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Introduction to the Workshop

The relationship between malnutrition and infec-
tion has received attention of late from nutrition-
ists, physicians, immunologists, public health pro-
fessionals, funding agencies, and governments,
cach of which has its own professional perspective
as a bias. In fact, evaluation of programs designed
to improve the health of populations in developing
countries, particularly the health of preschool
children who are highly vulnerable to infectious
discases and experience considerable morbidity
and mortality because of them, indicates that both
reduction in infection and improvement in nutri-
tion are required for optimal effects. Although an
enormous proportion of the world’s population is
infected by parasitic agents (frequently by several
at the same time), parasitic diseases have often
been left out of the picture in tfavor of the acute
bacterial and viral diarrheas and respiratory dis-
ases. Quantitative data that demonstrate the im-
portance of these latter diseases in the malnutri-
tion-infection complex have been obtained, and
pregrams of intervention have been developed.
However, a similar formulation for the various
parasitic diseases has not been undertaken, even
though modern chemotherapeutic agents offer the
possibility of successful mass control for some in-
fections (those caused by Ascaris hunbricoides,
for example), and insecticides can be cffectively
used for others (malaria), at least for a time in
some places, primarily because quantitative data
linking parasites and nutrition are lacking. In such
a vacuum, governmental decisions may be made
on a priori grounds and valuable resources wasted
on ill-conceived or low-priority programs.
Because of the explosive increase in our
knowledge of the biology, pathophysiology, and
immunology of the parasitic diseases and the in-
itiation of a number of studics to determine their
interaction with nutritional state, the Subcommit-
tee on Interactions of Nutrition and Infection (of
the Committee on International Nutrition Pro-
grams, Food and Nutrition Board, U.S. National
Academy of Sciences-National Research Council)
set out to organize a workshop for the exploration
of “the state of the art.” The Subcommittee was
joined in this effort by the Subcommittee on
Nuwnritional Effects of Infection (of the Committee
on Nutrition and Infection, International Union
of Nutritional Sciences) and the resulting Work-
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shop on Interaction of Nutrition and Parasitic
Discases was convened at the Rockefeller Founda-
tion Conference and Study Center, Villa Serbel-
loni, Bellagio, Iltaly, September 27-October 1,
1980.

In addition to producing an up-to-date sum-
mary of knowledge, the Workshop hoped to ex-
plore a fundamental heulth policy issue —whether
there was a rationale for control of the infections
uwnder consideration that would be distinet from
the direct benefit of reducing acute and chronic
discases —a rationale based on mutritional bene-
fits. Several gquestions were thus posed. Was a nu-
tritional gain expected from control of asymp-
tomatic or mild ascariasis or schistosomiasis? Did
asvmptomatic infections alter host-nutrient re-
quirements? Would programs to control parasites
improve nutrition, and, i so, how much? How
could control be accomplished? And finally, what
do we need to know to assign priorities and to
answer the practical, operational questions that
follow?

The meeting was jointly supported by the
United Nations University (World Hunger Pro-
gramme), The Fogarty International Center, Na-
tional Institute of Allergy and Infectious Discases,
National Cancer Institute, and National Institute
of Arthritis, Diabetes, and Digestive and Kidney
Discases of the U.S. National Institutes of Heaith,
and The Rockefeller Foundation. Additional
funding was received from The Wellcome Trust,
Merck Sharpe & Dohme, Inc., UplJohn Interna-
tional, and Ross Laboratories. The organizing
committee expresses its gratitude for this generous
assistance,

Finally, the Chairman wishes to personally
thank his fellow commitice members for their ma-
jor contributions to the organization of the
meeting: Dr. Nevin Schrimshaw, for his help in
bringing it to truition; Mrs. Wanda Chin-Coker,
for her devoted administration of the meeting;
Miss Cynthia Heim, for long hours of secretarial
work; and Mr. Roberto Celli and the staff of the
Villa Serbeltoni, Bellagio, ltaly, for their attentive
care.

Geralb T. Keuscu
Division of Geographic Medicine
Tufts-New England Medical Center
Boston, Muassuchusetts
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Functional Consequences of Malnutrition

Doris Howes Calloway

From the Department of Nutritional Sciences,
University of Culifornia, Berkeley, California

Human factors likely 10 be related to dietary intake and regarded as important across
cultuces and time are disease response, reproductive competence, cognitive function,
work output, and social and behavioral habits. Functional failure in these domains is
seen as having profound effects on health and demography. Most investigators who
have examined issues of food intake and human function have accepted some indicator
of an individual’s body size as a measure for malnutrition. Anthropometric indicators,
such as weight/age, weight/height, or height/Zage, are most commonly used. Unfor-
tunately, body size reflects many other factors in addition to malnutrition. Because
food intake is seldom known, it is difficult 10 estimate the amount of variation in size
due cither to nutrition or to other factors, The tacit assuniption is that, within a given
milicu, conditioning factors are reasonably constant and that differences in size not at-
tributable to conditioning factors are due 1o differences in intake of nutrients. Thus,
persons ol larger stature generally appear to function better than persons of smaller
stature, with respect to reproductive and disease competencies, work performance, and
cognitive ability. Evidence from studies in humans also shows that food deprivation al-
fects ability to produce healthy babies, physical performance, mental attitude, and
discase experience, irrespective of body size. Communities that have evolved under con-
ditions of recurrent scarcity will have developed and accepted what 5ve seen o be the
towest-risk strategics for coping with the immediate and longer-range problems of sur-
vival. Because the cost of failure is perceived to be high, there will be pressure against in-
novation. This tendencey 1o avoid risk-taking, in turn, may be among the grave effects of

chronic food deprivation, even when deprivation is not severe.

Nutritionists traditionally view questions about
nutrition in terms of a model in which intake of a
nutrient causes a commensurate status that is de-
finable and quantifiable in terms of certain para-
meters or indicators, such as body size and confor-
mation, the level in the blood of the nutrient or
substances dependent upon it, or morphologic
characteristics. Experimentalists have utilized this
model effectively to prove the essentiality and to
clucidate the function of the 40-50 nutrients re-
quired by mammals.

Obsesvations that the same intake does not
always produce the same state have led to an ela-
boration of the model that takes account of condi-
tioning factors or agents that modify the require-
ment for a nutrient. These may be physiological
(pregnancy), dictary (bioavailability), climatic
(heat), genetic (lactase deficiency), occupational
(heavy work), or environmental (disease vectors).
These factors alter the dietary requirement for a

Please address requests for reprints to Dr. Doris Howes
Calloway, Chancellor’s Office, 200 California Hall, University
of California, Berkeley, Calitornia 94720,
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nutrient by changing absolute tissue demand, ab-
sorption, loss, or the like. According to this
model, the requirement for the nutrient is said to
be met when the indicator of status is satisfactory
under stipulated conditions. The quantitative re-
quirement cannot be absolute because it depends
on the selection of the indicator and on the condi-
tion of life. Much of the argument surrounding
the relationship between nutrition and infection
derives from this model. Infection alters the
dietary requirement for a nutrient. if parasitism is
endemic and will remain so, the reccommended in-
take of the nutrient must be set high enough to
take account of the prevailing condition {1].

A more developed model for questions about
nutrition widens the range of indicators of status
to include relevant capacities, such as the ability to
see in dim light or to mount an immunologic
defense. Some rescarchers now refer to these as
functional indicators (rather than clinical signs) to
differentiate them from the anthropometric and
biocheniical measurements that indicate tissue
status but have limited power 1o predict the risk of
failure of an essential or desirable function. The
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finding of an unsatisfactory tunctional indicator
suggests the need for prompt intervention because
of the associated high risk that the affected in-
dividual will be unable to perform some function
of societal concern. If this were not the effect, the
finding of failed dark adaptation would have no
greater importance than the finding that plasma
vitamin A is <20 ug/dl, for example,

The functions of interest and degree of ¢« neern
vary because they are culturally and circumstan-
tially determined. A workshop conducted by the
National Academy of Sciences (United States) [2]
identified five arcas of competency likely to be re-
lated to dietary intake and to be regarded as im-
portant across cultures and time: discase response,
reproductive competence, cognitive function,
work output, and social and behavioral function.
In most societics, the range of concern would ex-
tend to the retention of intact function beyond
adulthood, i.c., to the duration of procuctive and
satisfying life. Functional failure in any of these
domains is seen as having profound consequences
for health and demographics, as affecting the pat-
tern of human activity and its material conse-
quences, and as having cven broader societal
consequences through alterations in individual be-
havior and psychosocial well being [2]. Govern-
ments would surely wish to take corrective meas-
ures if they had the means to do so and if they
were persuaded that nutrition does affect these
functions.

In the past, where governments have decided to
provide better nutrition, the programs have usual-
ly been viewed as welfare with marginal or no real
return expected from the investment. (This view
inay not apply in socialist countries, but documen-
tation is lacking.) Food distribution has also been
used as a political measure, to keep down urban
unrest [3]. Perccived as a form of welfare, how-
ever, nutrition programs cannot compete success-
fully with other programs making demands on the
welfare budget. Some nutritional programs, c.g.,
the iodization of salt or nutritional education
within established school programs, cost very little
and arc usually adopted where appropriate, ir-
respective of demonstrated utility, But most of the
malnutrition in the world is due to food depriva-
tion rather than to lack of a specific essential
nutrient. To prevent or cure such malnutrition,
people must be fed daily throughout their lives.

The prevalent stance retlects the way nutrition-
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ists and clinicians have presented the problem of
nutrition. In the traditional model, one’s own
food intake is seen as affecting one’s own condi-
tion but not the condition of others. While sonie
studies have attempted a definition of the malnu-
trition of individuals in more functional terms, no
study has yet approached the problem fully in the
context of a man-environment systeni.

Throughout this article, the focus is on overall
food deprivation and hence, primarily on encrgy
or protein-energy malnutrition rather than on lack
of specific minerals and vitamins. Populations
that are food-deprived generally lack an array of
nutrients, but the deficits, with a few exceptions,
are reasonably in balance with the food-energy
deficit.

Linking Nutrition and Function

Several difficulties are encountered immediately in
any attempt to establish the linkage between nutri-
tion and function. The first is the identification of
thosc whose function may be impaired because of
inadequate intake of food. Generally, two types of
information arc used to determine who is or is
likely to be malnourished: a comparison of actual
intake of nutrients with recommended levels of in-
take, or a comparison of some biological measure-
ments with the normative values for a well-
nourished population,

Inaccurate knowledge of food intakes is a
serious limivation. National data on food disap-
pearance are not reliable estimates of consump-
tion, nor are they valid indicators of malnourish-
ment, because food is not distributed uniformly
among people. Adjustment of national average
figures according to income distribution improves
the estimate ot populations at risk, but the ques-
tion of the reliability of the basic data remains [4]).
Intakes of individuals and houscholds have not
often been measured over long periods; of time or
at regular intervals over time. The present
methods of assessing food intake are costly and
time-consuming, and questions of reliability and
validity have been raised [5]. Even if adequate in-
formation on food intake were available, com-
parison with dictary standards is not sufficient
proof of individual states of nutrition. As in-
dividial requirements for nutrients are neither
known nor constant, any comparison of intakes
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with dietary standards can only provide an
estimate of the risk of inadequacy.

Most investigators who have examined issues of
intake and function have accepted some indicator
as a surrogate measure of malnutrition. The most
commonly used indicators of insufficient total
food intake are anthroponietric ones (weight/age,
weight/height, height/age). Unfortunately, body
size is an aggregate reflection of heredity as well as
all previous life experiences, including infiction,
exposure to toxicants, and inattention and negleet,
as well as nutrition. Thus, because food intake is
almost never known, the amount of variation in
size due cither to nutrition or to other condition-
ing factors cannot be estimated. The tacit assump-
tion is that, within a given milicu, conditioning
factors are reasonably constant, and the remain-
ing differences in size  result  from  feod
deprivation,

Hlustrative of these difficulties are some longi-
tudinal studies of very young children served by
ficld health stations in Africa [6, 7] (see also [8]
for Central American studies). In The Gambia,

where marasmus is the typical manifestation of

malnutrition, mean weight gain was 98 g per
month between ages 0.6 and 3.0 years (mean, 1.62
years), or 45% of the expacted rate of 220 g per
month. Kwashiorkor predomiiates in Uganda,
where the reported gain was 85% of the expected
rate, or 185 g per month. Regression ol growth
(dependent variable) on prevalence of disease (in-
dependent variable) indicated highly significant
negative effects of gastroenteritis in both loca-
tions; the effect on weight gain was calculated to
be —101 g per month in The Gambia and - 14 g
per month in Uganda. Malaria was very detrimen-
tal to growth, but because of its far lower preva-
lence, the effect on growth was only ~ 810 -9 g
per month. Giardiasis was a significant factor only
in The Gambia (-7 g per month), and helminthic
infections had no significant effect in either loca-
tion. Infection, including the attendant with-
holding of food, anorexia, and intestinal loss, ap-
pears to explain most of the deficit in weight gain
in these populations, but the authors believe
otherwise. When scasonal differences in the
growth rate and the prevalence of infection were
allowed for in the statistical analysis, the contribu-
tion of gastroenteritis was reduced. The investiga-
tors believe that availability of food is responsible
for the remaining unexplained variance, but they
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present no supporting data.! Neither these nor
other investigators reported whether or not in-
dividual episodes of disease can be related to the
immediately preceding weight to height ratio or
growth rate of children. They do, however, report
that the same associations hold for individual
children as for the group (i.c., a given child’s
growth falters during episodes of gastroenteritis
(9D, and further analysis of their data may yield
the information wanted. Resistance is gencerally
considered far less likely 1o be affected by nutri-
tional state than is response, but the subject of
host resistance warrants study.

The ambiguity that has resulted from use of
nonspecific indicators has given scope for cx-
tended and generally unproductive arguments
about the relative iniportance of food deprivation
(in contrast to the general concomitants of pover-
ty) to individual and socictal well-being. Much of
the argument hinges, as well, on acceptance of the
view that being bigger is better than being smaller
(and of course, that living is better than dying).

The Significance of Body Size

All other things being equal, persons of small
stature should have a clear advantage in resource-
limited societies. From this perspective, the limita-
tion of lincar growth (stunting) can be viewed as
an adaptive response in that adapted individuals
can make do with less food throughout adult-
hood, when total physiologic food demands are
highest. Yet this concept runs counter to the com-
mon belief and experience of nutritionists, biolo-
gists, and clinicians alike.

When laboratory and farm animals are
deliberately deprived of food, their growth slows.
Clinicians have identified children free of organic
disease in whom very shori stature has resulted
from low intakes of energy, even in privileged cir-
cumstances; in these children, growth was shown
to accelerate with increased intake ¢f food [11].

Experimentally, whether animals achieve their
normal, genetically determined body size depends
on the stage of development during which the
deprivation is introduced and on the degree and
duration of the deprivation [12, 13]. The potential
for acceleration and deceleration of growth is
substantial, and, unless energy deprivation occurs

' See Appendix.
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at a particularly critical stage (c.g., during the
fourth to seventh month of fetal life in humans,
when the hypothalumic nuclei and tracts are being
organized [12]), catch-up growth usually occurs
and growth continues beyond the age at which it
usually  terminates in more generously fed
animals. British data indicate that carly growth
may be critical because children tend to remain in
the growth channel established by 18-24 months
of age [14]. In human populations whose food in-
take is chronically low, growth may continue into
the carly 20s but, even so, adults rarely attain the
height of similar people with larger food intake.

In the experimental models and in food-
deprived human populations, a lag usually oceurs
in the attainment of physical, developmental
markers other than growth (dentition, sexual
maturation), but gross functional capacities are
preserved. And, rather than being shortened, the
life-span of food-restricted animals in a sheltered
environment is extended.,

On the other hand, smallness may be handicap-
ping. Bigger mothers do have bigger babies, and
the incidence of low birth weight (2,500 g) is con-
siderably higher among babies of short mothers
[15, 16]. Babies with low birth weigits have in-
creased risk of defective development and death.
In fact, low birth weight has been found to be the
main determinant of infant mortality when age,
race, and sociocconomic conditions are taken into
account [17, 18]. The observation that perinatal
mortality from all causes is inversely correlated
with maternal height led Thomson [19] to conclude
that “it looks as if stunting of growth, leading to
short stature in adult life, causes impairment of
physiological efficiency, as well a5 physical im-
pairment, so that the baby is more likelv to sufter
from defective development during carly fetal life,
growth retardation up to the time of birth, and im-
paired vitality . . . .” Further studies showed that
this relationship holds within all socioeconomic
classes. Thomson [19] uncomfortably acknowl-
edged that women who are genetically short
“. .. arc on the whole less efficient at reproduc-
tion. . . .” In reaching this conclusion, however,
Thomson reflects a bias in assuming that the
height of women of upper cconomic classes is
limited only by genetics, and that height and birth-
weight are related through inherent physiologi-
cal/physical processes. It is possible, even likely,
that short women cat less than tall women within a
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given socioeconomic group, and food intake dur-
ing pregnancy does affect birthweight,

A woman’s height can also affect her selection
of a marital partner. Thomson [19] cites studies of
primigravidac showing that a woman’s height is
associated with her occupation and the occupa-
tions of her father and her husband; women who
rose in social status through marriage tended to be
taller, and those who fell in status were shorter.
English and American data indicate that unmar-
ried women are taller than married women of the
same age with no children; mean maternal height
varies inversely with the number of children, If
these trends are stable and universally true, selec-
tion processes favor women of average height; the
tallest women are desclected for marriage, and the
shortest women, althovgh they bear the most
children, also have the poorest reproductive out-
comes. In modern Western cultures, obesity is also
a desclection factor for marriage. Because deposi-
tion of body fat is a survival strategy, a bias
against fatness is unlikely in cultures where
periods of food scarcity are the norm.

No comparable information relating to male
reproductive selection has been noted. Tall men
were probably preferred in the past, as being likely
to be more successful hunters and warriors. But
because women tend 1o outnumber men and so
much of women’s social identity is vested in mar-
riage, any man’s being rejected on the basis of
height alone seems highly unlikely.

Among adults of both sexes, the abilities to per-
form physical and mental tasks are key deter-
minants of a successful and satisfying life. An im-
portant distinction exists here between functional
capacity and expressed function. If work produc-
tivity is the measure of interest, for example,
physiologic work capacity, consumable ecnergy
(food or reserves), and the availability of employ-
ment are all necessary preconditions.

The capacity for physical work depends on the
amount of lean body mass and muscle mass and
on oxygen transport capacity. Because taller peo-
ple tend to have larger lean body mass, their per-
formance capacity tends also to be greater. This
correlation is borne out both by an analysis of
Olympic performances that showed tall athletes io
have a distinct advantage in most events [20], and
by standardized work tests of control and under-
sized Colombian men [21]. Among the Colombian
men, the malnourished groups were all of the
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same average height, and decrements in perfor-
mance capacity followed decrements in body
weight and urinary excretion of creatinine (in-
dicative of muscle mass) [21].

Studies of three groups of men residing in a
tropical lowland area of Nepal found a positive as-
sociation between performance capacity (maximal
oxygen uptake) and weight in indigenes and recent
migrants from the Lower Himalayas and revealed
a negative association between capacity for work
and skinfold thickness (fatness) among the
migrants [22]. After controlling for weight, the re-
searchers found no significant effects of any other
morphologic characteristic in the migrants. In the
indigenous people, however, stature, leg length,
and surface arca remained strongly associated
with work capacity. Among the migrants (recent
and first generation residents),  performance
capacity declined with duration of residence in the
jungle, and both groups of migrants performed
less well than the indigenous people when weight
and stature were controlled. Clearly, factors other
than morphology are involved. Training, food in-
take, and malaria arc among those factors.

Work capacity has been correlated with the oc-
cupational output of cane cutters [23, 24], and
work output in light industry has been shown to be
related to body weight [25], but the relation be-
tween height and capacity for work has not been
examined scparately. Other components of per-
formance, such as dexterity, balance, and cye-
hand coordination, have received little attention.

Bliss and Stern [26] have taken a different
analytical approach in dealing with the manner in
which consumption of food and other goods
relates to the efficiency of labor. A frontier or
boundary describes the limit of an individual’s
possible performance (defined as a maximal
number of feasible tasks), and the analytical ques-

tion posed was to relate that frontier to intake of

energy. The development of a rational model re-
quired the concept of a minimal body weizht
necessury to achieve the frontier. The model could
be, but has not yet been, tested cmpirically.
Cognitive abilities are unquestionably required
for all aspects of life, as well as for many work
tasks. It is only in recent decades that new concep-
tualizations and improved methodologies have
permitted the demonstration of residual and often
subtle damage in experimentally deprived and
rehabilitated animals. Comparable changes have
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been found in retrospective studies of previously
malnourished humans, but generally the findings
reach significance only for those who have been
severely or repeatedly malnourished in early life.
In these survivors of marasmus and kwashiorkor,
the effects of te various environmental assaults
cannot be separated, nor can a value be assigned
to cither size or to any other causal factor.

Such limited evidence as exists supports the view
that cognitive ability is positively associated with
stature. Brozek provides a recent review of this
literature [27]. Guatemalan studies that utilized
discriminatory tests (such as attention span and
short-term memory) led to the conclusion that,
under conditions in which growth is limited by
nutrition and other environmental factors, bigger
children are smarter [28]. Older literature, involy-
ing conventional measures of intelligence, also in-
dicates that even in richer countries greater height
in women suggests at least marginally higher in-
tellectual capacity [29].

The literature relating the body size of children
to morbidity and mortality shows clearly and uni-
formly that in an unsanitary environment the
smallest children are the most vulnerable. For ex-
ample, in a prospective study of one- to two-year-
old children in Bangladesh [30], the mortality rate
of the lowest decile, according to initial weight-
for-age or height-for-age, was about four times
the rate of the top decile. In this population, fewer
than 10% were within 95% of the Harvard height-
for-age norm, and 112 out of 2,019 died during
the two-year study; this number indicates poor
functional performance indeed.

Enhanced morbidity and mortality are usual-
ly ascribed to diminished immunocompetence,
which has proved to be a powerful explanatory
variable. Studies of Indian children indicate that
not all immune responses are affected to the same
extent in children with various degrees of growth
retardation [31]. Compared with normal children
aged one to five years (weight-for-age, >80% of
the Indian Council for Medical Rescarch stan-
dard), those with mild to moderatc malnutrition
(weight-for-age was 60%0-80% of standard) showed
impaired leukocyte phagocytic function. In more
seriously deprived children (weight-for-age, <60%
of standard), both phagocytic function and cell-
mediated immune response werc altered, and anti-
body response to typhoid antigen (but not to diph-
theria and tetanus toxoids) was impaired as well,
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Indian children whose nutritional status was re-
corded when they were abont five years old were
reexamined at ages 13-15 Jor observation of how
immune status relates to long-term protein-energy
malnutrition [32]). The 94 five-year-old children
were divided into four groups according to height-
for-age (in relation to Harvard norms) as follows:
ncrmal (within 2 s© of the mean), mild protein-en-
ergy malnutrition (>2 but <3 sp below mean),
moderate protein-energy malnutrition (-3 but <4
sb below mean), and severe protein-energy malnu-
trition (>4 sp below mcan). A fifth group was
made up of individuals from groups 2, 3, and 4
who had suffered from kwashiorkor or marasmus
during carly childhood.

Height status at age five was maintained at age
13-15. Weight-for-age relative to the standard was
lower in adolescents than it had beer in five-year
olds, but the difference between groups was main-
tained. Regarding immunologic stetus, it was re-
ported that bactericidal activity of leukocytes was
insignificantly higher in normal children than in
those of the other groups. The number of T
lymphocytes and the rate of ¥H-thymidine incor-

poration were significantly lower in children of

group 4 than in normal children, a fact indicating
that cell-mediated immune response is impaired in
chronic severe malnutrition. Values in children
with mild and moderate protein-energy malnutri-
tioni were essentially normal. In 15 children who
had kwashiorkor before the age of five, numbers
of T cells were considerably lower, while no such
reduction was seen in 10 children who had had
marasmus. Counts of B lymphocytes were normal
in all the groups except those who had suffered
carlier from kwashiorkor. Serum immunoglobulin
levels were similar in all five groups of children,
and the responses to diphtheria and tetanus an-
tigens were satisfactory and similar in all groups.
These results support conclusions drawn from
carlier work [31] that immune status is impaired in
severe malnutrition,

To my knowledge, no studics of the relationship
between adult height and experience with infec-
tious discase have been done. While modern litera-
ture is replete with evidence concerning the perils
of obesity as regards degencrative diseases, rela-
tively littde ctt:ntion has been paid to chronic
underweiptic, short of anorexia, in the postanti-
biotic era in Western countries. In the past, it was
recognized that thin people were more likely than
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normal or plump ones to succumb to infectious
diseases. There is now ample evidence that chronic
severe undernutrition, due usually to malabsorp-
‘ion or injury, results in depressed immune func-
tion of hospitalized patients and that this function
can be restored by adequate feeding.

Chen et al. [30] carried their analysis of the as-
sociation between size and disease in Bangladesh
one step beyond the usual. They examined mortal-
ity of children in relation to maternal height and
weight, The correlations did not reach statistically
significant limits, but the inclusion of maternal
size improved the efficiency of the children’s an-
thropometric measurements for the discrimination
of survivorship within the severely malnourished
group. Apparently, small women are less able to
cope with a poor environment and a sick child.

On the other hand, the view that bigger is better
is not universally accepted. South African investi-
gators, for example, are not convinced that “qual-
ity of life” differs between lighter and heavier or
slower- and faster-growing (the designations are
used interchangeably by these authors) black
scnoolchildren, aithough their quality of life is
clearly different from that of the white popula-
tion? [33]. The measures compared within the
black population were the prevalence of schistoso-
miasis and ascariasis, atienuaiice at school, a
12-min walk-run test, and hematologic indexes.
These investigators used school attendance as the
most persuasive argument, stating that

Although education for blacks in South Africa is not
compulsory, of those enrolled, the percentage attendance
per diem is invariably high, 95-98%. Such data are much
the same as those for white schoolchildren. Furthermore,
absenteeism among black children is due more often to
family reasons than to sickness. . .. Perhaps the most tell-
ing observation is that in rural arcas, especially in remote
parts, a high proportion of black children walk very long
distances to attend school; many walk 10 10 15 km a day.
Among such child:en, school attendance is very little af-
fected by bad weather. We insist that this performance,
which we have adequately verified, cannot be reconciled
with the situatioy whereby a high proportion of these
children are labelled as m=!aourished specificially on ac-
count of non-compliance with growth standards. . . .

The Walkers [33] plead for development of dif-
ferent growth standards for evaluating the need
for supplementary feeding:

‘While improvements in diev are taking place in measure
among the world's developing and less privileged popula-

! Sce Appendix.
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tions, in the not so distant future population growth will
certainly exceed food supplies. It has been stated that “be-
tween 1969-71 and 1985 Africa’s food demand would rise
by 76% and her food preduction by only 45%." In conse-
quence, ultimately, there will be greater reliance on plant
sources of nutrients, as is already the case with the bulk of
the world"s pepulation. Hence, the defining of adequate
grewth, consistent with envirommental clireemstances, in
terms of current and future nealth among such popula-
tions, as urged above, takes on crucial importance, It is
preposterous 1o regard the acquirine of this knowledge as
an “academic exercise,” as Habicht et al. [Lancet 1:611,
1974) maintain, Furthermore, it must be appreciated thas
the need tor this information is intensified by (/) a lack of
knowledge of desirable masses of adults since westers:
norms for body mauss are not optimal, and (2) the fact that
at 50 years and thereatter, South Atrican blacks with their
fower prevalences of degenerative diseases compared with
whites, have higher survival rates. [Walker, AL R, P,
Postgrad. Med. 1. 50:29, 1974]"
This issuc of longevity is an interesting one in that
the observation accords with findings from the ex-
perimental undericeding of animals. We, of
course, cannot know whether black South Atrican
survivors are simiply the hardiest of those born,
the weaker ones having been unable to withstand
the quality of their lives, or if their probabie
chronic underteeding is a relevant factor.

Empivical Evidence

Scientists, for the most part, are unwilling to rest
the case for nutrition on the ambiguous evidence
provided by the acts of nature reviewed above.
For some, the only acceptable proof comes from
intentional experimentation. Although much of
this work has been less than satisfactory, there is
no serious discrepancy between the two lines of
cvidence,

Deprivational studies have been experimentally
the cleanest. Benedict’s studies at the Carnegic
Laboratory involved male college students who
were free to continue their usual activities while
cating a normal diet but restricted to about
1,600-1,800 keal per day [35]. In the Minnesota
experiment, Keys et al. [36] studied conscientious
objectors confined and for 24 weeks given a “semi-
starvation” diet typical of reduced wartime rations
in Europe; this regimen supplied ~1,600 keal per
day. Both groups of investigators found the ex-
pected physiologic adaptation to energy restriction
(loss of weight, reduced basal metabolic rate,
diminished performance capacity) and important
attitudinal changes and 1 ehavioral adaptation as
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well. The men became apathetic, had difficulty
concentrating, lost libido, and were less active
physically.  Unfortunately, these behavioral
responses were not documented fully in either
study. In general, animals will exhaust their reper-
toire of behavioral adjustment before the full
range of physiologic adaptation is activated; in
humans, however, the behavioral responses to
food deprivation may have the more lasting func-
tional outcomes.*

Field observations are entirely consistent with
the evidence from these classic studies. For exam-
ple, European miners whose rations were severely
cut lost weight; they continued to perform under
the incentive of wartime defense nceds, but the
tonnage of coal mined fell [37]. Victims of famine,
prisoners of war, and those in concentration
camps finally become apathetic and iistless,
broken in body and spirit [38].

Food supplementation is the other experimental
mode used to illuminate the significance of
malnutrition. The studies usually are intended to
serve dual purposes, i.c., to constitute an experi-
ment and to give direction and impetus to govern-
mental preventive and remedial nutrition pro-
grems. As experiments, most of these studies pro-
vided at least some proof of the benefit of feeding
the malnourished, as measured by such criteria as
the birth weight of infants, children’s growth, and
the physical work capacity of adults. For policy
and planning purposes, the studies were less than
cffective,

These intervention  experiments  are  often
criticized, sometimes because the design would
have been inadequate under even the best of cir-
cumstances, but often because the investigators
did not appreciate the full, possible range of
human responses. Successful intervention requires
a different view of and approach to nutrition
questions, a view and approach that take account
of how people conduct their lives. For our efforts
to affect policies and programs, we must ask dif-
ferent questions in different ways.

The Nutrition Factor: A Construct

Food deprivation is unquestionably the most per-
vasive problem among humankind. Perhaps it has
always been so, and much of the way humans

' See Appendix.
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relate to one another and their environment may
have been conditioned by its continued existence.
We should at least consider the hypothesis that
cultural styles and malignant poverty and all its
concomitants are as likelv to be the outcomes of
foad deprivation as the cause of it.

To ageregate and quantity food deprivation, we
must think in terms of energy and, cspecially,
recall that the need tor energy has priority over all
other nutritional needs. The amount of energy re-
quired is largely a function of the level of physical
activity. When encrgy intake is less than is needed
to carry out required activities, energy may be ob-
tained from tissue reserves (within physiologic
limits) or by the elimination of activities that are,
or arc seen to be, discretionary. This type of be-
havioral adaptation to deficient intake occurs even
in those who have adequate or excessive tissue
stores [40, 41]. Logic suggests that the extent to
which activity talls during food deprivation must
be determined by some more or less conscious
overlay of a physiologic regulatory process.

If the work demanded under conditions of defi-

cient intake is critical to survival, the limits of

behavioral adjustment would be reached and

tissue would be consumed until the destruction of

lean mass rendered further work impossible. In

this situation, persons who have larger reserves of’

fat and lean tissue and are the most adept at
regulating their behavior are the ones who will sur-
vive. This situation exists in some subsistence
farming communities where there is a seasonal
loss of body mass during the hungry period,
before the crops are ready to harvest.,

Familics who live in this setting must be effi-
cient managers and strategists. They must be good
at predicting the time and quality of harvest and in
balancing the remaining food reserves against the
forzseen nceds of family members and other
demands and obligations. Families must make
hard deeisiuns about the expendability of what-
ever resources they have (time, labor, goods, and,
in the extrente, persons). Even in situations where
women do not usually work in the fields, they may
at a critical stage set aside their normal work of
preparing food, fetching water and firewood, and
caring for childien and the house, to turn to field
work. Children may be left with food prepared in
advance that becomes increasingly less safe to eat,
and the younger ones may be lett in the care of
older children who, because they are at a less ad-
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vanced stage of socialization than their parents
are, may also be less likely to share, and are surely
less experienced at managing. A nutrition and
health survey made at this time would find
variable degrees of thinness among the family
members (depending on how that family sces the
hicrarchy of needs and demands), the apparent
anomaly of people being underfed when food is
available to the houschold (stored grain or cassava
in the ground, perhaps), and low standards of
hygiene {expressed as gastroenteritis, parasitism,
cte). In this case, malautrition of children is to
some cxtent due to their own low intake, but more
dircetly to the way their parents deal with the
recurring problem of food deprivation. And if the
food deprivation of parents is severe, their inabili-
ty to provide adequate subsistence for the family
and to care for its members is the final malfunc-
tion cnsuing from malnutrition.*

Communities that cevolved under conditions of
recurrent scarcity have develeped and accepted
what they view as the the lowest-risk strategies for
coping with the immediate and longer range prob-
lems of survival. IFamily structure and members’
roles will follow those strategies, and over time be-
haviors appropriate to those roles became the cul-
tural norm. Because the cost of failure is pereecived
to be high, there is pressure against innovation.
This tendencey to avoid risk-taking may be among
the higher costs of chronic food deprivation, even
where the deprivation is not severe,

Disparity in the amount of food available to
families within a community undoubtedly also
alters relationships among people. Others' hunger
may be seen as a threat to one’s own security;
cultures have evolved various ways of dealing with
this threat. One is to segregate the affected ones
idcologically as a class or caste whose deprivation
is fated. Other ways are schemes for redistribution
ranging from customs of marriage and death to
philanthropy and taxation,

To address these societal concerns effectively re-
quires a new conceptualization of the problems of
nutrition. This is not to deny the worth of basic
scienee, of meticulous biochemical and biophysi-
cal studies of parts of cells, organ systems, and
cven people; scope exists tor all of these. But vir-
tually nothing that the scientific community has
discovered about nutrition in this century has al-

* See Appendix.
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tered the prevalence or severity of the dominant
forms of malnutrition. We know a great deal
about protein-energy malnutrition, almost cvery-
thing in fact, except what causes it, how to prevent
it, and what it costs society not to do so.

Appendix

' These investigators [6, 7] observed that stan-
dard curative medical care (reported as equivalent
to that of the British Nationa! Health Service) was
not noticeably effective in dealing with the
infection-induced growth failure in these settings,
In a search for simple measures suitable to isolated
rural Gambian villages and effective against diar-
rheal discase. water and food were identified as
sources of contamination [10]. All well water gave
evidence of fecal contamination (depth of wells
was 45-60 feet), and most water storage pots were
also contaminated. Bacte.;al counts in cooked
food reached unacceptable levels 30 min after
preparation in two-thirds of the samples tested.
Feeding of children was said to be haphazard,
especially when adults were away, working in the
ficlds. Then, cereal gruel was prepared in advance
and left for feeding during a period of 8-9 hr,

? The authors did not attempt to make a similar
case for black preschool children, among whom
the smaller ones arc clearly more vulner-
able than the larger ones. Other South African
studics [34] of this age group found that growth of
Bapedi children indicates “suboptimal to serious
nutrition deficit” in that growth failure occurs
“. .. in the absence of endemic malaria or other
tropical diseases, the absence of severe parasitic
infestation, major forms of anacmia or primary
tuberculosis. . . . " A longitudinal study of 110
Bapedi babies in this sample population found
26% to suffer from overt malnutrition between six
months and five years of age. Ten percent had lost
one or both parents and another 20% had mothers
of “low cfficiency” as judged by “attitudes, clean-
liness, impressionability, care of their other
children, general awareness and concern.” All of
the children in these (two groups had hospital ad-
missions for infectious disease (gastroenteritis,
respiratory infections) as did 81% of the overtly
malourished (weight/age, <third centile, Har-
vard norms). The incidence of overt malnutrition
was nearly twice as high among children where
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low maternal efficiency was a factor (52%) as in
the group as a whole. During the first six months
of life, the growth of these children was not dis-
criminably different from that of the others.
There were 12 mentally retarded children in the
series, and in 10 of them there was no identified
cause; of these 10, three had overt malnutrition,
five had mothers with low efficiency, and one was
an orphan,

? Some evidence indicates that performance may
be impaired by missed meals [39]). Not all studies
have found these effects, but the point is worth
pursuing  because  missed  meals may occur
throughout a significant portion of poor children’s
preschool and school years.

* It is well to bear in mind that a ¢ross-country
multivariate analysis conducted under the auspices
of the World Bank [42] related calorie deficits 1o
life expectancy, child and infant mortality, and
child growth. Across 39 countries, calorie deficit
had a significantly detrimental effect on life expec-
tancy, growth, and child and infant mortality. The
clfects of calorie deficiency could not be explained
away by income, health care, or education; and
caloric deficiency was a better indicator of the out-
come variables than was income.
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Malnutrition may appear to increase or decrease the severity of a parasitic disease, but
the fundamental mechanisms that influence such synergistic or antagonistic relation-
ships have yet to be identified. Several factors must be considered in an evaluation of
possible synergistic or antagonistic relationships. They include the species and virulence
of the parasite; the nutritional requirements of the parasite; the severity, duration, and
type of malnutrition in the host; and lastly, the competence of immune mechanisms and
other resistance factors in the host. Because the immune system may be impaired by
malnutrition, tails to provide protection against most parasitic infections, and has a
known propensity for producing harmful as well as beneficial responses, the immuno-
logical functions of the host are undoubtedly key indicators of whether malnutrition
will cause an increase or a deerease in the severity of a parasitic disease.

As with other infectious diseases, a complex three-
sided interrelationship appears to . k parasitic
discases with both the nutritional siatus of the
host and the functions of the immune system (fig-
ure 1), Because of its fundamental implications,
this concept —that malnutrition has an important
impact on the susceptibility and resistance of the
host —was included Tor discussion in the initial
session of this Workshop. Nutritional deficits, im-
balances, and even excesses can impair the func-
tional competence of the immune system [1]. Both
the nutritional status and the immunologic re-
sponsivencss of the host appear to exert, by yel
uncertain mechanisms, an enhancing or suppress-
ing effect on the pathogenic progression of a para-
sitic disease; in the opposite direction, a parasitic
discase can alter both the nutritional and immuno-
logic status of the host,

The Concept of Synergism and Antagonism

In a World Health Organicution (WHOQ) mono-
graph published 12 years ago, Scrimshaw, Taylor,
and Gordon [2] made a detailed attempt (o cate-
gorize the apparent changes in the severity of an
infectious discase process in a “utritionally de-
prived host. They reviewed a large tammber of car-
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ly descriptive studies in animals or man and found
that preexisting malnutrition did not always in-
crease the severity of disease, In 325 studies,
malnutrition enhanced the severity of infection,
However, in 93 studies the infection was less se-
vere in the presence of malnutrition, and in 66
studies the presence of a nwritional deficiency
made no apparent difference.

These authors defined synergistic interaction as
one in which preexisting malnutrition lowered the
resistance of the host to the infection and led to an
infectious process of greater-than-expected severi-
ty. The opposite or antagonistic type of interac-
tion resulted in an infectious process that was less
severe in a malnourished host than in one with
normal nutrition. Infections in humans were oflten
made worse by preexisting malnutrition and near-
ly always increased the magnitude of any co-
existing nutritional deficits.

Examples of Synergism and Antagonism

Synergistic or antagonistic relationships appeared
1o be influenced in animals by the nature of the in-
fectious process, as well as by the type and degree
of malnutrition. Most bacterial discases (83%)
were made worse by concurrent malnutrition, but,
in contrast, the number of viral infections with re-
duced severity equalled the number with increased
severity in malnourished individuals [2]. The para-
sitic diseases appeared to fall into an intermediate
position in this type of evaluation, with a 63% in-
cidence of synergistic interactions being about
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Figure 1. A schematic representation of the factors

that cause synergistic or antagonistic changes in the se-
verity of parasitic diseases. Malnutrition in its various
forms typically interferes with functions of the immune
system, while the nutritional status and immune system
competence of the host have reciprocal influences on
parasitic diseases.

midway between the findings for viral and for bac-
terial discascs.

Total starvation in combination with experi-
mentally induced parasitic infections in laboratory
animals led to some synergistic or antagonistic
interactions [2], but no pattern emerged to indi-
cate that the type of interaction was influenced by
the species of either parasite or host. Multinutrient
deficiencies in laboratory animals seemed to wor-
sen protozoan infections; but with helminthic in-
fections in rodents, equal number of synergistic
and antagonistic interactions were reported.

States of protein deficiency almost alwavs led to
synergistic worsening of helminthic infestations,
but showed only inconsistent effects on protozoan
infections. Infection with Eimeria tenella in chick-
ens and infections with Plasmodiune herghei or
Trypanosoma gambiense in rats were less severe in
protein-deficient animals. A cestode infection due
to fhymenolepis nuna also showed an antagonis-
tic interaction with protein deficiency in mice. Equi-
vocal findings were noted in protein-deficient mice
challenged with Schistosoma mansoni [2).

Deficiencies of vitamin A enhanced severity of
most types of parastic disease, but parasitemia
was alleviated in chickens with induced malaria,
After being given a large dose of Trichinella lar-
vace, rats deficient in vitamin E had lower muscle
parasite counts than did controls [2]. Plasmodinm
knowlesi counts in the blood of monkeys deficient
in vitamin C were lower than in the blood of con-
trols, and an overwhelming increase in the para-
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site count of the red cells followed ascorbic acid
repletion,

Deficiencies of isolated B vitamins aiso produced
inconsistent patterns of antagonistic or synergistic
interactions with a large variety of experimental
parasitic discases [2). Although only a few studies
were reported during deficiencies of riboflavin,
niacin, folic acid, and biotin, most of the interac-
tions were synergistic. In contrast, deficiencies of
pantothenic acid produced a large percentage of
antagonistic responses, espcrially during  ex-
perimental malarias. In comparison with other
B-group vitamins, a deficiency of pyridoxine is
known to lead to the most profound abnormalitics
in both the histology and the function of lymphoid
organs [1]. Despite any accompanying immunc
system dysfunction, a deficiency of pyridoxine
also produced a scemingly patternless array of
cither synergistic or antagonistic effects during a
variety of other experimental parasitic discases.

Hookworm infections in experimental animals
have been made worse by a deficiency in iron.
Very little information is available, however, con-
cerning the specific effects of other individual
minerals or trace elements on parasite diseases in
animals,

Validity of the Concept of Synergism and
Antagonism

Although the analysis in the WHO monograph
[2] did much 1o solidify concepts about the oceur-
rence of synergistic and antagonistic interactions,
it was based largely on descriptive data. The array
of synergistic or antagonistic relationships re-
viewed in the preceding paragraphs fails to exhibit
consistent responses based upon discase or defi-
ciencies of individual nutrients. Clearly, the avail-
able evidenc: is not strong enough to certify the
existence of a cause-and-effect relationship be-
tween states of malnutrition and the severity of
parasitic infections. At the other extreme, the
designation of a synergistic or antagonistic rela-
tionship may merely reflect a very wide scaltering
in published old data. Few if any of the older
studies were adequately designed to test the hy-
pothesis that malnutrition worsens (or lessens) the
severity of au induced parasitic disease. Further-
more, since the WHO monograph preceded the
virtual eruptions in immunologic knowledge and
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molecular biology that have characterized the past
decade, future investigations must seek out the
mechanistic explanations for observed cvents.

In contrast to the hope that interpretable new
studies can be designed using experimental animal
models is the extreme difficulty of producing a sci-
entifically acceptable demonstration in humans
that single nutrient deficiencies, imbalances, or ex-
cesses have either a synergistic or an antagonistic
effect on parasitic discases. The number of uncon-
trollable variables is overwhelmingly large in
human disease. Under naturally occurring circum-
stances, parasitic infections rarely occur as iso-
lated events. Polyparasitism is common; initially
infecting doses of parasites are not measurable;
exposures are typically recurrent ¢ coniinuing;
and infections are usually ¢hronic. Nutritional de-

ficiencies in man are equally complex in terms of

their severity, duration, and multiplicity and are
generally influenced by coexisting bacterial or
viral infections,

With respect to intestinal parasites, little s
known about the effects of local variables that
may be pertinent, such as the role of the fiber con-
tent, quaatity, aud variety of ingested voods, the
effects of the normal micrebial flora of the gut, or
the eifects of other intestinal pathogens. Intestinal
viral infections often oceur in children harboring
multiple parasites; hewever, no information is
available about how such viral infections might in-
fluence a parasitic process, or vice versa. Possible
effects on parasitic diseases are equally uncertain
with respect to intestinal infections caused by in-
vasive or toxigenic bacterial pathogens.

Interactions may also develop among coexisting
parasitic infections. Murray et al. 3, 4] suggested
that interactions may occur during malaria and as-
cariasis if both infections are present in minimally
malnourished children. Their studies were con-
ducted on two neighboring islands of the Comoros
archipelago in the Indian Ocean. Children of An-
jouan were heavily infected (93% of 632 children,
ranging from two to 14 years of age) with ~1scariy
lumbricoides but were relatively free of malaria
(1.7%), while 237 children on Grand Comore
showed a 27% incidence of malaria and a much
lower (i.c., 24%0) incidence of ascariasis, mostly
without heavy worm burdens [3]. The dietary
habits of both groups were similar, and the only
other detectable parasites included small numbers
of ova of Trichiuris or Tricocephalus, which were
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found occasionally in the stools of children in
both groups [3]. When 37 Anjouan children heavi-
ly infected with Ascaris but with negative malarial
smears were treated with piperazine, more than
half of them developed malaria due to either
Plasmodium  vivax or Plusmodium  falciparum
within six to 14 davs [4]. Only one of 23 chiidren
with light ascariasis developed malaria after re-
ceiving piperazine, and only two of 52 children
who received a placebo developed malaria [4].
These data were interpreted as suggesting that the
suppresion of malaria was a nutritional conse-
quence of severe ascariasis and could represent an
“ecological balance” for optimal cosurvival of the
host and the two parasites [4]. On the other hand,
these descriptive studies have been criticized {5] on
several grounds, including the failure to adequate-
ly define the nature and magnitude of the chil-
dren’s malnutrition or to show that the Ascaris
had, in fact, been cleared by the therapy. Never-
theless, the observations raise interesting ques-
tions about the nature of any interrelationships
among different types of parasitic discases in the
same host.

Effects of Parasites on the Nutrition of the Host

The influence o parasitic diseases on the nutri-
tional status of the host must also be considered.
This influence may be virtually nil in asymptoma-
tic patients with retatively small parasite burdens
or it may reach life-threatening proportions in un-
ireated, severe malaria [6, 7]. As an acute febrile
illness, malaria resembles other generalized acute
infections of bacterial, viral, or rickettsial origin
in many of its metabolic and nutritional sequellae
[8]. As in other gencralized infections, nitrogen
balance becomes negative [6, 7]; there is increased
urinary excretion of nitrogenous compounds and
diazo- reactants; plasma albumin and the A/G
ratio are deereased; and acute-phase reactant pro-
teins are preduced in excess by the liver [8].
However, malaria is unlike other generalized in-
fections in several unique ways. The proliferation
of’ parasites requires the availability within red
blood cells of amino acids and all other substrates
needed for organism replication; the content of
various amino acids is, in fact, markedly increased
within parasitized red blood cells [9, 10]. Further,
iron released from red blood cells because of
hemolysis may virtually saturate the iron-binding
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capacity of plasma; this pattern contrasts with the
lowered concentration of iron in plasma that
typifies most other infections [8). In malaria the
intravascular release of hemoglobin is followed
rapidly by the formation of hemoglobin-haptoglo-
bin complexes; removal of these complexes
through phagocytic uptake by reticuloendothelial
cells leads, in turn, to a fall in plasma haptoglobin
values, rather than to the rise that characterizes
other acute infections {11].

Parasitic discases may influence the nutrition of
the host in additional ways that differ from those
of most other infections. Because of their very
bulk, some parasites require sizeable quantities of
nutrients, which must be obtained from the same
sources available to host cells [7]). The competition
for available nutrients is best illustrated by the re-
quirements of fish tapeworms for vitamin B,,,
which can lead to the development of megaloblas-
tic anemia in the host {7, 12]. Further, the chronic
nature of a parasitic discase can lead to progres-
sive, continuing malnutrition that may feed back
to impair the competence of the immune system
and other systemic host defensive mechanismes.
Such decrements can, in turn, reduce the abilities
of the host to control the malnutrition-initiating
parasite. In short, a self-contained vicious cycle
could emerge on the basis of a symptomatic persis-
tent parasiiic infection in a manner analogous to
that seen during an untreated chronic bacterial
discase such as tuberculosis.

Nutrition-parasite interrelationships must also
be evaluated in the reverse direction. Malaria may
be considered an iHustration in humans of an an-
tagonistic interaction between severe malnutrition
and a parasitic disease. During severe droughts,
many starving African desert nomads, adults and
children, were observed to have low-grade ma-

larial parasitemia, but manitested no symptoms of

illness {13, 14}, Refeeding of Nigerian nomads

with a whole-grain diet [13] and the inclusion of

oral ferrous sulfate therapy in a refeeding regimen
in Somalia [14] were followed by an increase in
iron concentrations in plasma, by near saturation
of the iron-binding capacity of plasma already
lowered by malnutrition, and in many patients, by
an abrupt enset of symptomatic malaria. The
malaria became severe and was sometimes of the
cerebral variety with parasites often present in
more than half of the red blood cells [13, 14]. One
cannot determine  from  the published data
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whether the reemergence of symptomatic malaria
was a direct effect of the increased availablity of
iron as a key nutrient for parasite replication, or
whether important iron-requiring cellular enzymes
and defer<ive responses of the host became func-
tional at different rates and, perhaps, in an un-
balanced manner during the refeeding regimens.

Effects Caused by the Immune System

These concerns lead naturally to questions about
the third major aspect of the three-sided interrela-
tionship under discussion, i.c., how the immune
system responds to malnutrition, parasitic dis-
cases, or both variables in combination. The im-
mune system is highly complex, involving multiple
cell-te-cell interactions, specitic and nonspecific
control signals, amplification capabilitics, feed-
back loops, and memory propertics. Its highly
adaptable responsiveness involves both its humor-
al and its cell-mediated arms, along with the sup-
porting activities of factors, such as complement,
divalent cations, lymphokines, phagocytic cells,
and hormones. Although immune responses are
directed toward specific antigenic targets, they do
not always serve to protect the host. 1mmunc-
mediated problems include the developmen: of
allergies, anaphylactic or serum sickness reac-
tions, formation of antigen-antibody complexes
that may precipitate on cell membrane surfaces, or
the initiation of cell-destroying reactions. Severe,
generalized malnutrition leads to atrophy of lym-
phoid tissue and functional inadequacics of im-
mune system competence [1]. Each aspect of the
immune system may respond to some form of
malnutrition in a different manner, and the
delicately balanced interactions among immune
systeni components may be upset. Although most
ol these acquired dysfunctions can be restored by
correction of the initiating malnutrition, recovery
of the functions of different immune system com-
ponents may take place at different rates; thus,
additional transient imbalances may develop dur-
ing refeeding programs. These possibilities may
account for some of the apparent patternless ar-
rays ol syneristic and antagonistic relationships
in malnourished hosts.

Little is yet known about the details of the re-
sponsiveness of the host immune system in parasi-
tic diseases, and still less about the possible nutri-
tional influences on these responses. In his recent
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review, Playfair [15] characterizes immune system
achievements against protozoa and worms as “pit-
iful” in contrast to the abilities of immunologic
mechanisms to control bacterial and viral infections.

Playfair [15] identificd only “a few rodent pro-
tozoa, usually in unnatural hosts, a handful of
worms in cattle, and human cutaneous leishman-
jasis . . ." as the parasitic diseases that could be
terminated by an adaptive immune response capa-
ble of maintaining resistance thereafier. Parasites
seem capable of protecting themselves from im-
mune defenses by gaining an intracellular loca-
tion, forming cysts, covering their surfaces with
material derived from the host, or developing
surface antigens closcly resembling those of the
host. Blocking antibodies may also contribute 1o
the progression ol parasitic infections in which
soluble antigens are often produced in large
amounts [15]. Although a great variety of casily
measured serum antibodies are formed during
malaria, they do not appear o be of major effec-
tiveness in generating resistance, and their contri-
bution to protective immunity remains unclear.

An array of immune responses to parasitic anti-
gens was identified by Playfair as being harmful to
the host [15]. These include the hepatic cirrhosis
of schistosomiasis, which begins as a T-lympho-
cyte-dependent (type 4) hypersensitivity reaction
to cgg antigens; the nephritis of malaria, which
results from deposition of  complement-fixed,
antigen-antibody complexes (type 3) on glomeru-
lar basement membranes; or the IgE-mast cell
interaction (type 1) which gives rise to the wheez-
ing of tropical cosinophilia [15].

A myriad of possibilitics for nutrient effects on
antigen-specific immune system responses thus
emerges as mechanisms that could account for
synergistic or antagonistic interactions during
parasitic diseases. To these must be added the pos-
sibilities for nutritional effects on nonspecitic or
generalized aspects of host resistance [1, 8, 16].
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Parasitic infections are incredibly varied and distinet in terms of interactions between
hosts and pathogens as well as in complexity of life cvele, host range, vector or in-
termediary host requirements, forms of reproduction, and elicited response. A number
of protozoan parasites are intracellular pathogens capable of surviving and mutiplying
within microbicidal cells such as macrophages. In contrast, nematodes generally do not
multiply within the host, a trait that dramatically alters the epidemiologic, clinical, and
immunologic consequences of infection. Parasites have acquired apparently effective
mechanisms tor ¢scape from normal host defenses and clearance. These mechanisms
may be classified as antigenic mimicry, antigenic depletion, antigenic variation, im-
munologic indifference, immunologic diversion, and immunologic subversion. A deter-
mination of the importance and relevance of these subterfuges to parasitic infection in
humans and to therapeutic or prophylactic strategies is of the utmost urgency.

The outcome of the encounter between a patho-
genic microorganism and a mammalian  host
depends on many factors. These include the size of
the inoculum (infcctious dose), the state of innate
or natural resistance {whether of specific immune
nature or nonspecific nature), the maltiplication
rate of the pathogen within the host. the mobiliza-
tion of host defenses to meet the challenge and the
ability of the organism 1o multiply or overcome
these protective host responses, and the virulerce
Factors possessed by the invader.

Playtair [1] has recently categorized the events
in parasitic infections into six levels of interaction
(table 1), The limited success in the development
of effective vaccines against most of these agents
can be attributed not only to those features of the
host-pathogen interaction that permit continuing
infection in the “immune host,” but in many in-
stances also to features that circumvent, modu-
late, or turn off the immune response [2]. A num-
ber of recent papers have reviewed these problems
[1-6]. The purpose of this paper is to provide a
conceptual framework for an understanding of
the uniqueness of parasitic infections and the im-
mune response.

Immune Mechanisms: General Overview

Elegant studies in recent years have amply demon-
strated the complexity of the immune systems of

Please address requests for reprints to Dr. Gerald T. Keusch,
Division of Geographic Medicine, Tufts-New England Medical
Center, 136 Harrison Avenue, Boston, Massachusetts 02111,
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mammalian hosts. Instead of the simple division
of the immune response into humoral and cellular
arms that was once aceepted, there exists a multi-
plicity of soluble factors and cell populations and
subpopulations, cach with regulatory and modula-
tory controls. These factors and cell types interact
with one another in sometimes mysterious ways,
largely through signals received at the cell surface.
Thus, the complexity stems not only from the
large number of distinctive components mnvolved,
but also from the fact that various types of coop-
cration may be required to perform different
immunologic tasks (or specific reactions, as mea-
sured in systems in vitro). Morcover, from a clini-
cal point of view, the system is redundant; several
responses may individually produce significant
protection. On the other hand, a summation of ef-
fects from differen: effector mechanisms may well
be essential to an adequate host response. “Experi-
ments-of-nature” immunodeficiencies provide ex-
amples of these principles.

Clear, quantitative relationships also exist be-
tween immune functions, as assayed in isolated
systems in vitro or in the in vivo milicu, and sus-
ceptibility 1o infection. However, these relation-
ships are not necessarily linear, for there are both
thresholds for functional consequences at one end
of the spectrum and “functional reserve” at the op-
posite end, not to mention amplification and feed-
back loops. In the context of the interaction of
parasitic agents and the immune sysiem, however,
the net result may be significant protective im-
munity, failure of effective immunity, irrelevant
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Table 1. Classification of events in parasitic infections.

Level Characteristics

| No invasion: natural resistance

2 Colonization.smutual benefit: symbiosis

3 Colonization.no disease: commensalism

4 Invasion.discasescuse: sterilizing immunity

5 Invasion.diseasesno cure.resistance to reinfection: concomitant immunity
6

Invasion.discase response.no resistance or cure: ineffective immunity

NOTE. Data are adapted from [1].

immunity, concomitant immunity, or cven im-
mune pathogenesis of disease.

Parasitic Infections and Discases:
General Overview

It must be emphasized that the classifying term
parasites, as commonly used, is meaningless. The
agents usually encompassed by the term come
from two distinct subkingdoms, the protozea and
the metazoa, that have little or no physical, bio-
logic, or physiologic similiarities. Even among
themselves the members of these individual
subkingdoms vary cnormously with respect to
complexity of life cycle, range for cither definitive
or intermediary host (it required), forms of
reproduction, requirement for arthropod vectors,
and immunologic responses.

Three features of the protozoa and metazoa are
particularly relevan to the immunologic responses
of the host. First, some of the virulent forms of
the protozoans are (apparently) obligate intracel-
lular pathogens, surviving and multiplying within
cells where they are protected from immune attack
by cither hunioral or cellular elements. Indeed, in
the case of Leis/lmania, the organisms proliferate
within the macrophage, a professional phagocytic
and microbicidal cell whose normal task is the de-
struction of, not the support of, pathogenic
microorganisms. This observation raises the issue
of the ability of certain parasites to evade the im-
mune response of the host. Second, with a few ex-
ceptions, the metazoan parasites of humans do
not replicate within the host. The clinical, im-
munologic, and cpidemiologic implications of this
fact are enormous [7]. Parasitism involving these
agents is a manifestly quantitative phenomenon,
dependent on the number of invading or ingested
infective forms that survive within the host, the
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Example in human host

Trypanosoma b: «cei
Gut flora
Entamoceha coli
Leishmania tropica
Plasmodium species
Trypanosoma cruzi

antigenic burden that worm load imposes on the
immune system, the physiologic consequences on
the functions of the target tissue (asymptomatic
infection vs. overt discase), and the number of
infective forms present in the environment. In
some examples (¢.g., the hookworms, Schistosoma
mansoni, and Ascaris lumbricoides), the majority
of human hosts are in fact lightly infected, com-
pletely or relatively asymptomatic, and nonim-
mune [8]. The acquisition of immunity is usually
critical for the survival of the host following infec-
tion with multiplying pathogens, but it may have
little or no impact on the response of the host to
nonreplicating helminths. Third, parasitic agents
may undergo dramatic transformations accom-
panied by changes in size, shape, and surface
characteristics within the human host [9]. Thus,
acquired immunity to one form may have no ef-
fect on another stage in the life cycle of the
organism,

Immune Responses of the Host to Parasites

Immune responses of helminths sufficient to result
in the expulsion of worms and cure can be docu-
mented in a few animal systems. These mecha-
nisms may involve secretory IgA (as against Taenia
taeniaeformis and Nippostrongylus brasiliensis)
(10, 11], 1gG (as against Hymenolepis nana) [12],
B cells (as against Trichinella spiralis) [13], T cells
(as aganist N. brasitiensis) [14], several of the
above [15], or the generation of a marked inflam-
matory response in the intestinal tract {3], which
may also be immunologically mediated and in-
volve cosinophils (as against 7. spiralis) [16].
However, helminthic infections of humans are
long-lasting, chronic processes, and immune
mechanisms, if present, cannot be very effective.

In the case of S. imansoni, the immune response
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to eggs released into the liver is the basis of the dis-
ease symptomatology. The critical problem results
from the formation of granulomas around the eggs
[17]. Studies on microcirculation in living animals
experimentally infected with S, miansoni show
minimal effects on the circulation of eggs im-
pacted in the portal venules carly in disease, but
dramatic alteration of blood flow when the gran-
ulomas form [18]. The formation of these gran-
ulomas is a cell-mediated immunologic reaction, in
which specific egg antigens interact with sensi-
tized T cells to release lymphokines affecting mac-
rophages and cosinophils, the major constituents
of the granulomas. The discase caused by S. man-
soni, hepatosplenic schistosomiasis, is thus immuno-
logically induced. The immune response may also
be responsible for the fibrosis that results; Wyler
et al. [19] have demonstrated fibroblast prolifera-
tion in response to soluble factors from granulo-
mas stimulated by soluble egg antigens.

Another immune response well illustrated by
schistosomiasis  is  concomitant  immunity, in
which the host infected with adult worms becomes
resistant to cercarical challenge. That this resis-
tance is induced by the adult can be demonstrated
by the transplantation of adults to a virgin host,
which then also becomes resistant 1o cercariae
without ever having been exposed to them before
[20]. However, this resistance does not result in
immune expulsion of the adults.

753

Evasion Mechanisms of Parasites

A number of organisms have evolved distinctive
mcchanisms for avoiding the consequences of the
immune response of the host (table 2). These
mechanisms appear to play a mejor role in the sur-
vival of the parasite [21].

Antigenic mimicry refers to the ability of the
pathogen to display host antigens on its surface
and thus masquerade as “self;” this phenomenon
is demonstrated by S. ma»<oni (22, 23]. In a fas-
cinating experiment, adult worms were grown in
mice and transferred to rhesus monkeys that had
been preimmunized against either mouse or gerbil
erythrocytes [20]. The fact that the adult schisto-
somes were able to survive exeept in those monkeys
previously sensitized to mouse antigens suggests
the presence of murine antigens on the surface of
the mouse-grown worm. Acquisitions by worms
of host constituents, such as blood group anti-
gens. oceurs over a period of days following pene-
tration of the skin by the invading schistosomula
{22]. Sher et al. [23] have also shown that murine
major histocompatibility complex (MHC)-antigens
were present on the mouse-grown worms. Another
example of antigenic mimicry is the ability of cer-
tain organisms to split immunoglobulins and to
coat themselves with immunoglobulin fragments,
such as Fab [24], or to bind the Fe portion of im-
munoglobulin and expose Fab still capable of anti-

Table 2. Escape mechanisms of parasites from protective host responses.

Escape mechanism

Antigenic mimicry

Coating of parasite by Ig fractions (fabulation)

Antigenic depletion Shedding of tegument

Capping and shedding of surface antigens

Antigenic variation

Immunologic indifference

Immunologic diversion Polyclonal B-call activation
Immunosuppiession
(a) humoral
(D) cellular

Immunologic subversion

Nature of response

Incorporation of host *‘self”* antigens into parasite surface

Sequential adoptive phenotypic variation

Example
Schistosoma mansoni
Tetrahymena pyriformis
Trypanosoma cruzi ()
S. mansoni

Leishmania

African trypanosonies

Intracellular survival within macrophages
(@) failure of lyvsosomal fusion
() escape from lysosomes
(¢) resistance to microbicidal events

Toxoplasma gondii
T. cruzi
Leishmania donovani

Plusimodium species

S. mansoni
S. mansoni
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gen recognition {25]. This ability both masks para-
site antigens and presents a screen of host “self™
antigens to the immune system.

Antigenic depletion refers to the stripping of an-
tigens from the surface of the parasite by a shed-
ding mechanism, such as that observed for the teg-
ument of S, mansoni [26], or the capping and
shedding of surface antigens, such as that de-
scribed for Leistunania enriertii [27]. In the latter
example, antibody capping and shedding re-
portedly results in the insensitivity of the organism
to the addition of fresh antibody and complement
[21]. Whether this mechanism is of real impor-
tance to the survival of intracellular srganisms like
Leishmania is unknown, but it might be very im-
portant to extracellular  organisms, such  as
nematodes.

Antigenic variation is the termi used in de-
scribing the periodic shifts in surface antigenic
composition of the African trypanosomes [28]. In-
fection with these organisms is characterized by
waves of parasitemia associated with variant sur-
face glycoproteins, Cloning  experiments  have
demonstrated that this phenomenon is not due
simply to selection of  antigenic variants by
antibody-induced selective pressure from an in-
itially mixed population, because single clones
undergo antigenic transtormation i sequence in
vitro in the absence of antibody [29]. Antigenic
variation has also been described in a number of
hemoprotozoa, including other genera such as
Plasmodium and Babesia [30)].

Several protozoa have apparently learned to
survive within the macrophage, either by prevent-
ing lysosomal fusion {31] or by escaping from an
already formed phagolysosome [32]. The situation
that results may be called immunologic indiffer-
ence. As in the example of Leishmania, these re-
markable organisms continue to grow within the
nhagolysosome [33], even though the macrophage
is sufliciently activated  to  climinate  certain
facultative intraceliular pathogens such as Livieria
monocvtogenes [34]. The capacity 1o survive
within activated macrophages is clearly a unique
property of some, but not all, intracellular patho-
gens. Among the parasites, Leislmania appear to
be the most efficient in this ability, but the mecha-
nism by which this occurs is not understood.

Recently, the trematode fluke, Zusciola bepatica,
has been shown to evade the effective immunity it
induces in rats by means of excretory/seeretory
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products that are toxic to host lymphocytes and
other immunocompetent cells {35]. The categories
of immunologic diversion, such as polyclonal
B-cell activation [36, 37], or of immunologic sub-
version, such as humoral or cell-mediated im-
munosuppression [38, 39], may aid the parasite in
its struggle against host defenses. However, the
meaning and importance of these observations to
the pathogenesis of discase are uncertain. Much
more remains to be done at the laboratory level,
but direct extrapolation of these results to the
human situation poses difficulties, which can be
expressed as the dual danger of the “nonmodel”
model and the “model nonmodel.” For example,
infection of mice with Plusmodium berghei, un-
like infection of humans with malaria, cntails an
overwhelmingly virulent organism which, none-
theless, relatively casily induces solid immunity. In
these teatures the system qualifies as a *“non-
model” model. As a “model nonmodel,” the ro-
dent nematode, N. brasiliensis, can be cited. This
worm causes a limited infection of the small bowel
in rats that is self cured by a T-cell-dependent,
mast-cell-mediated mechanism of worm expulsion
that results in immunity to reinfection. in con-
trast, nematode infections of humans are char-
acterized by their longevity and by the continuing
susceptibitity of the host to repeated infection.
This is not to say that immunity does aot occur,
but rather that it is not acquired with case. In both
types ol system an important distinction exists
between questions relevant to human infection
that can be studied and questions that can be
studied but are irrelevant.,
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Immune Responses in Parasitic Diseases. Part B: Mechanisms
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A number of host defenses provide variable resistance against parasites. From the
biological puint of view, invading parasites must not eliminate the susceptible host
population; therefore, antiparasite immunity plays an essential role in limiting the inva-
sion and proliferation of parasites. Several differences exist between immune responses
to parasites and immune responses to other microorganisms. Effector mechanisms in-
clude T Iymphocyte-mediated inflammatory granuloma formation and encapsulation
involving the deposition of fibrous tissue. In some instances, passive immunity can be
transferred by serum antibodi- . Antibodies may act via complement f{ixation,
granulocyte adhesion, opsonization, inhibition of invasion, or mast cell degranulation.
Of the nonspecific factors, macrophage activation, natural killer cells, and serum fac-
tors other than antibodies are critical in the battle against parasites. The net result of
these immune responses may be antiparasitic, proparasitic, of no consequence to cither

host or parasite, or harmful to the host.

The diversity of parasites potentially capable of
infecting humans makes it inconceivable that any
one antiparasitic cffector mechanism could be re-
sponsible for protective immunity. Thus, a variety
of immune responses can be mobilized to restrain
invasion and proliferation. and to ecliminate
parasites.

Understanding of immunity to parasites is still
limited and most data are derived from studies us-
ing laboratory host-parasite systems. Knowledge
of the precise iechanisms of protection and how
they fail in certain instances is not only of intrinsic
interest, but is also cssential for the development
of strategies of control. Several general concepts
must be considered in relation to host responses to
parasites: (/) parasitic agents are heterogencous;
(2) chronicity is a characteristic of most parasitic
infections, and persistent antigenic stimulation is a
major factor in host-parasite interactions; (3) the
mechanisms of evasion differ substantially from
those involved in prevention of reentry or in rejec-
tion of the parasites; (4) the immunologic accom-
paniments of chronic parasitic infection, e.g.,
immunosuppression and hypergammaglobulin-
emia, may by themselves have important function-
al consequences; (5) many parasites are in a state
of evolution and undergo significant genetic and
aatigenic variation within a relatively short time;

Please address requests for reprints 1o Dr. R. K. Chandra,
Janeway Child Health Center, St. John’s, Newfoundland,
Canada ATA IRS.
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(6) striking, genetically-determined variation in in-
nate immunity exists in natural hosts; and (7)
humans, as well as monkeys, mice, rats, and other
laboratory animals differ widely in their ability to
handle complex antigens such as those found in
parasites.

Host Resistance to Parasites

Resistance can be passively transferred from one
individual to another with antibodies and specific-
ally sensitized lymphocytes (table 1). There is good
evidence that spontaneous cure depends on thymus-
dependent immune response. Athymic animals
(nude micc, neonatally thymectomized murine
models) exhibit increased susceptibility to infec-
tion, as manifested by heavier burdens of para-
sites, increased proliferation of parasites, prolonged
infection, failure to develop immunity, or death.
However, this greater susceptibility is not invar-
iable. Also, protection cannot be correlated with
the extent of cell-mediated immune response or
levels of circulating antibody. The protective ef-
fect of vaccination against many parasites pro-
vides evidence for the role of immune responses in
host resistance. However, resistance need not and
does not have only an immunologic basis. More-
over, the scarch for effective vaccines is thwarted
by protozoa using antigenic variation as a para-
site-protective strategy and by those relatively se-
questered in protected sites such as inside cells,
cysts, or skin. The four tiers of resistance to para-



Immune Response: Mechanisms

757

Table 1. Some exar.ples of spontaneous cure and underlying mechanisms of immunity to intestinal helminths in

mouse and rat.

Transfer of protection with immunologic process

Parasite Lymphocytes* Serum Inflammation Reaginic antibody
Trichuris muris + + - -
Trichinellu spiralis + + + +
Aspiculuris tetraptera + + - -
Nippostrongyvius brasiliensis + + + +
Hymenolepis diminuta - - - -
Strongvloides ratti + + + +

* Often using mesenteric lymph node cells or thoracic duct

sites in vertebrate hosts are presented in table 2.
The net result of these responses may be (/) anti-
parasitic (or host-protective). (2) proparasitic (or
parasite-protective) and of no use to the host, (3)
of no consequence to cither host or parasite, or (4}
definitively harmful to the host and resulting in
pathology and discase manifestations. In this
paper, the subject of immune response to parasites
is briefly reviewed, with selected examples of the
extreme variety of effector mechanisms that the
host employs against parasites.

Effector Mechanissas

The chronicity of many parasitic infections and
the paucity of sterile and reinfection immunity
have led to the belief that several parasi‘ss are
poorly immunogenic. However, the use of sensi-
tive techniques has shown that immune response
occurs during all parasitic infections. The main
components of parasite-destructive  processes,
such as T cells, antibodies, phagocvies, and in-
flammatory response, are presented in table 3.

T Iymphocytes, The process of granuloma
formation around metazoan parasites is T-cell
dependent. It involves fibrous tissue deposition
and localized cellular infiltrate in which a variety
of inflammatory cells participate. For example,

Table 2. Types of resistance to parasites.

Innate resistance Induced immunity

Affords relative resistance to

Natural. Does not permit
establishment of infection.

parasites in already

parasitized hosts.

reinfection with homologous

lymph cells.

the inflammatory response to Schistosoma man-
soni eggs is a delayed hypersensitivity reaction
[11-13]. Lymphocytes, monocytes, and giant cells
accumulate. Deficicricies of protein, the B group
of vitan.ins, and vitamin C reduce the size and cel-
lularity of the granuloma. The practical implica-
tions of the nutritional modulation of granuloma
formation in regard to the incidence of clinically
manifest discase in areas of the world where both
undernutrition and schistosomiasis are rampant
are not known.

The reactions to Nematospiroides dubius larvae
in the gut wall [14, 15] and to Mesocestoides corti
larvac in the liver [16] are other examples of
T-cell-dependent encapsulation. The T-cell sub-
population involved is not known. In the case of
infection with M. corti in mice, at least seven steps
of the host-parasite interaction are T-cell depen-
dent, including eosinophilic infiltration in the
peritoncum, malabsorption, hepatic encapsula-
tion, antibody response, clevation of serum IgGl
levels, restriction of parasite proliferation, and
ultimately the survival of the host }17].

The sequestration achieved by the walling off of
the parasite has a protective effect. The survival of
the host is promoted by the encapsulation of
harmful substances produced by the parasite [18].
The proliferative rate of the parasite also may be

Modulating immunity

Curative immunity

Eliminates parasite.

Modifics parasite
antigenic expression.
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Table 3. Effector mechanisms of protection against protozoa.

T-cell
Parasite
Malaria - +
American trypanosomiasis ? +
African trypanosomiasis ? ?
Leishmania - -
Toxoplasma - +

* Representative examples of each type of effector response can be found in the references ci

reduced [19]. On the other hand, the encapsula-
tion may lead 10 manifestations of discase. This is
best illustrated by the response of tissue to
Schistosoma cggs [20]. Involvement of both anti-
body-mediated inhibition of T cells and T suppres-
sor cells has Leen proposed. Blast transformation
response is markedly depressed in the presence of
immune sera [21]. The contribution of various
T-cell subsets and the nature and effects of various
lymphokines in the regulation of immunoparasit-
ologic responses is not yet delincated.

Mucosal responses to intraluminal parasites
also are T-cell dependent. Depletion of T lympho.

eytes results in reduction in accumulations of

cosinophils, mast cells, and goblet cells. The ae-
tion may be initiated and inediated by lym-
phokines or T-dependent antibodies. Somie evi-
dence suggests that T cells and gut mast cells have
a common lincage. There is a paucity of data on
the route of absorption of parasite antigens and
the mechanisms by which the gut changes to a
secretory organ in the parasitized host. Elimina-
tion of intestinal metazoan and protozoan
parasites in mice is a T-cell-dependent process
(table 1), Homing of T cells and B lymphoblasis
destined to become IgA plasma cells is enhanced
during intestinal parasitic infections. The expul-
sion of some intestinal worms, c.g., Trichinella
spiralis, may require complementary action by
both lymphocytes and antibody. In nude mice,
both metazoan and protozoan parasites persist for
a long time. In multiply infected hosts the complex
interplay of factors may enhance or retard the ex-
pulsion of one parasite and at the same time have
the opposite effect on another parasite. Rejection
of parasites is promoted by T-cell-dependent
antibodies  and  T-cell-dependent inflammatory
responsc. In infection with N. dubius, the suscep-

Delayed
cytotexicity [1, 2}*  hypersensitivity [3] agglutinating [4-6}

Chandra

Antibodies

Complement-fixing,
neuiralizing, and Opsonizing

Blocking [7, 8] ecytotoxic [9, 10]

- + +
+ ? +
+ ? ?
+ ? +
+ ? +

ted.

tibility of individual strains of mice to chronic
parasitism is an important variable. Repcated ex-
posure to third-stage larvac or the systemic
implantation of adult worms induces T-cell-
dependent worm  expulsion and resistance to
reinfection in the females in some strains but
not others [22].

Antibodies.  Against some parasites, complete
immunity can be achieved by passive transfer of
immune serum. The complement-fixing antibodics,
particularly 1gG2, are cffective against the carly
stages of parasites, that is, oncospheres and lar-
vae. For example, in the infection of rodents with
the larval cestode Tuenia taeniaeformis, comple-
ment-fixing 1gG antibodies mediate host protec-
tion [23]. Interestingly, host resistance of different
inbred strains correlates with ability to mount a
rapid antibody response. On the other hand, the
production of anticomplementary activity in the
cyst promotes the evasion of immune response
[24]. Purified 1gG2 antibodies from immune sera
transfer protection from reinfection 1o nude recip-
ients. Similar cffects may be achieved by IgGl
antibodices from scra of infected animals; this in-
fluence may be mediated by neutralization of anti-
complementary activities in the larvac or by
destabilization of mast cells. The result is an in-
crease in vascular permeability for other an-
tiparasitic molecules and ¢ells.

A second mechanism by which antibodices pro-
vide protection against parasites depends on
granuloeytes. The binding of leukocytes to anti-
body-coated larvae is an important first, though
not always cssential, step prior to phagocytosis.
Enzymes released by granulocytes can destroy ear-
ly stages of parasites. Young larvac of S. mansoni
and T. spiralis are extremely susceptible to IgG-
dependent eosinophil-mediated damage [25, 26].
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In these responses, complement components may
act enhancing molecules promoting the efficiency
of kill. The combination of antibodies (possibly
anticuticular  IgM) and granulocytes has a
synergistic effect for the destruction of Dipeta-
lonema viteae microfilariac in hamsters [27].

Antibodies over mucosal surfaces may prevent
the attachment of infectious agents to the epithe-
lial cells and impair aniigen absorption. IgA as well
as other isotypes of immunoglobulins may be ac-
tive, as is particularly evident in the case of intes-
tinal cestodes. For example, local 1gA antibodics
protect mice against infection with 7. taeniafor-
mis [23]. Colostrum-derived anti-oncospheral lgA
antibodies prevent mucosal penetration by hatched
and activated oncospheres. On the other hand,
lgG but not 1gA antibodies are protective when
given parenterally,

Antibodies can also inhibit the invasion of red
cells by protozoan parasites such as Plasmodium
[28] and Babesia. Antibody-mediated neutraliza-
tion of enzymes and other destructive molecules
released by parasites may be protective. Finally,
reaginic IgE antibodies are often eclevated in
parasitized hosts; these are considered helpful in
the elimination of parasites, presumably via mast-
cell degranulation and immediate hypersensitivity
responses. In the case of many intestinal parasites,
c.g., Nippostrongvius  hrasiliensis, the initial
damage by antibody is followed by T-cell partici-
pation resalting in expulsion of the worn.

Recent studies have shown that a rheumatoid
factor-like IgM may confer protection by enhanc-
ing 1gG response. Rats infected with Trypano-
soma lewisi respond by producing an ablastin 1gG
antibody that inhibits reproduction of the parasite
by blocking cell division and that lacks cytotoxicity.
The antibody induces metabolic and morphologic
changes. [gM antibody response occurs late in the
course of disease and terminates the infection,
leaving the animals with lifelong immunity. The
serum of lactating rats that have never been in-
fecied with the parasite also contains the rheuma-
toid factor-like 1gM autoantibody [29].

Other defense mechanisms.  These protective
processes do not depend upon the recall of 1 speci-
fic immune response initiated by a previous expo-
sure. Nevertheless, these mechanisms do show
some measure of specificity in that they distin-
guish between different types of org :nisms. In this
context, it may be more appropriate to use the
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term “natural resistance.” At the very outset, we
should recognize the natural immunity is strongly
modulated by genetic factors. The successful
establishment of parasitism is possible only in a
restricted number of host species, strains, and
breeds [30]. For example, susceptibility to infec-
tion by Leishmania donovoni in mice is governed
by alleles at a single or closely linked locus, mapping
away from the major histocompatibility locus and
situated cn the same chromosome as the locus
governing susceptibility to Salmonella typhinur-
i [31].

Innate immunity may depend upon the environ-
mental conditions within the potential host. For
example, different species of Plasmodia invade
different  stages of erythrocytes presumably
related to variations in the intracellular environ-
ment [32], including hemoglobin, glucose-6-phos-
phate dehydrogenase, etc. In addition various
cellular and humoral factors confer natural
resistance. Some of these factors are also modu-
lated by environmental influences.

Macrophages. Macrophages participate both
in antigen-specific  and  nonspecific  immune
responses, but principally in the laiter. Phagocytes
of the host provide a home for the survival and
proliferation of many protozoa, e.g., Toxoplasria
gondii, Tryvpanosoma cruzi, and  Leishmania
species. The parasites evolve methods of dealing
with the intracellular environment, which is gen-
crally inimical to pathogens. In fact, for some
parasites pathogenicity may depend on the ability
to grow in activated macrophages. In specific in-
stances, there is failure of phagosome fusion with
lysosomes (for example, T. gondii), escape into
cytosol, (Tor example, 7. cruzi and Mycobacterium
leprae), resistance to lysosomal enzymes, and
reduced expression of surface H-2 molecules (for
example, Leisimania specics).

The initial steps in the interaciion between
macrophages and parasites involve recognition,
adhesion, and phagocytosis. The activation of
complement by parasites may generate chemotac-
tic molecules that attract phagocytes at the site of
action. For some organisms, c.g , Leislmania and
Trypanosoma, ingestion in vitro can proceed in
the absence of serum factors [33, 34]. Pretreat-
ment of phagoceytes with chymotrypsin, which
does not influence complement-mediated phago-
eytesis of red cells but blocks the attachment and
phagocytosis of 7. cruzi, suggests that C3b recep-
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tors are not essential for ingestion. Recent data
[35] contradict earlier suggestions that parasites
must be oriented in a specific manner during the
process of engulfment. However, the formation of
a microfilamentous mesh is an important pre-
requisite because this step is blocked by cytocha-
lasin .

The parasitophorous vacuole is lined by 4 mem-
brane derived essentially from the plasma mem-
brane of the host cell. The size of the vacuole
relative to that of the parasite can vary consider-
ably. Fusion of vesicles as well as influx of fluid
into secondary lysosomes can alter the size of the
vacuole, but the significance of these processes
and of vacuole size for the survival of intracellular
parasites is not known.

The next steps of fusion with primary or secon-
dary lysosomes, generation of microbicidal activity,
parasite inactivation, and digestion or extrusion
are enhanced by macrophage activation. Ceartain
parasites, on their part, have evolved mechanisms
for cvasion of the lethal effects of phagosome-
lysosome fusion. Some of these mechanisms are
inhibition of phagolysosome formation, resistance
to the intralysosomal milicu, and escape to ex-
travacuolar spaces. The cytotoxic mechanisms of
macrophages include hydrolytic en. . mes and syn-
thesis of highly reactive oxygen metabolites in-
cluding the superoxide anion, hydrogen peroxide,
singlet oxygen, and hydroxyl radicals. Morcover,
activated macrophages release factors or induce
other cells to release products that inhibit cell
membrane transport processes.

Natural killer (NK) cells. Recent investiga-
tions have shown that certain populations of lym-
phoid cclls from nonimmunized donors exhibil
cytotoxicity against a varicty of target cells, in-
cluding purasites and parasitized host cells. The
heterogencity of the NK cells is becoming ap-

Table 4. Some mechanisms of evasion adopted by protozoa.

Parasite
Malaria

American trypanosomiasis
African trypanosomiasis
Leishmania

Toxoplasma

+ 4+ o+

Chandra

parent. They vary in size from small to medium
lymphocytes and have poorly detectable surface
immunoglobulin and C3 receptors and low density
of Thy-1.2 antigen. The activity of NK cells is in-
dependent of a functioning thymus; in fact, some
evidence suggests that the thymus may have a sup-
pressive effect on NX cells. Natural cytotoxicity is
significantly controlled by genetic factors. The
role of NK cells in hemoprotozoan infections is in-
dicated by the observation that the mouse strains
extremely vulnerable to Plasmodivin chabaudi and
Babesia microti infections are those with the
lowest NK cell activity [36, 37]. An increasce in the
activity of NK cells can be observed in the spleens
of those infected animals who survive the parasite
challenge. Inoculation of infected nude mice with
spleen cells from syngencic, recovered, normal lit-
termates permits the recipients to climinate the
parasite rapidly [36]. Since depletion of B cells and
adherent cells by nylon-wool columns, depletion
of T cells by anti-Thy 1 antiserum and comple-
ment, and immune serum have no influence on
this phenomenon, the protection must depend on
NK cells. Furthermore, recruitment of precursor
cells via interferon or other mechanisms may fur-
ther increase cytotoxicity.

Serum factors.  Fresh serum from nonsensi-
tized animals may be toxic for various parasites
[38]. However, if parasites rapidly penetrate host
cells, they are protected from serum damage. The
nmicchanisms of serum toxicity are not clear. Both
natural antibodies and complement may partici-
pate [39, 40]. Parasites themseclves can activate
complement by both alternate and classical path-
ways [25].

Other factors. Other antiparasitic effector
mechanisms are involved in nonspecific protective
immunity induced by substances such as bacille
Calmette-Guérin vaccine. The identification and

Intracellular localization  Antigenic change Immunodepression Polyclonal activation

+ + +
4 + +
4 + +
? ? +
? ? ?
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characterization of these mediators, many of
which are derived from inflammatory cells, are the
focus of current studies.

Concluding Remarks

In the struggle between humans and parasites, the
various host protective mechanisms are important
determinants of the final outceme: disease or sur-
vival.  The repertoire of immune responses
mounted by humans is often maitched by the can-
ny mechanisms of survival and proliferation
shown by parasites (table 4). Studies have demon-
strated that protective immunity is compromised
when the host is malnourished or has multiple or
repeated infections. These problems are especially
common in developing countries with rampant
poverty and poor sanitation. Morcover, we must
recognize the profound itamunodepressive effects
of parasitic infections. which by themselves may
allow infection 1o persist. Several mechanisms
have been suggested, including nonspecific sup-
pressor cffects mediated through macrophages
and the generation of suppressor T lymphocytes.

The recent application of modern immunologic
concepts and techniques to parasitic infections has
yielded important fundamental and practical
knowledge [41-51]. there remain many unre-
solved, pertinent problems, such as the purifica-
tion of the relevant parasite antigens, the role of
lymphocyte subsets in protective antiparasite im-
munity, the production of effective vaccines, clc.
Ideally, judicious application of the available in-
formation ultimately will result in effective con-
trol of the parasitic diseases of man and domestic
animals, with resultant profound economic and
health consequences across a wide belt of Asian,
African, and American countries.
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This paper reviews the major steps in alimentaticn, digestion, and absorption, which
must be intact as a basis for normal nutrition, and discusses evidence relating parasitic
infection in humans to effects on intestinal physiology. Parasites, with their ability to
induce systemic toxicity and fever, to release active and toxic substances into the in-
testinal lumen, 1o compete for certain nutrients, to cause both functional and structural
changes in the intestinal mucosa, and to stimulate hypermotility, which lessens the time
available for digestion and absorption, can influence the alimentary process at almost
every one of its steps. However, parasitic infection is likely to exert its most important
impact at the very first step of the alimentary process, by adversely affecting the intake
of food through any of a variety of mechanisms.

In order to influence the nutritional status of the
host, parasites must affect one of the following
processes: the intake of food, its subsequent diges-

tion and absorp' dn, the final disposition of

nutrients in body soructure and metabolisw, or the
maintenance of nutrient pools. The structural and
functional impact upon the digestive tract is ob-
viously a critical determinant of the extent to
which parasitic infection influences the nutritional
siatus of the host [1-3]. Table | provides some ex-
amples of the effects of various parasitic infec-
tions on intestinal physiology. This paper reviews
the relevant digestive physiology with special at-
tention to those functions that are or might be in-
fluenced by infection with helminths or protozoa.
The highly variable range of effects, from minimal
to grave, on host physiology directly reflects the
variability in the intensity of infection or parasite
load.

An Overview of Alimentary Physiology

A brief overview of alimentary physiology may
serve as a useful introduction to a discussion of
the altered physiology caused by parasitic infee-
tion. This physiology can be conveniently divided
into four arcnas: (/) appetite and cating behavior;
(2) events in the gastrointestinal lumen, beginning
with swallowing, which leads to the mixing of
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food with gastric, pancreatic, biliary, and intes-
tinal secretions, then progressing to digestion and
propulsion to appropriate locations in the in-
testine for absorption; (3) cellular evenis in the in-
testinal mucosa, including the teriinal digestion
of sugers and proteins, the uptake of nutrients
from the intestinal lumen, the processing of nu-
trients (as in the resynthesis of triglycerides during
fut absorption or in the conversion of vitamins to
ceenzyme forms), the release of nutrients for
return to the circulation, the generation and
release of hormones, which may influence not
only gastrointestinal secretions but also motility
and even the subsequent disposition of mutrients:
and (4) circulatory events, including the return of
nutrients to the circulation in cither the mesenteric
venous circulation or the intestinal lymphatics,
and also the subsequent enterohepatic circulation,
The enterohepatic circulation involves nutrients,
endogenous substances, or drugs that perfuse the
liver in the portal circulation, are taken up and ex-
creted in the bile, and then reabsorbed and returned
in the portal circulation. Qur understanding of the
importance of this enterophepatic circulation for
the maintenance of circulating nutrient pools is
growing,

Food Intake and Anorexia

An area of great importance for this or almost any
discussion of the effect of disease on nutritional
status is one about which we have incomplete
physiological understanding: the control of appe-
tite and the cause of anorexia. Discussions of in-
dividual parasitic infections often refer to effects
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Table 1. Some examples of the effects of parasitic infection on intestinal physiology.

Stage or site Effect
Food intake Anorexia
Swallowing Achalasia
Stomach Achlorhydria/hypochlorhydria
Liver Biliary obstruction
Pancreas Obstruction
Impaired protein digestion
Intestine Altered motility

Competition for nutrients
Bacterial overgrowth

Local irritation (damage) and nutrient

malabsorption

Mucosal damage resulting in endogenous

losses
Obstruction of lymphatics
Diminished venous return

on appetite and food intake without much insight
into the mechanism. Space does not permit a dis-
cussion here of current coneepts of the control of
appetite and satiety in man, but it is pertinent to
our discussion that, in addition to psychological
factors, the intake of food is influenced hoth by
events in the central nervous system and by local
events in the gastrointestinal tract, most impor-
tantly those related to propulsion and motility.
Systemic efieets of parasitic infection, including
fever, toxicity, and metabolic and hormonal alter-
ations, can certainly influence the central nervous
control of appetite and local aspects of gastric
emptying, and the mass effect or irritation from
intestinal parasites can influence intestinal propul-
sion and motility. Whatever the mechanism (and
we need to learn more about the mechanism by
which parasitic infections and infections in general
influence iceding behavior), the lowered intake of
nutrients, contrary to the common caricature of
the hyperphagic host with intestinal 1apeworms,
may be the most common and most important
cause of deficits of calorics and other nutrients in
the presence of parasitic infection. Virtually cvery
parasite considered in this workshop influences
food intake by either a systemic effect or perhaps
a local effect on the gastrointestinal tract.
Dietary intake has generally not been measured
as an independent variable, nor has intake been
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Purasite
Most protozoa and helminths
Trypanosore cruzi

Giardia lamblia, Diphyllobothrium
latunt, hookworm

Ascaris lumbricoirdes

A. lumbricoides

G. lambliu, A, lumbricoides

Trichinella spiralis

D. latum

G. lamblia

A. humbricoides (heavy load), G. lamblia,
Isospora hominis, Capillaria philip-
pinensis, Strongyloides stercoralis

C. philippinensis, S. stercorulis,
hookworm

Schistosomua mansoni

Plasmodium knowlesi

controlled in most studies of nutrition and infec-
tion. In the United States, the nutritional status of
refatively well-nourished children scemed little af-
fected by infection with Ascaris [4]. In contrast,
in rural Nigerian children intakes of energy and
protein decreased significantly as the severity of
parasitic infection increased [5]. In fact, the intake
of energy decreased significantly with only a
moderate, single infection [5]. Experimentally,
heavy infection with Ascaris sunm produced a sig-
nificant reduction in rates of geowili und intake of
food in young protein-deficient pigs, with im-
paired digestion of fat and retention of nitrogen
[6]. The nutritional impact and the benefits of
trcatment are likely to be greatest for those with
heavy parasite burdens and preexisting marginal
intakes of protein and/or energy.

Events in the Gastrointestinal Lumen

We might begin by noting the capacity ol one
parasite to influence the function of swallowing.
Chronic infection with 7. cruzi (Chagas’ discase)
destroys the neural plexuses in the esophagus and
produces a swallowing disorder almost indistin-
guishable from idiopathic achalasia. Anatomical-
ly, the next potential locus of interference in
luminal events is in the stomach, which functions
both in the secretion of acid and pepsin and in the
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mixing and emulsification associated with the
churning movements of that organ. Achlorhydria
or hypochlorhydria has been discovered in pa-
tients with parasitic infection {7); such a diminu-
tion in the production of gastric acid could in-
fluence subsequent digestion and release of hor-
mones. Loss of gastric acid could also interfere
with the maintenance of a relatively bacteria-free
intestinal lumen because a low pH is one of the im-
portant factors in the suppression of intestinal
bacterial overgrowth [8]), Whether parasites in-
fluence the secretion of gasiric acid by direct
damage 1o the parietal cells or the antral cells that
produce the hormone gustrin or by other meta-
bolic or svstemic evente has not been established.
A most important consideratiorn is that most stud-
ies that have demonsirated effects of intestinal
parasitic infection on the secretion of gastric acid
have been carried out in patients with multiple in-
fections and considerable degrees of malnutrition.
In such cases, it is unclear whether the infection or
the malnutrition or the combination of the two is
responsible for the changes in gastric physiology.

The controlled release of food from the
stomach into the proximal small intestine, a pro-
cess that is critical 1o normal digestion, may also
influence feeding behavior. Protozoa such as
Giardio or helminths such as Ascaris, which cause
irritation and hyperactivity of the proximal
intestine and the gastric pylorus or a mass effect in
the lumen, could be responsible for anorexia as
well as for altered digestion, especially when they
are migrating in response to irritant food or fever,

The secretion of bile by the liver is a complex of

synthetic, metabolic, secretory, and circulatory
events. This process can be influenced by damage
to the circulatory system or to the hepatocyte, as
in late-stage schistosomiasis, or by interference
with the mechanical release of bile into the in-
testinal lumen, as in the obstruction of the biliary
duct in infection with Clonorchis or Ascaris.
Similarly, in severe ascariasis, obstruction to the
flow of pancreatic juice, bicarbonate, and en-
zymes may impair the digestion of fats, starches,
and protein [9]. While little current evidence sug-
gests that parasitic infection produces direct
damage to or inhibition of pancreatic acinar cells
or of the flow of pancreatic fluids [10], some
reports indicate that certain intestinal parasites,
Giardia and Ascaris for example, produce en-
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zymes capable of interfering with or even digesting
pancreatic proteases such as trypsin and chymo-
trypsin [11]. One enzyme produced by Ascaris is
called “ascarase.”

Intestinal motility deserves some emphasis here
since the process of digestion in the lumen of the
intestine requires not only the release of biliarv
and pancreatic juices, but also proper mixing with
the food in the proper location for subsequent ab-
sorption of the products of digestion. An addi-
tional intraluminal factor is the time available for
digestion and absorption of nutrients. Good
studies of motility are lacking, but the impression
is that some intestinal helminthic infections result
in intestinal hyperactivity, which may lead to
anorexia and, perhaps equally important, limit the
time available for digestion and absorption. Rats
infected with  Trichinella spiralis  experienced
significant speeding of intestinal transit with in-
creased propulsive activity [12].

Another important aspect is the impact of
luminal parasites or associated bacterial over-
growth on the nutrition of the host. In addition to
producing meclabolites or proteins that can inter-
fere with the digestive enzymes in the lumen of the
intestine, the parasite may compete with the host
before the absorption, assimilation, and utiliza-
tion of nutrients from the lumen. The competition
of the fish tapeworm Diphyllobothriim tatum for
vitamin By, [13] is the best demonstration. Clear-
ly, such competition is more significant for micro-
nutrients, which are present in the diet and in the
lumen in microgram amounts, than for macronu-
trients, of which the small uptake by the parasite
might make only a miniscule difference in the
overall distribution of the nutrient between host
and parasite. When the content of the parasite and
its products arc measured in the stool as an index
of the utilization of nutrients, the percentage of
total utilization of protein is calculated to be small
[14], except in the case of heavy loads of Ascaris
[15]. The potential for competition for micronu-
trients, including trace metals, beyond the well-
documented loss of iron due to bleeding from
hookworms, deserves further study.

An interesting association has been made be-
tween giardiasis and other intestinal parasitic
infections with intestinal bacterial overgrowth
[16]. When bacterial overgrowth is severe, it can
produce significant disruption of bo.h digestion
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and absorption of fat as a result of effects on
luminal bile salts and of competition for micronu-
trients such as vitamin B, {17, 18]. The unscttled
question here is whether the bacterial and parasitic
infections are related causally. Few studies have
been done in which the two kinds of infection have

been controlled independently. Certainly some of

the intraluminal eifects that have been aitributed
to intestinal parasites and even some of the thera-
peutic effects of metronidazole (which is also po-
tent against anacrobes) in giardiasis may well be
due to effects on intestinal bacterial overgrowth in
the same populations [19].

Morphology and Function
of the Epithelium

The direct toxic effects of intestinal parasites on
the gastrointestinal epithelium are unclear be-
cause, once again, these effects can be attributed
to the parasites, to associated bacterial over-
growth, or to associated malnutrition. The degen-
crative and inflammatory morphologic changes in
the intestinal or gastric mucosa that have been
observed in the presence ol intestinal parasites
may be related to other factors, bacterial or nutri-
tional, or to endemic tropical enteropathy in the
underlying population, rather than to the parasites
themselves. Note that most of the studies demon-
strating diffuse morphologic changes in the intes-
tine at biopsy have not used adequate controls
for the underlying tropical enteropathy in these
populations; good morphologic studies before and
after deworming are very difficult and rare.

In certain cases, however, the direct effects of

the parasites on the mucosa are well established
and well studied. Examples include  Giardia
lamblia, which appears to attach itself to the intes-
tinal mucosa and to produce local damage [20],
and severe infection with Strongvloides. Other in-
testinal parasites probably produce some damage
to the intestine both by local irritation [21] and,

perhaps more importantly, by the production of

toxic metabolites.

Functionally, tosic effects on the intestinal
epithelium are reflected not only in absorptive but
also in digestive abnormalities. The brush border
of the intestinal mucosa, which faces the lumen, is
respensible for critical terminal events in diges-

Rosenberg and Bowman

tion, including the digestion of disaccharides and
oligosaccharides, as well as the digestion of pep-
tides, which are the products of pancreatic pro-
teasc action. Thus, damage to the intestinal brush
border surface results in inability to digest lac-
tose, sucrose, to some extent maltose derived from
starch, and the peptide products of protein dipes-
tion, in addition to the inability ‘o absorb amino
acids, sugars, vitamins, and minerals [22]. Dam-
age to the distal small intestine uniquely impairs
the intestinal absorption of vitamin B, and the
recirculation of bile salts. Evidence is increasing
that certain minerals may be absorbed throughout
the small intestine, in which case lesions confined
to the distal intestine may be less important in the
overall mincral balance. Extensive damage to the
enterocyte impairs its ability to take up, store,
transport, «nd process nutrients for release into
the circulation,

One other feature of the direct toxicity of para-
sites to the intestinal epithelium is the loss of the
mucosal integrity, with the subsequenr leakage of
nutrients into the intestinal lumen and their later
loss in the stools. This process is well documented
in the case of hookworm, in which the loss of
blood is the basis for iron deficiency and also the
vehicle for the loss of other trace metals and
micronutrients. Sufficient damage to the intestinal
epithelium may cause substantial loss of plasina,
which may produce a protein-losing enteropathy
with an impact on protein balance more important
than the impact on protein malabsorption [23,
24]. Intestinal parasites may, by direct irritation or
by the production of toxins, produce intestinal
seeretion of water and electrolytes, which results
in diarrhea and mineral deficits [3].

Entero-Systemic-Hepatic Circulation

Finally, the absorbed and processed nutrients
must enter the mesenteric or lymphatic circulation
for return to the systemic circulation. Intestinal
lymphatics are the most important for the return
of fats and some fat-soluble vitamins, but recent
rescarch indicates that the mesenteric venous ¢ir-
culation is an important route of return for certain
lipid substances and certainly for water-soluble
materials. Schistosomes that invade intestinal lym-
phatics and cause lymphatic obstruction [25] may
impair the return of fats to the circulation and
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thus cause malabsorption of fats. Malarial para-
sites may cause constriction of the mesenteric mi-
crocirculation, which in turn causes a backup of
nwirients in the intestine, with coincident malab-
sorption [26].

Certain nutrients, including some of the
vitamins, are involved in an enterohepatic circula-
tion that depends on the integrity of the liver, the
biliary tree, and the intestine for maintenance of

the circulating body pool [27]. The effects of

parasites on this enterohepatic circulation have
not been studied but could also affect the nutri-
tional status of the host.
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Adverse Metabolic Effects of Antiparasitic Drugs

Michael Katz

From the Departmeni of Pediairics, College of Physicians
and Surgeons, Columbia University, and Babies Hospital,
New York, New York

Several drugs are available for mass campaigns against enteric helminths. Mebendazole
and pyrantel pamoate are quite effective against ascariasis and reasonably etfective
against the hookworms. Only mebendazole is effective against trichuriasis. Two drugs
have recently been introduced for mass therapy of schistosomiasis, but they remain ex-
perimental, pending further evaluation. Other drugs are mentioned, and possible
adverse metabolic effects are discussed. The fundamental question remaining is whether
the cradication of certain parasites will improve the nutritional status of the infected

populations,

This review presents an analysis of adverse ef feets
on the metabolism of the host of otherwise benefi-
cial therapy against parasites. Since the issuc here
concerns the prevention of malnutrition and not
clinical medicine, 1 discuss only those drugs that
are likely to be used in mass campaigns against
parasites. 1 do not consider, therefore, the highly
toxic drugs used in individualized therapy of cer-
tain parasitic infections, Neither do I deal with
sonie ol the older drugs that have been used in the
recent past, because they have been supplanted by
better ones,

Two exceptionaily effective anthelninthics are
mebendazole and  pyrantel pamoate.  Against
Enterobius vermicularis, the ubiguitous pinworm
or threadworni, cither drug is eftfective; against
Trichuris trichuria, only mebendazole is effective.
Against roundworms and hookworms, beth are
effective, but the advantage of a single dose of
pyrantel pamoate over two daily doses for thice
days of mecbendazole is obvious.

Pyrantel pamoate [1] is a pyrimidinz type of
drug, available as a crystalline salt; it is virtually
insoluble in water or alcohol and is poorly ab-
sorbed. At lcast 85% of the administered drug can
be recovered in the stool; the remainder appears in
the urine, either intact or partially metabolized. It
has a nicotinic action in the helminths, depo-
larizing the myonecural junction and thus para-
lyzing the worms in a spastic state. Morcover
it inhibits the cholinesterases. Piperazine, the

Please address requests for reprints to Dr. Michael Katz,
Department of Pediatrics, College of Physicians and Surgeons,
Columbia University, 630 West 168th Street, New York, New
York 10032,
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drug once commonly used against Ascaris lum-
bricoides but now largely supplanted by the other
drugs, acts by causing hyperpolarization of the
myoneural junction, paralyzing the worms in a
flaccid state. These two drugs are antagonistic and
sheald never be used together.

In the conventionally prescribed doses, pyrantel
pamaoate is truly free of side effects for the host,
When given experimentelly to rabbits in excessive
doscs, it does to them what it does to the worms;
i.e., it causes neuromuscular blockade. A similar
effect could probably be induced in humans, but
the necessary toxicity could be achieved only
through parenteral administration; an oval toxic
dose would be virtually unconsummable, and a
smaller but still excessive dose would induce
nausea and vomiting long before causing neuro-
muscular blockade.

Mebendazole [2, one of the benzimidazoles,
also dissolves with difficulty and is poorly ab-
sorbed. Only 10% of the administered dose is
recovered in the urine. Its mode of action is quite
different from that of pyrantel pamoate: it irrcver-
sibly inhibits glucose uptake by the helminth
without in any way inhibiting glucose uptake by
the host, even if given in very large doses. Most
important, it has shown no toxic effects even in
malnourished and anemic children [3].

A drug to be used with caution is thiabendazole
[4}. Although unlikely ever to be used in mass
campaigns, thiabendazole may well be admini-
stered under supervision to some populations with
strongyloidiasis because, although far from an
ideal medication, it is the only drug available for
this infection. The mode of action of thiaben-
dazole is unknown. It is insoluble in water but
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easily dissolves in acids and alkali and, therefore,
is readily absorbable. Only 10% of the ingested
dose is excreted in the stool; the rest is excreted in
the urine. Thiabendazole causes a number of
troublesome side effects. Nausea and anorexia are
frequent, although not longlasting because the
therapy is brief. The drug also causes some paren-
chymal liver damage, as indicated by the rise in
level of hepatic enzymes in the serum. It is prob-
ably contraindicated in patients with liver disease,
but no guidelines exist. Two anecdotal reports
have attempted to correlate use of thiabendazole
with Guillan-Barré syndrome [5], keratoconjunc-
tivitis sicca, and cholestatic jaundice [6].

Therapy of infections with most tapeworms can
be effectively accomplished with niclosamide [7],
which is appropriate for mass campaigns. Insolu-
ble in water and unabsorbable, it acts by in-
terference with glucose uptake by the worm, but
has no adverse effects on the host.

Mass therapy against schistosomiasis in selected
populations may soon be possible. Two drugs are
now available and each is a good candidate for
such therapy. Oxamniquine [8], an hydroxytetra-
hydroquinoline, cures schistosomiasis at rates ap-
proaching 90% when it is administered im. Oral
therapy gives cure rates of 70%-90% in adults,
but of only 30% in children. Larger doses in
children achieve cure rates of 80%. This drug is
toxic to the central nervous system and induces
dizziness, drowsiness, and even hallucinations.
Although these side effects are not frequent, their
seriousness must be assessed before the drug can
be accepted for general use.

Metrifonate [9], an organophosphate, is also
quite effective against schistosomiasis, producing
50% cure rates and substantial reduction of egg
output in 90% of the recipients [10]. It has a po-
tential for toxicity because of its action against the
cholinesterases, but its indirect effect is achiceved
through a product of metabolic transformation,
dichlorovos. Like oxamniquine, it requires evalua-
tion before it can be recommended for mass
therapy.

There are currently no agents that could be used
as prophylactics against amebiasis or giardiasis.
Nor are there agents that could be useful in
therapeutic campaigns. Nevertheless, Giardia
famblia, by causing malabsorption, can be respon-
sible for malnutrition in individual patients, and
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supervised treatment of groups of people may be
necessary. Either metronidazole or quinacrine can
be used for this purpose, although because both
drugs are associated with troublesome side effects,
they are far from ideal. Moreover, metronidazole
has the theoretical danger of oncogenicity because
it has been shown to be mutagenic to bacteria [11]
and oncogenic in rodents [12]. Still, each drug
cures 80% of infected individuals.

Chloroquine, which can be used in mass cam-
paigns against malaria, is relatively free of toxicity
as long as it is used in the small doses appropriate
for aniimalarial propnylaxis. In an experimental
study [13] in animals and in vitro, chloroquine was
shown to inhibit gastric motility. There is no
evidence that this phenomenon has a parallel in
man. One recent report has indicated that chloro-
quine enhances the expression of Epstein-Barr
virus [14].

Pyrimethamine and the related antagonists of
folic acid used in therapy of malaria have the
potential to induce megaloblastic anemia.
However, when used in the prescribed doses, these
drugs hiave not caused any clinical problems at-
tributable to their effect on hematopoiesis.

Finally, we must bricfly address the potential
toxicity for man of those insecticides used for the
cradication of vectors of diseases and, in topical
administration, as therapy against ectoparasites.
Chlorophenothane (DDT) has a half-life of
several decades. When used in the environment,
DDT permeates all mammalian tissues, becomes
part of the food chain, and is excreted in human
milk. Experimental administration of this chemi-
cal to animals has resulted in a myriad of toxic ef-
fects, ranging from liver damage through the
development of ependymomas to disturbances in
the estrous cycle and reduction in libido. In hu-
mans, too, it has in sporadic instances caused
serious idiosyncratic reactions, such as polyarteri-
tis nodosa and aplastic anemia. Yet there is no ob-
jective evidence that it has caused direct adverse
effects in human populations [15]. The other in-
secticides are less problematic, although some,
¢.g., benzene hexachloride (Lindane®) may be tox-
ic if they are absorbed through the skin.

Before closing, I must raise for our considera-
tion certain recent activities, particularly in
Southeast Asia, directed toward mass campaigns
against helminthic parasites. These campaigns are
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based on periodic mass administration of an-
thelminthics to large segments of the infected
populations. Although the use of cither pyrantel
pamoate or mebendazole alone at intervals of four
to six months has been reasonably effective [16],
this form of therapy has not been wholly satisfac-
tory against hookworm and 7. tricluria. Conse-
quently, recent trials have combined these two
drugs [16]. For cconomic reasons, certain in-
digenous herbs can also be tested as possible an-
thelminthics. Although both types of programs
may well turn out 1o be quite effective, we must be
alert to the possibility that a combination of two
drugs, cach of which is considered safe when given
alone, can be toxic, and that the use of any new
drugs without proper facilities for the assessment
of their toxicity is riskv.

In summary, my message is rather optimistic.
There are effective drugs against many parasites
of humans and in most cases these drugs are rela-
tively safe. Indeed, the risk : benefit ratio, for
once, seems favorable to our cause! The funda-
mental question remaining is whether eradication
of some of these parasites will improve the nutri-
tional status of the infected populations.

References

I Aubry, M. L., Cowell, P, Davey, M. ], Shevde, S, As-
pects of the pharmacology of a new anthelminthic: py-
rantel. Br. J. Pharmacol. 38:332- 344, 1970,

2. Magbool, S., Lawrence, D, Katz, M. Treatment of {ri-
churiasis with a new drug, mebendazole, 1. Pediatr,
86:463-465, '975,

3. Pena Chevarria, A., Schwartswelder, J. C., Villargjos,
V. M., Zeledon, R. Mcebendazole, an effective broad-
spectrum anthelmintic. Am. 1. Trop, Med. Hyg.
22:592- 595, 1973,

. Brown, H. D., Matzuk, A, R, Hves, I R, Peterson, 1., H.,
Harris, S. A., Sarett, 1. H., Egerton, J. R., Yakstis, 1. I,

RS

(iR

10.

l6.

. Katznelson, D,

. Minker, E., Blazsé, G., Kdddar, T.

Katz

Campbell, W, C., Cuckler, A. C. Antiparasitic drugs. 1V,
2-(@-thiazoiyl) -- benzimidazole, a new anthelmintic, [let-
terl. J. Am. Chem. Soc. 83:1764-1765, 1961,

Gross, S, Guillan-Barré syndrome  fol-
lowing the use of thiabendazole [letter]. Acta Pacdiatr.
Scand. 67:791-792, 1978,

Fink, A. L., MacKay, C. 1. Sicea comples and cholestatic
Jaundice in two members of a family caused by thiaben-
dazole. Travs. Am, Ophthalmol. Soc. 76:108-1 15, 1978.

- Keeling, 1L DL The chemotherapy of cestode infections.

Adv. Chemother. 3:109-152, 1968,

- Katz, N, Zicher, I, Pereira, 1. P. Field trials with oxamni-

quine in a schistosomiasis mansoni-endemic arca, Am. J.
Trop. Med. Tyg, 26:234 237, 1977,

- Nordgren, L., Bergstrom, M., Holmsted, B., Sandos, M.

Transformation and action of metrifonate. Arch. Tox-
icol. 41:31-41, 1978,

Arap Siongok, T. K., Ouma, J. H., Houser, 11, B., Warren,
K. S, Quantification of infection with  Schistosoma
haematobium in relation to epidemiology and sclective
population: chemotherapy. 11 Mass treatment with a
single oral  dose of metrifonate. I, Infeet.  Dis.

138:856--858, 1978.

. Voogd, C. L., Vander Stel, ). J., Jacobs, J. J. J. A. A. The

mutagenic action of nitroimidazoles. 1. Metronidazole,
nimorazole, dimetridazole and ronidazole. Mutat. Res.
26:483-490, 1974,

- Rustia, M., Shubik, P. Induction of lung tumors and malig-

nant lymphomas in mice by metronidazole. J. Natl.
Cancer Inst. 48:721-729, 1972,

Inhibitory effect
on gastric motility ol chloroquine and mepacrine. Acta
Physiol. Acad. Sci. Hung, 52:455-458, 1978,

. Karmali, R. A., Horrobin, D. F,, Menezes, J., Patel, P.,

Musto, 1. Chloroquine enhances Epstein-Barr virus ex-
pression. Nature 275:444-445, 1978,

Laws, E.R., Jr., Curley, A., Biros, F. J. Men with intensive
occupational exposure to DDT: a clinical and chemical
study. Arch. Environ. Health 15:766-775, 1967.

Abidin, S. A, N., Mahfudin, D., Rasad, R., Margono, S. S.
Rukmono, B. /n M. Yokogawa, S. Hayashi, A.
Kobayashi, N. Kagei, N, Suzuki, and C. Kunii led.].
Collected papers on the control of soil-transmitted
helminthiases. Vol 1. The Asian Parasite Control
Organization, 1980, p. 303-308.



REVIEWS OF INFECTIOUS DISEASES o VOL. 4, NO. 4 « JULY-AUGUST 1982
© 1982 by The University of Chicago. All rights reserved. 0162-0886/82/0404-(007502.00

Schistosomiasis: Host-Pathogen Biology

Kenneth S. Warren

From the Division of Health Sciences, The Rockefeller
Foundation, New York, New York

Schistosomes are helminths of the class Trematoda that alternate generations, with a
sexual phase in definitive mammalian hosts and an asexual phase in intermediate snail
host- In humans, these blood flukes reside in the mesenteric and vesical venules. They
have a life span of many years and daily produce large numbers of eggs, which must
traverse the gut and bladder tissues on their way to the lumens of the excretory organs.
Many of the eggs remain in the host tissues, inducing immunologically mediated
granulomatous inflammation and fibrosis. Heavy worm burdens may produce
hepatosplenic disease in schistosomiasis mansoni and japonica and urinary tract disease
in schistosomiasis haematobia, Since both the schistosomes and the eggs utilize host
metabolites, and since the host responses to the parasite are affected by its nutritional
status, malnutrition may strongly affeet both the parasite and the complex host-parasite

relationship.

Schistosonies are helminths. These organisms dif-
fer from all other infectious agents in that most of
them do not multiply within the definitive host, a
category that includes humans. The consequences
of this situation are enormous. Helminths are
distributed (in humans) in & highly clumped or
over-dispersed manner; therctore, most infected
individuals carry fow worm burdens. Manifesta-

tions of discase cluster in the small proportion of

those with heavy worm burdens. In this group
genetic factors may also affect susceptibility to
discase. Lack of multiplication in the definitive
host also has profound consequences with respect
to immunity, treatment, control, and the effects
of nutritional deficiencies.

Schistosomes belong to the class Trematoda and
are also known as flukes. There are lung flukes,
liver flukes, intestinal flukes, and the group that
comprises the schistosomes—blood flukes. In the
name of cach type of fluke the modifying term re-
fers to the final habitat of the adult worm. All
flukes have a unique life cycle involving alterna-
tion of generations, with a sexual phase occurring
in the definitive host and an asexual phase in the
intermediate host. In all cases, the intermediate
host is a particular species of snail.

Please address requests for reprints to Dr. Kenneth S, War-
ren, Director for Health Sciences, The Rockefeller Founda-
tion, 1133 Avenue of the Americas, New York, New York
10036.
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Life Cycle

Schistosomes arc known as blood flukes because
the habitat of the adult worm within the definitive
host is the blood vessels, usually the mesenteric
and vesical venules. Within the blood vessels, the
thread-like female schistosome lies within a cleft
in the body of the male worm, remaining in a state
of copulo for many years, during which it pro-
duces between 300 and 3,000 cggs daily. The em-
bryo, protected by the egg shell, develops within six
days into a ciliated organism called a miracidium
and begins to secrete proteolytic enzymes, which
are cmitted via ultramicroscopic pores in the egg
shell. These enzymes enable the eggs to pass out of
ine venule through the tissues and into the lumen of
the intestine or urinary bladder, and thence into
the outside environment. However, well over 50%
of the cggs remain within the body of the
definitive host. If the egg enters fresh water, it
hatches and the miracidium emerges, swims
about, and if possible, penetrates the soft tissues
of a susceptible snzil. Inside the snail, it develops
locally into a mother sporocyst, which soon pro-
duces multiple daughter sporocysts.  These
organisms migrate from the arca of penetration to
the hepatopancreas, the digestive gland of the
snail.  After several weeks, cercariac begin to
form. When these fork-tailed larval forms reach
maturity, they issue from the snail either in small
numbers or in thousands daily, depending on the
species of schistosome. [mmersion of definitive
hosts in water enables the cercariac to penetrate
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the intact skin, an action that they accomplish in a
matter of minutes by means of both enzymes and
vigorous movement. Immediately on entering the
skin, these organisms undergo drastic anatomic,
physiologic, and biochemical changes in order to
become schistosomula. These young schistosomes
remain in the skin for a few days and then migrate
to the lungs via the bloodstream and lymphatic
system. Almost all species then pass through the
bloodstream or tissnes to the liver, where they
mature into adult worms, mate, and move (o their
particular final nwabitats in the mesenteric or
vesical venules. This occurs four to 13 weeks
(depending on the species) after the time of skin
penetration.  The adult  schistosomes  do  nol
replicate within the definitive host, and their
average lifespan seems 10 be between three and
cight years.

Contrary to general belief, waters containing
schistosome-infected snails are not continuously
and highly infective. Even in heavily endemic
arcas, usually <I1% of the snails are infected. Cer-
cariac are emitted by snails  infected  with
Schistosoma mansoni or Schistosoma haematobi-
um for a relatively short period around noon and
by those infected with Schistosoma japonicun in
the evening [1]. Most cercariac survive under
natural conditions for only a few hours. Even at
peak periods, uptake of cercariac on filters reveals
concentrations that are usually <1/10 liters [1].
Thus, the cercariae are present for only relatively
short periods of time and are wileiv dispersed in
large volumes of water or by currents of streams
or rivers. Furthermore, there are usually marked
scasonal variations in the numbers of snails in the
various bodies of water. The prevalence and, par-
ticularly, the intensity of infection in the human
population are clearly related to the time and
degree of water contact. Children usually have the
greatest amount of water contact and, conse-
quently, have the greatest intensity of infection [1].
The intensity of infection declines in later life, ex-
cept in those with occupational exposure such as
fishing, because the mean life span of the
schistosomes appears to be five years or less (1, 2].
There is no definitive evidence that immunity
plays a significant role in  controlling the
prevalence or intensity of the three major
schistosome species that infect humans [1].

Cercariac penetrate a wide variety of animal
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tissues, both living and dead [3]. Various propor-
tions of cercariae of S. mansoni perish while
penetrating the skin of different hosts; a signifi-
cant number (10%) die even in excellent hosts,
such as hamsters. Approximately 33% die in the
skin of mice, which are also good hosts: 50% dic
in the skin of rats, which are poor hosts [4]. The
yield of adult worms from a given number of cer-
cariac is lower still, being approximately 50% in
hamsters, 40% in mice, and 25% in rats. Rats,
however, undergo a self-curing phenomenon that
results in loss of most of their worms within six
weeks [S]. Most primates studied, including chirm-
panzees, do not develop high worm yields from
cercarial exposure. This finding may be true for
humans as well.

In the process of skin penetration, during which
the cercariae change into schistosomula, the
organisms switch exceedingly rapidly from acrobic
to anaerobic metabolism and from fresh-water to
salt-water physiology, and their surface mem-
branes undergo a drastic change. Within a few
hours, the schistosomula acquire host antigens
(red cell [6], immunoglobulin [7), and histocom-
patibility [8]) on their surfaces. These antigens,
together with surface modification {9] and a high
rate of turnover, protect the schistosomula from
the immunologic mechanisms of the host, a
phenomenon which has been called concomitant
immunity [6]. After migration to the lungs and
then to the liver, the adult male and female worms
remain in the blood vessels of the intestinal and
urinary excretory organs. They utilize enormous
amounts of glucose in glycolysis (15%-26% of
their dry weight per hour), and the end product
produced in the greatest amounts is lactic acid
[10]. The schistosomes ingest red blood cells and
regurgitate (they have a blind gut) insoluble
pigments. the products of a specific globinase
[[1]. Both uptake and output of amino acids by
adult worms have been demonstrated in vitro [12].

Each pair of adult S. mansoni worms produces
~300 eggs daily and cach pair of S. japonicum
produces ~3,000. The eggs, which contain no em-
bryos when laid, undergo both growth and de-
velopment over a period of six days in the host tis-
sues, and the egg shells have ultramicroscopic
pores [13]. These findings suggest that the eggs
may utilize host metabolites. Biochemical studies
of schistosome eggs maintained in vitro have re-
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vealed the uptake of tritiated thymidine and its
utilization in DNA synthesis. RNA synthesis was
shown with tritiated uridine. Large amounts of
1+C-labeled isoleucine and '#C-labeled arginine
were incorporated into the egg’s protein. Little
glycelytic activity was demonstrated after pro-
longed incubation with '#C-labeled glucose. A
high rate of catabolism of amino acids to CO» was
observed, as was a very high rate of acetate meta-
bolism. Degradation of radiolabeled glutamate
after incubation with " C-labeled acetate revealed
labeling consistent with metabolism by the Krebs
cycle [14].

In addition to their involvement in the uptake of

metabolities, the pores also play a role in secretion
of enzymes by the eggs. This secretion and the
peristaltic motion of the host organs enable the
cggs to work their way out of the blood vessels,
through the tissues, and into the lumens of the ex-
cretory organs. However, more than 50% of the
eggs never leave the body; they remain trapped in
the primary organ or break free into the blood-
stream and pass to the liver (in the case of S. man-
soni and S. jeponicum) or to the lungs (in the case
of S. haemarobium) [15].

Pathogenesis

The egg sccretions are antigenic and cause severe
granulomatous inflammatory reactions that have
been demonstrated to be cell-mediated in the cases
of S. mansoni [16] and S. haematobium [17]. In
both types of infection, living schistosome eggs
have been isolated from the tissues of infected ani-
mals and injected intravenously into the lungs of
mice [16, 17]. On secondary exposure following a
primary intraperitoneal injection of eggs, acceler-
ated, augmented granuloma formation occurs.
This anamnestic reaction has been shown to be
both species- and stage- (with respect to cercarial
and worm antigens) specific and to be transferable
from infected animals by means of lymph node or
spleen cells but not by serum [16, 17]. With respect
to the granuloma caused by S. mansoni cggs,
marked suppression of the inflammatory reaction
has been achieved with measures that inhibit cell-
mediated immunologic reactions, such as nconatal
thymectomy and injection of lymphocyte an-
tiserum; no effect was seen with measures that
suppress antibody-mediated responses [18]. The
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response to S. japonicum eggs appears to be dif-
ferent, however, and may be due largely to
antibody-mediated mechanisms [19]. Lympho-
kines sccreted by specifically sensitized lympho-
cytes in the presence of schistosome cpggs or
schistosome egg antigens have been demonstrated;
these include macrophage migration inhibitory
factor [20], cosinophil stimulation promoter [21],
and a factor that stimulates fibroblasts [22]. The
production of large amounts of collagen in in-
fected liver tissues and isolated granulomas is
demonstrated by the uptake of radiolabeled pro-
line and its incorporation into collagen as radioac-
tive hydroxyproline [23]. Thus, it has been shown
that schistosomiasis is essentially an immunologic
discase characterized by granuloma formation and
fibrosis induced by the schistosome cggs [24].

The occurrence of disease following schisto-
somal infection is related to the number of schisto-
some cges in the tissues and the degree of the
host’s inflammatory response to them [24]. In the
latter case, suppression of granulomatous hyper-
sensitivity prevents or ameliorates the discase [24].
The rate of cgg production is related to the
numbers of worm pairs in the animal, but the
rapid destruction of eggs by the host occurs both
in infected animals and in uninfected animals after
the injection of eggs [25]. Studies in vitro [26] have
shown that cosinophils play a major role in the
destruction of cggs. Recently, studies in vivo have
shown that administration of cosinophil anti-
serum reduces the rate of egg destruction and
exacerbates discase [27].

Immunity

Acquired immunity has been demonstrated in ex-
perimental animals but is not complete, usually
averaging about 50%. Studies of immunologic
mechanisms in murine models first revealed pas-
sive transfer by antibody but not by cells [28]. In-
vestigations in vitro then found that schistosomula
were killed when both antibody and cells were
added, and that the principal killer cell was the
cosinophil [29]. This finding was confirmed in
vivo by experiments showing that cosinophil anti-
serum abrogates immunity but that ncutrophil,
lymphocyte, and macrophage antisera do not [30).
Further studies show that complement is a factor
in the antibody-mediated response, both in vitro



714

(31] and in vivo [32], and that macrophages may
be responsible for a small degree of natural im-
muiuiiy (i.c., killing of schistosomula in previously
uninfected hosts) [33].

Clinical Considerations

Another host-parasite factor worth mentioning in
this context is the effect of schistosomiasis on in-
testinal absorption, especially when caused by
S. mansoni and S. japonicum, which reside in the
mesenteric venules. Studies of S. mansoni in mice
revealed that the small intestines were heavily in-
volved in the discase process; they weighed consid-
crably more than the small intestines of normal
animals and had large numbers of eggs throughout
their length {34]). Granuloma formation and fi-
brosis were marked in the muscularis and serosa
but were slight in the mucosa. The villi and mu-
cosal epithelial cells appeared to be relatively un-
affected by the discase process. When, in groups
of infected and control mice, the entire small in-
testine was perfused with various concentrations
of glucose, methionine, or sedium propionate, no
difference was observed in absorption between in-
fected and uninfected animals [34]. In infections
due to S. japonicum the intestines are not wide-
ly involved; the worms tend to remain localized
and produce large masses of cggs in particular
arcas [35], a situation that may cause intestinal
obstruction,

Advanced chronic schistosomiasis mansoni and
schistosomiasis japonica result in the hepatosplenic
svndrome involving hepatomegaly, splenomegaly,
and portal-systemic collateral circulation [36].
This syndrene is due to periportal fibrosis in-
duced largely by the inflammatory and fibrotic
response 10 schistosome eggs trapped in the presi-
nusoidal portal venules. Hepatic blood flow re-
mains within normal limits because of a compen-
satory increase in hepatic artery flow. Liver
function also remains relatively normal because
the parenchvmal cells are not directly involved and
sinusoidal perfusion is unimpaired. The major
complication of this syndrome is hematemesis
from esophageal varices; because liver function is
good, hepatic coma is rare and death occurs
primarily from exsanguination [36]. A syndrome
of decompensated hepatosplenic discase is not un-
common and may be due to associated malnutri-
tion or hepatitis.
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Schistosomiasis haematobia, which involves the
urinziy tract, is associated with hematuria, prob-
lems stemming from lack of distensibility of the
bladder due to calcified eggs and fibrosis, and
hydronephrosis resulting from blockage of urine
flow through the uretero-vesical junction or ure-
ters [15].

Schistosomiasis can be treated with relative ease
today since a number of good drugs, several of
which are taken orally, have become available.
The response to some of the drugs may differ
markedly according to geographic location. For
instance, a much higher dose of oxamniquine is re-
quired for treatment of S. mansoni infection in
Africa than in South Amcrica or the Caribbean.
Many factors, including genetics and nutrition,
could be responsible for this difference.

The biology of schistosomiasis indicates that
malnutrition of various types could affect the
parasite, the host, and the relationship between
them. The likelihooa of any of these diet-induced
changes is based on the biochemistry of the var-
ious parasite stages and of the host cells and mem-
branes that interact with them.
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Most studies on the interactions of nutrition and schistosomiasis have involved experi-
mental animals. Gencrally, these studies show that schistosomiasis may be alleviated by
severe malnutrition, especially calorie deprivation. However, nutritional modulation of
schistosomiasis in experimental animals is observed only when severe deficiencies are in-
duced during the acute discase. Except during overt famine, in humans such severe
forms of malnutrition occur mainly in the young, who are not yet exposed to heavy bur-
dens of schistosomal infection. Older individuals, who may be heavily infected, are
usually not so severely malnourished. Therefore, the nutritional rehabilitation of severe-
ly malnourished children, which should improve immune function, is unlikely to exacer-
bate the immune-mediated pathogenesis of schistosomal discase. Nutritional interven-
tions can be planned independently of the prevalence or intensity of schistosomiasis in
the population. Heavy infection with Seftistosoma mansoni can cause both direct nutri-
tional losses and severe discase manifestations. These constitute two important reasons
for the administration of mass chemotherapy to the heavily infected segment of a popu-
lation. Both of these adverse effects can be corrected by a reduction in the intensity of

infection; complete cure is not necessary.

Current efforts 1o combat malnutrition in devel-
oping countries by an increase in the amount of
land used for food production have had an impor-
tant impact on the spread of schistosomiasis in
arcas where the discase is endemic. New dams and
irrigation projects have helped to increase oppor-
tunities for human infection [1]. In 1946, Stoll
conservatively estimated that about 114 million
persons were suffering from  schistosomiasis:
Schistosoma japonicun: infected 46 million per-
sons, Schistosoma haematobium infected 39 mil-
lion persons, and Schistosoma mansoni infected
29 million persons [2]. Current conservative esti-
mates of the number of persons infected with
schistosomiasis  worldwide indicate  200-300
million,

Although malnutrition reduces the general ~esis-
tance of the host, particularly for bacterial infec-
tions [3], available evidence suggests that poorly
nourished individuals are not neccessarity more
susceptible to helminthic infections such as schis-
tosomiasis [4]. Furthermore, whereas infeciious
discases exaggerate existing malnutrition in the

Please address requests for reprints 1o Dr. C. Amechi
Akpom, Department of Community Health Science, College
of Human Medicir, Michigan State University, East Lansing,
Michigan 48824,
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host, chronic infections such as schistosomiasis re-
late less clearly to malnutrition.

In experinental infection with S. mansoni, cvi-
dene indicates that nutrition and infection inter-
act synergistically or antagonistically, depending
on the phase of the disease [5). Direct extrapola-
tion of these results to human schistosomiasis is
difficult for several reasons. For example, the clin-
ical symptoms and severity of schistosomiasis vary
greatly from couatry to country and according to
the intensity of infestation [6]. Hence, while symp-
toms and manifestations may be severe in hyper-
endemic areas and in heavily infected individuals,
they may be fairly mild in places with lower en-
demicity or in individuals with light infection.
This variation should affect the type and intensity
of any associated nutritional consequence. Clin-
ical variation is related to intensity of infection. In
a longitudinal study of infected schoot children in
hyperendemic arcas of St. Lucia, children who
had i, regression of liver enlargement over four
years of observation showed statistically higher
mean egg outputs than those children who cither
had no liver enlargement at all or had transient en-
largement only [7]. The development of hepato-
megaly is slower in light than in heavy infections
[8]. Variations in the type and severity of malnu-
trition itself may modify discase manifestations as
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well. Moreover, the stage of the disease at which
the nutritional insult occurs must be considered.
Since nutritional status can vary in scasonal
fashion and in relation to other superimposed in-
fections, the assessment of impact is exceedingly
difficult, Finally, the additional factor of the co-
existence of schistosomiasis and other parasitic in-
fection in humans living in endemic areas can be
important. For example hepatosplenomegaly is
more severe when malaria and S. mansoni occur to-
gether than when either disease alone is present [9].

Schistosomiasis can be considered primarily an
immunologic disease in response to the deposition
of ova in tissues. As a tissue parasite, the worm re-
lates to the nutritional status of the host more in
terms of the function of immunologic processes
than do intestinal parasites. That is, consideration
of the nutritional implications of the disease essen-
tially focuses on the impact of nutrition on the im-
mune response of the host.

Three distinct clinical syndromes occur in schis-
tosomiasis: swimmer’s itch, which occurs in re-
sponse to cercarial penetration of the skin; Kata-
yama fever, which accompanies the onset of egg
laying by the newly mature worms about 30-60
days after infection, especially in patients infected
with S. japonicum or with a large number of
S. mansoni; and hepatosplenic schistosomiasis
(S. mansoni or 8. japonicum) or fibrosis of the
urinary bladder (S. heematobium), which may
occur many years later. The first 10 weeks of in-
fection is generally considered the acute stage of
the disease, during which swimmer’s itch and
Katayama fever occur. Nonspecific symptomatol-
ogy includes fatigue, abdominal pain, and diar-
rhea, but the relationship of these symptoms to
the disease has not been supported by controlled
epidemioiogic studies in the field [i]. The sym-
toms do coincide with the onset of the formation
of granulomas around eggs in the tissue of the
host. The chronic phase of schistosomiasis covers
the subsequent course of the disease during which
fibrosis occurs around schistosome eggs and pro-
duces increasing portal fibrosis in infections with
S. mansoni or S. japonicum. This phase is related
clinically to the development of portal hyperten-
sion, hepatomegaly, splenomegaly, and esophageal
varices [8].

Although they suspected that the nutritional
status of the host might modulate the clinical
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manifestations of schistosomiasis, earlier workers
concentrated on the demonstration of etiologic re-
lationships between malnutrition and infection
with S. mansoni, with little success. Laboratory
studics on the effect of nutrition on the interaction
of host and parasite in experimental schistosomi-
asis were devoted to the effect of malnutrition on
the host or the parasite but not on the interaction
between them. Moreover, few studies were per-
formed during the chronic stages of the disease
that predominates in the populations of endemic
areas [5].

Studies with Animals

Experimental studies reported in the English
language literature have dealt primarily with
S. mansoni. 1t is a reasonable assumption that
conclusions from those studies would apply to
S. japonicum, which has similar though inore in-
tense discase manifestations in humans. S. hema-
tobium, on the other hand, might present a some-
what different picture because of its less intense
hepatic and gastrointestinal involvement.
Available evidence shows that host-parasite re-
sponses in schistosomiasis may be modified by the
nutritional status of the host. While cercarial
penctration and the number of worms that develop
in the host do not seem to be affected by the nu-
tritional status of the host [5-10], schistosome
maturation and egg production may be retarded
by severe malnutrition [5]. The mechanism by
which such retardation occurs is poorly under-
stood. However, both DeWitt {10] and De Meillon
and Paterson [11] have suggested that malnutri-
tion in the host causes direct damage to the repro-
ductive systems of the worms. Retardation of so-
matic development is observed only if malnutri-
tion occurs during the early stages of the disease.
Malnutrition during the chronic stage does not
seem to produce any reduction in worm size be-
causc the somatic development of the worms is al-
ready complete. Regardless of the stage of the dis-
ease, however, cgg output decreases progressively
as the severity of malnutrition increases [4, 5].
Knauft and Warren [5] showed that the egg load in
the liver also decreases as dictary protein is further
decreased from 8% to 4%; inhibition was greatest
with a 50% calorie-deficient diet. Akpom and
Warren demonstrated a similar effect at the
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chronic stage of the discase by the use of the
oogram technique [4).

Different types of nutritional deficiencies not
only interrupt egg output, but also lead to the lay-
ing of defective or abnormal cggs. Akpom and
Warren [4] found that a significant proportion of
the eggs recovered from mice fed on 4% protein
deficient and 50% calorie-deficient diets were not
viable. The viability of newly produced eggs in-
creased with the nutritional repletion of the host.
Malnutrition of the host is, therefore, harmtul to
the parasite because it results in diminished ege
production, the laying of defective eggs, and ap-
parent residual damage to the reproductive capa-
city of the severely malnourished worm. These
factors indicate that malnutrition is antagonistic
to the parasite, for the development of hepato-
splenie disease from infection with S. mansoni is a
consequence of the granulomatous response of the
host to schistosome eggs trapped in the liver. If
fewer eggs are produced, disease is less likely to
result,

For the host, the combination of malnutrition,
especially severe protein mainutrition, and schis-
tosomiasis exacerbates several parameters of acute
or chronic schistosomiasis, including serum pro-
tein concentration and parenchymal cell function.
While calorie deficiency at the acute stage of the
disease is associated with considerable ameliora-
tion of hepatomegaly, splenomegaly, portal pres-

Akpom

sure, anemia, and changes in serum protein [s1,
these effects do not seem to oceur at the chronic
stage of schistosomiasis [4]. These findings indi-
cate that malnutrition and schistosomiasis act syn-
crgistically to the detriment of the host.

Although it has necgative effeets on both the
host and the parasite, malnutrition (especially cal-
oric deficiency) apparently reduces the mortality
from schistosomiasis. In the study by Akpom and
Warren [4], infected mice fed a 50% calorie-defi-
cient diet showed a significantly lower cumulative
mortality (9%) than did the control group (29%)
or those fed on a 4% protein diet (31%).

Studies by Knauft and Warren [5] on mice in-
fected with S. mansoni and by Akpom and Warren
[12] using the von Lichtenberg technique have
demonstrated that various nutritiona! deficiencies
inhibit the formation of granulomas around egps
in the tissue of the host. The degree of inhibition
induced by protein deficiency varies according to
its severity. Deficiencies of calorics, thiamine,
riboflavin, or vitamin C were all found to suppress
primary granulomatous responses to the epg. Var-
ious forms ¢f malnutrition in the mouse lung
granuloma systeim were also found to delay the
temporal course of granulomatous reaction. De-
pression of cell-mediated immune responses by the
various types of malnutrition was considered the
basis for these effects,

Two studies in poor models of S. mansoni in

Table 1. Paracite response to nutritional deficiencies during the acute stage of infection with Schistosoma niansoni,
Nutritional Deficiency ‘ . .
Fixperimental Intensity of
Fhase Type Effect animal infection Reference
Cercarial penetration Scevere protein, Nong Mous¢ Moderate 5
severe calorie
Worm burden developed Severe protein, None Mouse Moderate 5
severe calorie
Torula yeast dict Increased Mouse Heavy 16
Vitamin A Increased Rat Heavy 13
Somatic development and Severe protein, Impaired Mouse Moderate 5
maturation severe calorie 11
Toruln yeast diet Impaired Mouse Heavy 16
Egg Production
Quantity Severe protein, Depressed Mouse Moderate 5
severe calorie 11
Torula yeast dict Heavy 16
Quality Severe protein Defective eggs Mouse Light 17
Torula yeast dict Mouse Heavy 16
Vitamin C Guincea pig Heavy 13
Viability Vitamin C Questionable Guinea pig Moderate 13

viability
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Table 2. Parasite response to nutritional deficiencies
during the chronic siage of infection with Schistosoma
mansoni,

Nutritional Deficiency

Phase Type Effect
Worm burden Severe protein, None
severe cal-
oric
Somatic development Severe protein, No gross
and maturation severe cal- ana-
orie tomic
change
Egg Production Severe protein, Depressed
Quantity severe cal-
oric
Egg maturation Impaired
Egg viability Diminished

NOTE. The experimental animal wa¢ the mouse; the inten-
sity of infection was light. All data adapted from [4].

rats and guinea pigs should be mentioned for com-
pleteness. Eosinophilic responses to adult worms
in the livers of rats and the subsequent destruction
of the worms was severely depressed by induced
deficiency of vitamin A [i3]. In scorbutic guinea
pigs, adult worms were unaffected, but granular
disintegration and erosion of the shells of the eggs
occurred, with death of the embryos [14].
Concerned with the effects of schistosomiasis
on nutritional status, DeWitt [15] studied the utili-
zation of nutricnts in mice infected for cight weeks
with S. mansoni. Their efficiencies of utilization
of dictary fat and proteins was lower than those of
control mice. DeWitt suggested that this differ-
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ence probably resulted from the diminished diges-
tive functions of the liver and/or acute inflamma-
tion of the intestinal tract due to the deposition of
large numbers of eggs.

Experimental animal studies indicate that the
nutritional status of the host influences disease
manifestations in schistosomiasis. Specific find-
ings concerning the intensity, the stage of infec-
tion, and the type of deficiency are shown in tables
1-4. Various aspects of discase parameters may be
antagonistic or synergestic, or show a balance be-
tween synergism and antagonism; however, since
the major effect of moderate malnutrition is the
inhibition of egg production, which is the main
pathology-inducing factor, the net eftect of mal-
nutrition on schistosomiasis seems to be ameliora-
tion of the disease. Severe protein malnutrition
may have debilitating effects that are independent
of schistosomiasis, but because the overall mor-
tality of malnourished hosts may be significantly
lower than that of better nourished hosts, the pos-
tulate of a protective effect seems reasonable.

Studies with Humans

Although observations similar to those described
for experimental animals have not been made with
humans, there are two major important questions.
What are the direct interactions between nutrition
and schistosomiasis in humans? What are their
implications for feeding programs in regions
where the infection is endemic? Of the many epi-
demiologic studies on the nutritional status of
schoolchildren or village populations infected with

Table 3. Effects of nutritional deficiencies in mice on clinical parameters of infection with Schistosoma mansoni.

Factor Type of deficiency

Severe protein
Severe calorie
Severe calorie

Ancemia (hematocrit)
Low serum albumin
Damage to hepatocyte

Hepatomegaly Severe caloric
Splenomcgaly Severe calorie
Ascites Severe protein

Severe protein
Severe calorie
Severe protein
Severe calorie
Severe protein
Severe calori¢

Esophagcal varices
Portal hypertension

Cumulative mortality

Effects
Acute phase Chronic phase Reference
Exacerbated Exacerbated 5
Amecliorated Exacerbated
Amcliorated Exacerbated
Ameliorated Exacerbated 4
Ameliorated Exacerbated
Exacerbated 4
No worse 4
No worse
No worse No worse 5
Amcliorated Exacerbaied 4
No worse 4

Reduced
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Table 4.  Nutritional deficiencies associated with inhi-
bition of granuloma formation in infections with Schis-
tosoma mansoni.

Study

Type of Experimental
deficiency animal technique Reference
Caloric Mouse Infection S
von Lichtenberg 4
Protein Mouse Infection S
von Lichtenberg 4
Vitamin C Guinea pig von Lichtenberg 4
Ribeflavin Mous¢ von Lichtenberg 4
Thiamine Mouse von Lichtenberg 4
Pyridoxine Mouse von Lichtenberg 4

schistosomiasis in developing countries that are
reported in the English language literature, very
few can be used or are designed to address these
questions.

Information on the effect of nutrition on the
manifestation of cither the swimmer’s itch or
Katayama fever is scanty. The former is a sensiti-
zation phenomenon, and the latter is probably a
form of hypersensitivity or an allergic phenom-
cnon [8]. Thus, a reasonable speculation is that
nutritional deficiencies severe enough to produce
anergy in the host result in diminished manifesta-
tion of these syn“romes.

DeWitt et al. [18] used prisoner volunteers to
study the influence of nutrition on humans nat-

urally infected with S. mansoni. One group of

young men with poor dictary histories infected
with S. mansoni for not less than two years’ dura-
tion was provided with an enriched diet for a pe-
riod of nine months. Similarly undernourished
and infected male prisoners served as a control
group. Treatment with stibophen (Fuadin®, Win-
throp Stearns, New York, N.Y.) wa- given nine
months after the patients started the enriched diet.
An overall improvement in the nutritional status
and general health of the experimental group of
patients followed the provision of an enriched
dict. The egg output of S. rmansoni was monitored
throughout the experimental period in both the ex-
perimental and the control groups, but the fhic-
tuation in egg count obtained from the two groups
was such that “interpretation was difficult or im-
possible.” Response to treatment was equally good
in both groups. Similarly, no difference due to the
ceffect of diet was detected in serologic tests (flu-
orescent antibody, slide flocculation, complement-
fixation, and circumoval precipitin tests).

Akpom

Nutrition and Chemotherapy

Two studies examined the influence of nutrition
on chemotherapy in schistosomiasis. Luttermoser
and DeWitt [19] treated three groups of mice with
stibophen. One group was fed a complete purified
semisynthetic diet; another was fed a semisynthetic
dict low in protein and lacking in choline, inositol,
folic acid, and Vitamin B,, (tatty-liver-inducing
dict); and the third group was fed a standard com-
mercial diet (control diet). All groups were fed ad
libitum for four weeks prior to infection and
thereafter. Untreated controls were established for
rach group. Two weeks after the completion of
treatment, necropsy was performed and the effi-
cacy of treatment was determined by the average
numbers of live and dead worms per mouse recov-
cred by perfusion. Stibophen was much more cf-
fective against S. mansoni in mice fed the semisyn-
thetic diet than in mice fed the normal control
dict. No differeiice was observed between mice on
the complete purified semisynthetic diet and mice
on the fatty-liver-inducing dict, although the latter
produced moderately severe fatty liver changes.
Weight gain of the mice during the 13 weeks of ex-
perimentation was reported to be similar for all
mice exeept for those on the fatty-liver-inducing
diet; weight gain in this group was considerably
less. Rates of survival were better in all treated
groups, irrespective ol diet, than in untreated
mice. In summary, the effectiveness of stibophen
was enhanced by the purified semisynthetic diet
cven when the diet was deficient in protein,
choline, inositol, and Vitamin B,,.

Bell [20] reported the results of treatment of 36
Asiatic boys, aged 13-20 years, with im injection
of sodium antimony dimercaptosuccinic acid (As-
tiban®). Eleven of the boys were vegetarians; 25
were not. A significantly higher proportion of
nonvegetarians than of vegetarians was cured. The
author, though unablc to identify the factors re-
sponsible for these results, suggested that dietary
habits do influence the outcome of trcatment.

Effeet of Nutritional Statis on Severity of Discase

Little is really known about the nutritional impli-
cations of schistosomiasis in humans, or about the
relevance of nutritional modulation of experimen-
tal disease for the human situation. If the central
policy question is the implication of mass feeding
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Table §.
Implication

Daily blood loss from gastrointestinal tract or
bladder (Schistosoma mansoni, 13 ml; Schistosoma
haematobiun, 23 ml)

Daily iron loss (S. mansoni, 4 mg;

S. haematobium, 7T mg)

Daily albumin loss (S. mansoni, 2.2 g)

Loss of trace clements or vitamins, especially
albumin-bound ones, c¢.g., zine and vitamin A

Low n-xylose excretion

Elevated fecal fat

Glucose intolerance

Subnormal levels of serum carnitine

No effect on treatment

No effect on exercise tolerance

Predisposal to later complication
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Some reported nutritional implications of schistosomiasis in human clinical studies.

Intensity of infection Reference
Heavy (colonic polyposis) 2]+
Heavy (colonic polyposis) 21*
Heavy (colonic polyposis) 2]1*
Heavy (colonic polyposis) 2]*
Heavy (colonic polyposis) 20
Heavy 22+
Heavy 23
Heavy 24
Moderate 18
Moderate 25
Modcrate 7

* Information is available in many other sources as well as in the reference cited.

programis on morbidity from schistosomiasis,
available information suggests that clinically
meaningiul effects occur mainly in the treatment
of nutritional deficiency scvere enough to induce
immunosuppression. On a large scale, such a
situation exists only during states of famine in
human populations, for whici> there are more
pressing reasons for mass feeding than the efiects
on schistosomiasis. Under conditions of malnutri-
tion commonly encountered in the adult popula-
tions of developing countries, DeWitt et al. [18]
were unable to demonstrate more severe manifes-
tations of the discase. Admitiedly, malnutrition is
more severe in children than in adults in such
countries. However, children are usually not yet
heavily infected, and the level of malnutrition at
which the modulating eftect begins is not yet clear.
On the basis of what is known about the develop-
ment of relative immunity in infected, moderately
well-nourished inhabitants of endemic areas,
nutritional rehabilitation by mass feeding pro-
grams is unlikely to aggravate the disease in hu-
man populations.

Effect of the Severity of Discase on
Nufritional Status

Table 5 shows some reported associations of schis-
tosomiasis with clinical nutritional status in hu-
mans. The single consistent fact that stands out
from the literature is that abnormal findings gen-
crally occur in subjects with heavy infection. For

example, in a subgroup of the population in Egypt
where colonic polyposis from heavy parasitic load
occurs in farmers in the Nile Valley, structural
damage of the gastrointestinal mucosa leads to
loss and malabsorption of nutrients [21]. Chemo-
therapy targeted at discase suppression (defined in
terms of reduction of parasite load) should reduce
the nutritional effecis and morbidity of schisioso-
miasis in heavily infected individuals living in en-
demic arcas. Such patients should, therefore, re-
ceive periodic drug therapy in combination with
ongoing nutritional rehabilitation.

Veterinary Implications

A complete consideration of the nutritional impli-
cations of schistosomiasis must include the in-
wircet effect of veterinary infection on a popula-
tion’s food supply from animals. Veterinary infec-
tions involve species of schistosomes that do not
infect humans. Because weight gain of chronically
infected animals is usually less than that of unin-
fected animals, there is both economic loss and de-
crease in the total yield of agricultural products
such as meat and dairy products. However, just
how much food wastage results from these animal
infections is unknown,
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Discussion: Schistosomiasis and Malnutrition

Schistosomiasis is a discase prevalent in low socio-
economic levels of populations. In Brazil it is com-
mon for patients with schistosomiasis to have
concomitant hookworm infection, ascariasis, giar-
diasis, and/or amebiasis. Therapy of thesc associ-
ated parasitic infections may improve gastrointes-
tinal symptoms cxperienced by such patients [1].
In the case of infection with Schistosoma man-
soni, particularly in patients with the hepato-
splenic form of the disease, an association with
prolonged bacteremia due to Salmonella is not rare
[2]. Such patients are usually more wasted, more
anemic, and have lower serum albumin levels, of-
ten with accompanying edema and ascites, than
patients without bacteremia. In addition, renal in-
volvement with proteinuria sometimes occurs. The
combination of viral hepatitis and schistosomiasis
may be an important factor in deterioration of
liver function. Several investigators have stressed
the high frequency with which hepatitis B antigens
and antibodies are found in the blood of patients
with the hepatosplenic forms of infections with
S. mansoni [3]. Neither the importance of persis-
tent hepatitis antigenemia nor the role of associ-
ated hepatitis in exacerbation of malnutrition in
such patients is yet defined. Alcoholism may also
be a contributing factor in aggravating malnutri-
tion and the severity of liver involvement in hu-
mans infected with Schistosoma. Finally, patients
with portal hypertension who undergo portacaval
shunts may experience a deterioration of their
clinical status; weight loss, signs of wasting, and
clinical manifestations of liver deterioration are
noted [1].

Malnutrition is most marked in infants and
young children in areas where schistosomiasis is

endemic: however, the clinical manifestations of

the infection are generally mild or inapparent in
this age group. Malnutrition is usually a chronic
process, fluctuating in intensity and involving
multiple nutrients. Schistosomiasis itself may vary
tremendously in intensity and duration. There-
fore, it is not easy to assess malnutrition, the sc-
verity of the infection, or the interaction of the
two. The difficulties in clinical assessment needed
for interpretation of interactions of the factors
and variables described are compounded by the
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lack of good medical facilities in areas where schis-
tosomiasis and malnutrition commonly occur.

Some of these relationships have been explored
in the experimental studies reviewed in the preced-
ing papers. However, it must be recognized that
the situations created experimentally are artificial
and the direct extrapolation of such data to hu-
man diseasc is questionable. A fcw additional
studies should be cited. Bhattacharyya [4] fed a
4% protein diet to mice and rats infected with
S. mansoni and found evidence of perilobular cir-
rhosis in these animals. De Meillon and Paterson
[5] studied mice fed a modestly restricted (8%-12%)
protein dict. Development of schistosomes was
impaired and oviposition occurred less frequently.
Maldonado [6] used a diet with low-quality pro-
tein (deficient in methionine and tryptophan) and
found an increased mortality due to S. rmansoni
infection. Coutinho-Abath [7] observed a delay
and a decrecase in the inflammatory reaction at the
penetration site of cercariae in mice fed a low-pro-
tein diet; he also noted an impairment of hepatic
regeneration and a decrease in the inflammatory
response in the livers of infected mice [8]. The in-
fluence of “regional diets” (diets prepared with the
food consumed by humans in a region endemic for
S. mansoni) were compared with control diets in
the experimental model [8]. Animals on regional
diets developed signs of malnutrition and an in-
crease in hepatic lesions that were unrelated to the
infection. However, there were also increases in
portal fibrosis and inflammatory changes in the
livers of malnourished and infected mice as com-
pared with infected mice on a normal-protein diet.

There have been very few relevant clinical stud-
ics that explore the interaction between infection
and nutritional state. Coutinho [8] studied pa-
tients from two endemic areas in Pernambuco,
Brazil. Clinical signs of malnutrition and subnor-
mal weight for height were more common in pa-
tients infected with S. mansoni than in uninfected
persons. Symptoms attributable to this infection
were exacerbated in malnourished patients. How-
ever, there was no correlation between low serumn
albumin levels and infection, while the presence of
anemia correlated with maloutrition but not with
S. mansoni infection.
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Thus, while severe malnatrition may alter some
host resistance factors, the parasite may also be
affected; atrophy, reduction in oviposition, and
production of altered eggs may result. The end re-
sult is probably biologic neutrality. Observation
of a few cases of severe schistosomiasis in the
same endemic area, or even within the same fami-
ly, among many clinically mild cases, does not favor
a role for nutritional factors in the natural course of
the discase. Even in patients dying from severe
schistosomiasis, liver changes attributable to mal-
nutrition (c.g., fatty liver) are not frequent. Con-
current  malnutrition, however, may exacerbate
the development of clinical manifestations (such
as weight loss, weakness, anemia, hypoalbumin-
emia, and edema), in patients with S. mansoni in-
fection. The associated  pathology  commonly
found in patients with concomitant malnutrition
and schistosomiasis makes it impossible to define
the true interaction of these clements in humans.
Animal models have been used for such studics,
but extrapolation of such data to humans may not
be valid. There is, therefore, a need for long-term
prospective and controlled field studies.

HEONIR ROCHA
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Malaria: Host-Pathogen Biology
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The development of resistance to insecticides by anopheline mosquito vectors of
malaria and of resistance to drugs by Plasmodium falciparian pose new challenges for
malaria control programs. The establishment of methods for the continuous cultivation
in vitro of plasmodia provided an important new tool for rescarch into the cellular
biology and metabolism of these parasites. The molecular basis of the parasite’s attach-
ment to and entry into erythrocyies in the host is being elucidatea. The impact of the in-
tracellular parasite on erythrocyte metabolism is being explored, and the recognition of
the role of plasmodia as an oxidant stress suggested a molecular basis for certain forms
of genetic resistance to malaria. In addition, the consequences of parasitization are be-
ing studied with regard to alterations in erythrocyte antigenicity, rheologic propertics,
and the transport ol nutrients and antimalarial drugs. The host’s immune response (o
malaria is being assessed with regard 1o both protective and immunosuppressive effects.
The rapid accumulation of new knowledge of host-parasite biology could provide the
basis for the design of novel pharmacologic and immunologic methods for the control

of malaria.

Malaria continues to be a major cause of morbidi-
ty and mortality in many developing nations. The
World Hcalth CGrganization (WHO) estimates the
incidence of malaria at ~100 million cases per
year with nearly one million deaths, mostly of
children under the age of 14 [1]. Sadly, the situa-
tion in a number of countrics is deteriorating as
the prevalence of malaria increases.

When vector control and chemoprophylactic
drugs were applied in the malarial eradication pro-
gram initiated by WHO, oplimism was great.
WHO officially declared the program a failure in
the mid 1970s, however, because the problem was
much more complex than was originally envi-
sioned. Political unrest and poor local administra-
tion, for example, were frequent complications.
Two biological factors in particular contributed to
the difficulties; the widespread development of
resistance to DDT by the anopheline mosquito
vectors, and increasing awarceness of strains of
Plasmodium falciparum resistant to the 4-amino-
quinolines such as chloroquine, which are the
mainstay of chemoprophylaxis. The alternative
residual insecticides available are all petroleum
products, and economic developments in the pet-
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rochemical industry have placed huge financial
burdens on the limited budgets of developing na-
tions. Morcover, it is increasingly apparent that
resistance 1o insecticides in inosquitoes as well as
resistance to drugs in P. fulciparum may involve a
continuous process of selection. Thus, the replace-
ment of one agent with another may not, in the
long run, prove to be the ideal approach to disease
control. Novel approaches are needed, and con-
siderable cfforts are now being directed toward
the development of a vaccine for malaria [2].

In this review I will focus attention on the more
recent discoveries relevant to the molecular
biology of malaria. Several of these studies were
facilitated by techniques developed by William
Trager and James Jensen of the Rockefeller Uni-
versity [3] for the continuous cultivation in vitro
of P. falciparum. For a more detailed description
of the biochemisiry of plasmodia, the reader is
referred to a recent review by Sherman [4]. The
details of membrane pathobiology in malaria were
also summarized recently [5]. Several aspects of
the biology of parasites and immune response 1o
malaria are reviewed clsewhere [6-9].

Life Cyele of Piusmodium Species

Infection is initiated when sporozoites that have
developed in the mosquito are injected into the
host during a blood meal. Sporozoites rapidly cir-
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culate to the liver and develop within hepatocytes
as exoerythrocytic forms. After a period of about
one week, merozoites are released from the liver
into the circulation to invade erythrocytes. In the
cerythrocytes, the parasites grow and replicate in a
process referred 1o as schizogony; within 48-72 hr
(depending on the species ol Plasmodiun) the in-
fected erythrocytes rupture, liberating six to 24
merozoites, cach capable of invading other cry-
throcytes. The life cycle is completed when a small
percentage of intracrythroeytic parasites develop
into the sexual stages known as gametocytes and
are taken up by susceptible feeding anopheline
mosquitoes. In the mosquito’s gut, infected red
cells lyse, releasing male and female gametes that
unite to form the zygote, which subsequently
develops as an oocyst in the gut wall. Sporozoites
released from the mature oocyst migrate to the
salivary glands of the mosquito, whence they re
injected into the host during a blood meal.
Discase results solely from the asexual erythro-
evlic parasites; neither sporozoites, hepatic exo-
crythrocvtic forms, nor gametocytes cause illness.
Although a large variety of nonspecific symptoms
may accompany malaria, the hallmark of the
discase is debilitating rever that may be very high.
There is a direct relationship between the density
of parasites and morbidity and mortality [10].
Thus, it is not surprising that Plasmodinom vivax,
Plasmoditin malariae, and  Plasmodium ovale,
species restricted to developmient in a subpopula-
tion of erythrocytes of different ages, generally
cause nonlethal discase, wheveas P, fulciparim,
which can grow in crythrocytes of all ages, in-
itiates pathologic processes that may be lethal,

Invasion of the Erythroceyte by the Merozoite

The merozoite is an obligate intracellular form of
the parasite that can survive in an extracellular
milicu for only short periods of time. Since ex-
tracellular cultivation of the parasite has been
achieved with very limited success [H1], little is
known of its metabolism, and indeed characteriza-
tion of the merozoite membrane is just beginning.
The organisim is surrounded by an clectron-dense
surface coat [12] that extends ~20 nm from the
merozoite membrane and most likely is composed
of protein or glycoprotein [13). This surface coat
is antigenice, and antibodies that react with the
coat can agglutinate merozoites [13] and possibly
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interferc with the process of the invasion of
erythrocytes [14]. Some rescarchers speculate that
merozoites undergo antigenic variation in a man-
ner analogous to that described for Trypanosoma
and, specifically, that alterations in the antigenic
composition of the surface coal might account for
this variation. Electron micrographic studies of
the merozoite revealed specialized organelles that
may be important in the process of invasion. At
once pole of the merozoite (apical region) is a pair
of flask-shaped structures called rhoptries, flanked
by smaller micronemes.

The interaction of merozoite and host cell is
highly specific. Merozoites attach to and invade
crythrocytes selectively. Specificity also restricts
the interactions of plasmodial species to erythro-
cytes of susceptible species of hosts [15, 16]. Some
species of plasmodia (e.g., Plasmodium berghei in
the rat and P. vivay in man) invade only the young
erythrocytes of the susceptible host. In addition,
within a species, genetic host determinants may
dictate the susceptibility of the erythroeyte to in-
vasion. Thus, for example, blacks are generally
resistant to malaria caused by 2. vivax., These con-
siderations suggest that the initial interactions be-
tween parasite and host cell entail recognition of
specific surface receptors.

Interactions between merozoites and erythro-
cytes were carcfully studied by use of real-time
Nomarski interference microscopy [17]. Mero-
zoites attach to susceptible erythroceytes via their
apical end and induce marked deformations in the
erythrocyte membrane; waves of deformations
spread out from the initial site of aitachment.
Thereafter, the merozoite enters the erythroeyte
by a process resembling endocytosis and comes to
reside in a parasitophorous vacuole created by the
invaginated erythrocyte membrane.

Miller et al. observed that merozoites of the
simian malarial parasite Plasmodium  knowlesi
(which can also infecet man) attach in vitre only to
crythrocytes of simian or human origin [16}. Hu-
man crythrocytes pretreated with chymotrypsin or
pronase, but not with neuraminidase or trypsin,
lost their susceptibility to infection by 2. knowlesi
[16] and indeed failed to permit the initial attach-
men. phase. This result suggested the presence of a
chymotrypsin-sensitive receptor, possibly a glyco-
protein, on the surface of the erythrocyte,

Since blood group substances are the best-de-
fined surfuce components of erythrocytes, these
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substances were suspected to be receptors for the
merozoite. In screening a targe number of erythro-
cytes of different blood groups, Miller et al.
observed that erythrocytes lacking the Dufty
blood group determinants (i.e. I'yIy) were not
susceptible in vitro to invasion by 2. knowlesi.
Furthermore, treatment of Duffy-positive erythro-
cytes (Fy* Fyb) with chymotrypsin removed these
determinants (but not Fy*) and with them the sus-
ceptibility to invasion. In addition, anti-IFy* anti-
sera blocked invasion [18]. However, trypsin- or
neuraminidase-treated  Duffy-negative erythro-
cytes were invaded by . knowlesi even though
they still lacked the Duffy determinants [19].
Taken together, these observations suggest that
the Duffy blood group system is not the receptor
for P. knowlesi, but that a still undefined Dufty-
associated determinant may act in triggering inva-
sion. The relevance of these findings to human
malaria derives from observations that blacks
shown to be resistant to 2. vivax were all Dulfy
negative [20]. Since the majority of African blacks
are Duffy negative, the factor that confers natural
resistance to /2. vivax in this population is prob-
ably related to the Duffy blood group system. The
finding that erythrocytes from rare nonblack indi-
viduals who are Dulfy negative {presumably be-
cause of spontancous mutation) resist invasion by
P. knowlesi suggests that the relationship of inva-
sion to the Duffy system is not one of genetic
linkage.

The concept of the specificity of the erythroceyte
invasion is corroborated by observations that
Duffy-negative erythrocytes, though resistant to
invasion by 7. knowlesi, are nonetheless suscepti-
ble to invasion by P. falciparum. Duflly-positive
cells treated with chymotrypsin escaped invasion
by P. knowlesi, whereas those treated with trypsin
were infected. Conversely, Duffy-positive cells
treated with chymotrypsin suffered invasion by
P, falciparum, whercas those treated with trypsin
did not [21]. These in vitro obscrvations paral-
lel the clinical recognition that blacks resis-
tant to P. vivax are noncetheless fully susceptible to
P. fulciparum.

The process of invasion itself is complex, rapid
(complete in 20 see in vitro), and, in view of the
nonphagocytic nature of the crvthroeyte, must
represent a relatively unique form of entry,
Aikawa ct al. [22] provided electron micrographic
evidence indicating that, upon contact between the
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apical end of the merozoite and the erythrocyte
surface, the crythrocyte membrane becomes
thickened, forming a circumferential site of at-
tachment, and the membrane invaginates. As the
invagination dcepens, the attachment site is no
longer at the apical end, but moves along the cir-
cumference of the merozoite so that, as the para-
site enters, the site of attachment remains at tie
entry point of the invagination. Finally, the junc-
tion fuses at the posterior end of the merozoite,
and the outer erythrocyte membrane rescals. A
parasitophorous vacuole created by the inter-
nalization of host membrane envelops the
merozoite. The mechanism by which the junction
“slides” over the merozoite is presently unclear,
and whether its energy requirements are derived
solely fromi the parasite or also from the host is
unknown. It has been postulated that the histi-
dine-rich protein that may be contained in the
rhoptries might empty through a common duct
during the invagination process and might some-
how alter the erythrocyte membrane to permit the
deformations involved in the process of invasion.
One consequence of invasion is that the merozoite
surface coat is excluded from the developing para-
sitophorous vacuole and is shed.

Life Within the Erythrocyte

Once inside the parasitophorous vacuole, the
merozoite loses its rhoptries, micronemes, and
pellicular membrane [23] and is transformed into
an ameboid trophozoite. The plasma membrane
comprising the parasitophorous vacuole, which
derives from the erythrocyte plasma membrane,
also undergocs alterations. As revealed by freeze-
fracture studies, intramembranous particles of the
parasitophorous membrane are reduced [24], and
apparently the enzyme constituents of the mem-
brane are rcarranged. Membrane ATPase (adeno-
sine triphosphatase) is normally located on the
inside and NADH (nicotinamide adenine dinu-
cleotide, reduced form) oxidase on the outside of
the erythrocyle membrane. Because the parasito-
phorous vacuole forms by invagination of the
erythrocyte membrane, one would expect an op-
posite orientation of these enzymes in the vacuolar
membrane: ATPase oriented outward and NADH
oxidase oriented inward. Yet Langreth [25] found,
by histochemical techniques, that the distribution
of these enzymes in the vacuolar membrane was
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the same as in the erythrocyte membrane: ATPase
oriented inward and NADH oxidase oriented out-
ward. While neither the mechanism for nor the
physiologic significance of this finding is known,
it does suggest a potential majer effect of the
parasitc on the reorganization of the parasito-
phorous vacuolar membrane.

The metabolic activity of the parasite within the
erythrocyte has been studied largely in short-term
culture, and results were summarized recently by
Sherman [4]. As Sherman points out, interpreta-
tion of results in many of these studies is difficult
because of inadequate controls and problems in-
volving the distinction between the metabolism of
the host cell and that of the parasite. Several at-
tempts have been made toisolate the parasite from
the erythrocyte by a variety of techniques, but it is
unknown whether these methods adeqguately pre-
serve the metabolic integrity of the parasite, Fx-
tracellular cultivation in vitro of  Plasmoclium
lophurae (a Plasmodium that infects ducks) was
achieved [11], but extracts of duck erythrocytes
are required in the medium for the development of
the parasite from trophozoite to schizont stage.
Thus, metabolic studies utilizing this system are
complicated by the lack of adequate definition of
the substrates present in culture. Morcover,
because the extracellular parasites appear to be
“lcaky,” an accurate assessment of substrate pool
and transport is impossible.

Onc aspect of the biochemistry of parasites that
is very important for chemotherapy and poternitial-
ly important for host nutrition is that of folate
metabolism. Plasmodia synthesize folate cofac-
tors de novo and cannot utilize exogenous folate
in the same way that mammalian cells can.
Sulfonamides, by virtue of their structural
similarity to p-aminobenzoic acid, block the en-
zyme (dihydropteroate synthetase) involved in the
synthesis of dihydropteroate, an intermediate in
the synthesis of dihydrofolate. Plasmodial dihy-
drofolate reductase, a key enzyme in the forma-
tion of tetrahydrofolate, was found to have a
binding affinity for pyrimethamine two to three
orders of magnitude greater than that of the host
cell. Thus, pyrimethamine and other antifolate
agents bind avidly to the parasite enzyme and act
as excellent antimalarial agents. The synergistic ef-
fects of the sulfonamides and the inhibitors of di-
hydrofolate reductase provide an important ap-
proach to chemotherapy for malaria. From the
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nutritional viewpoint, it is interesting that animals
placed on milk diets deficient in folate substrates
experienced less severe malarial infection than
those receiving dicts containing p-aminobenzoic
acid 26, 27].

The recent establishment of a technique for
continuous cultivation of certain species of Plus-
modium clearly improved the prospects for gain-
ing insights into the dynamics of the intracellular
host-parasite relationship. One aspect of this rela-
tionship studied with the new methods of culture
is the role of osygen in parasite growth, and par-
ticularly the relationship of erythrocyte hemoglo-
bin composition and oxygen tension to parasite
development. Interest in this arca was engendered
in part by the long-standing clinical observations
that patients with sickle hemoglobin are protected
from malaria caused by P. fulciparum.

Allison [28] demonstrated that people with
sickle hemoglobin are protected from infection
with P. falciparum (i.c., they have lower levels of
parasitemia than people without the sickle trait),
but not from infection with P. malariae. He pro-
posed that, according to the genetic principle of
balanced polymorphism, such protection from
lethal infection accounts for the high incidence of
the sickle trait in arcas where P. falciparum is
endemic. In an effort to provide a molecular ex-
planation for the carlier clinical and epidemiologic
observations, Friedman [29], Pasvol et al. [30],
Roth ct al. [31], and Friedman [32] subsequently
examined in vitro the infection with P. falciparum
of erythrocytes containing sickle hemogiobin.
They determined that erythrocytes containing AA,
SS or SA hemoglobin were invaded at similar rates
under acrobic conditions, but invasion was slight-
ly reduced in SA cells and dramatically reduced in
SS cells under conditions of low oxygen tension
(PO, = 35 mm Hg). Reduction of invasion did not
depend on sickling of the erythrocytes. In addi-
tion, intracrythrocytic development was retarded
in both SA- and SS-containing cells under condi-
tions of low oxygen tension. Infected erythrocytes
containing SA hemoglobin sickled more readily at
low oxygen tensions than did uninfected erythro-
cytes. Loss of intracellular potassium from in-
fected sickled cells may have resulted in death of
the parasite. Since erythrocyltes containing P. fal-
ciparum are sequestered in venous beds of cer-
tain organs during late stages of schizogony, one
would expect that conditions of low oxygen ten-
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sion analogous to those studied in vitro might
prevail in vivo. Controversy exists, however, as to
whether the protection afforded by sickle hemo-
globin results primarily from the enhanced death
rate of mature parasites, or from inhibition of in-
vasion, or of intracrythrocytic development of
young parasites.

Epidemiologic cvidence suggests that  other
crythrocyte variants might also protect against
fatal infection with P. falciparum. The gene fre-
quencies of glucose-6-phosphate  dehydrogenase
deficiency (G6PD) and thalassemia (¢haf) tend to
be most common in areas originally endemic for
P. fulciparum malaria [33]. This observation sug-
gests that these traits might protect against lethal
malaria and therefore impart a selective advan-
tage. The evidence for a protective role of G6PD"
and thal is less compelling than the data presented
for sickle hemoglobin. This topic was recently
reviewed [34]. Certain studies suggest that in-
dividuals with G6PPD" arc indeed more resistant to
malaria. Other studies, however, failed to estab-
lish differences in the severity of disease (clinical
complications and magnitude of parasitemia) be-
tween normal and G620 individuals [35]. Bienzle
et al. [36] observed lower levels of parasitemia in
heterozygous females (Gd'=/Gd" penotypes) than
in nondeficient or homozygous females; they con-
cluded that the high frequency of the G6PD- gene
was maintained mainly by the selective advantage
against malaria imparted to heterozygous females.
An carlier study by Luzzatto et al. [37] of hetero-
zygous females infected with P. fulciparium dem-
onstrated a greater frequency of parasitization of
crythrocytes with normal levels of glucose-6-phos-
phate dehydrogenase (G6PD) than of deficient
erythrocytes. However, the subsequent discovery
that P. falciparum preferentially invades young
erythrocytes leaves the interpretation of these
obscrvations open lo question. In type A G6PD
deficiency (as occurs in Africa), young crythro-
cytes have normal levels of the enzyme, which
decrease as the erythrocytes age. Thus, the find-
ings of Luzzatto et al. may have been simply a
result of preferential invasion of young erythro-
cytes by P. falciparum, if so, their observations
provide no direct insight into the cellular aspects
of the hypothesis that G6PD- genes protect
against malaria.

The growth of P. fulciparim in G6PD™ and thal
erythrocytes was recently investigated by means of
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in vitro techniques. G6PD- erythrocytes, as well as
a-thal and f-thal cells, failed to support replica-
tion of the parasite in vitro under conditions of
oxidant stress. Although high O, tension (30%)
inhibited multiplication of the parasite even in
normal erythrocytes (60% reduction), this inhibi-
tion was more pronounced in G6PD~ (85%),
a-thal (82%), and f-thal (81%) cells [38]. The
variant red cells were also rendered more suscepti-
ble to damage by the addition of other exogenous
oxidants (such as menadione and riboflavin),
which retarded parasite multiplication more in the
variant cells than in infected normal erythrocytes.
The antioxidant dithiothreitol, which reduces
glutathione, prevented the adverse cffects of
riboflavin on replication of the parasite in G6PD~
cells, but not in f-thal cells, On the other hand,
vitamin E, which prevents free-radical-mediated
lipid peroxidation, prevented oxidant damage to
B-thal cells but not to G6PD cells.

The role of oxidant stress in the development of
the parasite has also been assessed for P. herghei,
which produces malaria in rodents. Etkin and
Eaton [39] have presented evidence suggesting that
the parasite itself generates oxidants during in-
traceflular maturation and also incapacitates the
ability of the infected erythrocyte to repair or pre-
vent damage due to exogenous oxidants such as
ascorbate. Etkin and Eaton postulate that this in-
capacitation results from parasite-mediated oxida-
tion of erythrocyte NADH and/or NADPH (nico-
tinamide adenine dinucleotide phosphate, reduced
form) with the consequences of increased in-
tracellular methemoglobin, decreased pentose
shunt activity that hinders regeneration of reduced
glutathione from oxidized glutathione, and excess
production of H,0;. It follows from this notion
that G6PD cells would be more susceptible to the
oxidant stress of plasmodial infection because
their ability to regencrate NAD(P)H and gluta-
thione is impaired as a consequence of the en-
zymatic lesion. The inherent inability of these cells
to repair oxidant-induced membrane damage
might thcoretically result in the death of the
parasite and the resultant protection of the host
from lethal infection with P. falciparum. How-
ever, the conflicting clinical data on the protective
role of G6PD~ may nccessitate the proposal of a
third factor in the hypothesis concerning G6PD"
and malaria,

As suggesteu by Friedman [38], dietary oxidants
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or a deficiency of antioxidants might be necessars
in vivo in order for G6PD- cells to exert an in-
hibitory cffect on replication of the parasite. Mar-
tin [40] proposed the interesting hypothesis that
the consumption of fava beans (which contain ox-
idants that cause hemolysis in G6PD- deficient in-
dividuals) in certain areas originally endemic for
P. falciparum may have provided the necessary
dictary oxidant to permit the protective effect of
G6PD in malaria. This might help to explain the
high gene frequency of G6PD™ in arcas where
favism occurs.

The notion that oxidant stress might be impor-
tant in malaria has also been indirectly tested in
vivo. Mice given a diet deficient in vitamin E ex-
perienced less severe infections with P. perghei
than did mice receiving the same diet supple-
mented with vitamin E [41]. Perhaps other dictary
antioxidants or oxidants, such as ascorbic acid,
niacin, and selenium, have important effects on
the course of malaria, but I am unaware that these
agents have been directly investigated. The role of
iron in malaria is reviewed elsewhere in this sym-
posium, but I wish to mention here that iron may
be important to the survival of the intracellular
parasite by virtue of the potential role that
catalase plays in scavenging H;0; produced by
plasmodia. Thus, theoretically, iron deficiency
could result in decreased intracellular catalase ac-
tivity and parasite suicide, with protection of the
host as a consequence,

Effects of Parasitism on the Host Erythrocyte

A number of changes in the structure and function
of ecrythrocytes follow invasion and parasite
growth, although the physiologic significance of
some of these changes is unclear al present.
Because the alterations in erythrocyte membrane
were recently reviewed [5], I will discuss only those
changes that have apparent immunologic or
pathophysiologic significance for the host.
Invaginations in the erythrocyte membrane can
be found by clectron microscopy of cells infected
with certain plasmodial species. Erythrocytes in-
fected with P. vivax and P. ovale have invagina-
tions on their surfaces called caveolae and are sur-
rounded by small vesicles [42]. The number of
caveolac increases as the parasite enlarges, and
they can be recognized as Schuffner’s dots by light
microscopy following staining with Giemsa stain.
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Although the function of the caveolae is un-
known, they may engage in micropinocytosis. The
binding of the caveolae to horseradish peroxidase-
labeled antibody from monkeys chronically in-
fected with P, vivey indicates that these sites are
antigenic [43]. In addition, erythrocytes infected
with other species, such as P. falciparum, may
display slitlike structures (Maurer's clefts) within
their cytoplasm that are believed to be extrusions
of the parasitophorus vacuole membranc.

Infection with somie species of plasmodia (e.g.,
P. fulciparum and P. malariae) is associated with
the presence of electron-dense knobs on the sur-
face of the erythrocytes. The knobs of P. fal-
ciparim schizonts form junctions with venous en-
dothelial cells and appear to be the basis for
sequestration of the late 'evelopmental stages in
the deep venous beds. In P. malariae, the knobs
do not serve the same function because deep vas-
cular schizogony (sequestration) is not a feature of
infection with that species. Antibody prepared
against P. fulciparum has been shown to bind to
the knobs [44], but not to arcas of the erythrocyte
membrane lacking knobs. Although the biochemi-
cal significance of interaction between the parasite
and the endothelial cell is unknown, an interesting
speculation is that antibody produced by the host
against knob antigen might somehow protect by
interfering with this cell-cell interaction.

A number of biochemical consequences of the
parasitization of erythrocytes may be important to
the altered rheology and physiology of the cell.
After infection, the total cholesterol content of an
erythrocyte increases, but the ratio of cholesterol
to phospholipid decreases both because of choles-
terol loss from the erythrocyte membrane and
because of a disproportionately greater content of
parasite phospholipid than cholesterol [4]. The
adenosine triphosphate (ATP) content of infected
erythrocytes is increased, as is the sodium content,
whereas the amount of intracellular potassium is
decrcased [45]. It is of interest that increased
sodium content has also been found to be a
feature of the uninfected erythrocytes of the
malarious host [46]). These changes might be
ascribable to modification of the erythrocyte
memoranc lipid-protein structure with an effect
on the ATP-dependent sodium pump [5]. Such
changes may help to account for the observation
that infected erythrocytes are less deformable than
uninfected cells [47). This alteration in the
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rheologic property of the infected cell may be im-
portant in the microvascular obstruction that oc-
curs in infection with P. fulciparum, and it may
also form the basis for splenic trapping of infected
erythrocytes.

Infection may alter the ability of the erythrocyte
to bind or transport substances. A particularly in-
teresting observation by Fitch ¢t al. was that ac-
cumulation of the antimalarial agent chloroquine
is markedly enhanced in erythrocytes infected with
P. berghei [48]. Increased accumulation was
observed in crythrocytes infected with a chloro-
quine-sensitive strain of the parasite; chloroquine-
resistant strains accumulated less of the drug. Pro-
tease treatment of erythrocytes infected with the
resistant  strain  demonstrated patterns of ac-
cumulation of chloroquine similar to those of un-
treated crythrocytes  containing  the sensitive
strain. Chou et al. presented evidence [49] that the
receptor for chloroquine is ferriprotoporphyrin
IX (FP), a degradation product of hemoglobin
found in malarial pigment. FP is found in the pig-
ment of chloroquine-sensitive strains of P. ber-
ghei; in resistant strains pigment is diminished in
amount or absent. Reversion to chloroquine sensi-
tivity is associated with the reappearance of pig-
ment and chloroquine binding. Protease digestion
of hemoglobin appears to result in the production
of FP, which binds chloroquine; the complex then
may result in parasiticidal alterations in the mem-
branes of the host or the parasite [50]. Greater
understanding of the basis of resistance to chloro-
quine may aid in the design of new antimalarial
drugs.

The parasite also profoundly alters the antigenic
composition of the erythrocyte membrane. Anti-
body produced by rhesus monkeys in response to
infection with P. knowlesi can agglutinate
schizont-infected erythrocytes in vitro [51]. This
effect indicates the presence of parasite and/or
altered-self antigen on the cell surface. Interesting-
ly, good evidence suggests that the repeated waves
of parasitemia (recrudescences) experienced by the
host, which are characteristic of this malaria, are
associated with variations in the antigenic compo-
sition of these surface determinants. Each new
wave of parasitemia represents an antigenically
distinct population of infected erythrocytes, to
which the host responds by synthesizing antibody
directed at the new population [52]. However,
whether antigenic variation represents actual
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changes in the parasite or only sequeniial selection
of subpopulations of parasites is unclear.

Furthermore, although whether antigenic varia-
tion occurs in human malaria is unknown, the an-
tigenic heterogencity of P. fulciparum isolates in a
distinct endemic area may be considerable [53].
Evidence suggests that certain antigenic deter-
minants may be conserved among species of the
genus Plasmodinum [54].

Recent evidence indicates that new antigens ap-
pear in the plasma membrane of infected erythro-
cytes and cross-react ncither with membrane
preparations from uninfected erythrocytes nor
with free parasites {55]. It is postulated that these
antigens are ultimately of parasite origin and are
intercalated into the host membrane. The possibil-
ity that, in addition, the antigenic composition or
the host erythrocyte membrane migla be altered
enzymatically by products of the parasite has not
been examined carefully. If such a process occurs,
it could result in altered “self” antigens that might
be immunogenic, or in the exposure of hidden
determinants not present on the surface of normal
crythrocytes.

Host Responses to Malarial Infection

The hallmark of clinical malaria is fever. Fever oc-
curs at the time of schizont rupture [56] in
sychronized infections in which all the parasites
are at about the same stage of maturation. Thus,
the fever pattern is related to the time required for
schizont maturation (schizogony): ~ 48 hr for
P. falciparum, P. vivax, and P. ovale, and ~72 hr
for P. malarige. Although indications are that a
pyrogen might be released during schizont rupture,
none has been identified. One may speculate that
mononuclear phagocytes (in particular, Kupffer
cells) ingest debris of parasite or erythrocyte origin
released during schizont rupture and are stimu-
lated to release endogenous pyrogen. This hy-
pothesis has not as yet been directly tested,
however,

The pathophysiology of malaria has been most
carefully studied in infections of nonimmune in-
dividuals with P. falciparum [57, 58]. At present,
the following sequence of events during severe in-
fection with P. falciparum is plausible.

Schizonts of P. fulciparum become attached to
the surface of endothelial cells in venules of a
varicty of organs, including the brain, lung, heart,



intestines, kidney, spleen, and placenta. This at-
tachment seems to be mediated by the presence of
the electron-dense knobs on the surface of the in-
fected cell. In addition, the decreased deformabili-
ty of the infected cells contributes to a decrease in
local microcircuiation in these organs (or “sludg-
ing” of blood [59]) and results in local hypoxemia.
As a result, the endothelial integrity is breached
and transudation of fluid into the interstitial space
occurs. This sequence is readily observed patho-
logically in the acute pulmonary edema of malar-
ia. If sufficiently severe, this process may uli-
mately lead to lecal microscopic hemorrhage, as is
seen, for example, in cerebral malaria, or to cell
death, as is obscrved in acute tubular necrosis as-
sociated with malaria due to P. falciparum. Of po-
tential nutritional importance are the alterations
in intestinal microcirculation during malaria, al-
though the impact of these changes on intestinal
absorption have not been fully investigated [60].

The vasodilation secondary to fever results in a
decrease in “cffective” plasma  volume and ini-
tiates homeostatic mechanisms aimed at restoring
plasma volume. Secretion of antidiuretic hormone
and aldosterone increases [58] and causes a de-
crease in free-water clearance. When the degree of
renal water resorption exceeds sodium conserva-
tion, hyponatremia results.,

A variety of hematologic abnormalities may
result from malaria. Anemia occurs as a conse-
quence of the rupture of erythrocytes during
schizogony, but the degree of anemia frequently
exceeds that  attributable to the degree of
parasitemia [61].

The basis for the excess anemia is unknown but
to date little evidence suggests that defective eryth-
ropoiesis occurs in human malaria, Although an
autoimmune mechanism has been postulated,
Coombs reactions can rarely be demonstrated in
nonimmune patients with malaria [62]. In con-
trast, evidence of Coombs reactions has recently
been presented in a study of individuals living in a
region where malaria is endemic [63]. Some of
these individuals were Coombs test-positive both
during acute infection and after treatment. The
significance of these observations to the patho-
genesis of the anemia of malaria awaits cluci-
dation.

Thrombocytopenia and granulocytopenia fre-
quently accompany malaria, but spontancous
bleeding and increased susceptibility to bacterial
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infection are rare complications. The basis for the
thrombocytopenia seems to be the sequestration
of most platelets in the enlarged spleen [64]; the
basis of the granulocytopenia is less clear, but
might be similar. Abnormalities in the concentra-
tion of humoral clotting factors also may accom-
pany infection, and chemical evidence for dis-
seminated intravascular coagulopathy is not rare.
However, pathologic evidence of intrasvascular
coagulation may not accompany these chemical
abnormalities [65]. The basis for depression in the
clotting factors and the presence of circulating
fibrin degradation products is uncertain, but
might result from the triggering of the intrinsic
clotting pathway by thromboplastins released
from crythrocytes following schizont rupture.

Immune Response in Malaria

Malaria initiates a number of specific and non-
specific immunologic responses, sorne of which
are significant for host defense. Characteristically,
infection  stimulates polyclonal antibody syn-
thesis resulting in  hypergammaglobulinemia.
Only a small portion of the antibodies produced
appear to have antiplasmodial specificity [66].
Some of the antibody has been shown to have
specificity against autoantigens [67), although
autoimmune disease does not result. The basis for
the polyclonal stimulation is imprecisely under-
stood but may include nonspecific stimulation of
T cells by mitogens present in plasmodia [68). If
the T cells stimulated by these substances include
helper lymphocytes, these might in turn activate a
large number of B-cell clones. Using the rodent
malaria model of Plasmodium yoelii in mice,
Wyler ct al. showed that macrophages of infected
mice secrete supernormal amounts of the mono-
kine lymphocyte-activating factor [69], which
might theoretically enhance the sensitivity of
helper T cells to other immunologic signals (e.g.,
parasite-derived mitogens) and thereby participate
in the polyclonal stimulation of B cells.

Another manifestation of nonspecific stimula-
tion is a dramatic hyperplasia of the spleen associ-
ated with a marked increase in the macrophage
population [70], as well as reorganization of the
distribution of splenic  lymphocytes [71]. The
consequences of splenomegaly include sequestra-
tion of nplatelets and  enhanced trapping  of
parasitized erythrocytes. O’Conor postulated that
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the “reticuloendothelial hyperplasia” resulting
from malaria plays a role in the development of
Burkitt’s lymphoma in patients from malaria-en-
demic regions who are infected with Epstein-Barr
virus and in the development of so-called “tropical
splenomegaly syndrome” [72]. The latter is charac-
terized by massive splenomegaly, hypergamma-
globulinemia, anemiia and neutropenia, and a
characteristic lymphocytic infiltration ol hepatic
sinusoids [73]. Although patients with this discase
frequently lack demonstrable parasitemia, they
often respond to treatment with antimalarial
drugs [74]. The ctiology ol the discase is un-
known, but its geographic distribution is restricted
to malarious arcas, and malaria is believed to play
some role in its pathogenesis.

In addition to nonspecific stimulation of certain
immune responses, malaria may also result in
immunosuppression  [75].  Children  with high
levels of P. falcipariun in the blood were found 1o
have subnormal scroconversion rates when im-
munized with tetanus toxoid [76] or polysac-
charide antigens [77] and to experience decreases
in numbers of circulating T cells [78]. In addition,
a varicty of blunted humoral and cellular immune
responses both in vivo and in vitro have been
observed in rodent malaria. 1t is unclear whether
and in what manner immunosuppression might be
clinically important in children with malaria.
Although these children are considered to be at
greater risk for intercurrent infections (e.g., diar-
rhea, pnecumonia), this belief has not been ade-
quately  documented in controlled  studies.
Whether the immunosuppression somehow inter-
feres with the induction of important antimalarial
immune responscs in children is also unknown. If
it exists, such a mechanism might help to explain
why protective immunity develops slowly in chil-
dren living in endemic regions [79].

Specific immune responses to plasmodia include
synthesis of antibodies to the parasite [89)] as well
as generation of specific T cells [81]. Although no
correlation exists between antibody titer or T-cell
responsiveness and resistance to challenge with the
homologous strain of Plusmaodium, Cohen et al.
clearly demonstrated in humans [82] (and it has
also been shown in experimental animals) that
transfer of y-globulin from immune donors can
protect  recipients  from  malaria.  Similarly,

transfer of spleen cells [83], as well as transfer of

specificially immune T cells, can protect rodents
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from challenge with plasmodia. The precise
mechanism of protection is less well defined,
however. One possibility is that antimerozoite an-
tibody might block the invasion of erythrocytes.
Unfortunately, the presence, in the circulation of
rhesus monkeys, of antibodies that blocked inva-
sion in vitro did not correlate with the ability of
these animals (o resist challenge with the homolo-
gous strain of P. knowlesi [14]. Indirect evidence
[84] supgests that transfer of hyperimmune serum
ro nonimmune rats protected them from challenge
with P. berghei by blocking the invasion of eryth-
rocytes. Another possible protective mechanism
afforded by antibody is opsonization of infected
erythrocytes. Although observations in vitro sug-
gest chat antibody to plasmodia can promote in-
gestion of infected erythrocytes by macrophages
[85], studies of clearance of *'Cr-labeled P, ver-
ghei-infected erythrocytes in rats do not support
this notion [86].

Whether and in what manner complement par-
ticipates in host defense mechanisms is unclear.
Although cyclic alterations in complement com-
ponents (C1, C4) have been observed in relation to
schizont rupture [87], depletion of the later com-
plement components by treatment with cobra
venom factor or carly components with shark fac-
tor had no cffect on the course of infection with
Plasmodinum coatneyi in monkeys [88]. Little is
known about the role of cellular immune
mechanisms in this disease. Preliminary observa-
tions suggest that leukocytes capable of damaging
parasitized erythrocytes might exist, but thase
have not been clearly indentificd [89]. An in-
teresting hypothesis originally proposed in the
1940s and recently revitalized [90] suggests that
soluble leukocyte (macrophage?) products might
be able to alter the transport of nutrients into
parasitized erythrocytes and thereby inhibit the in-
tracellular maturation of plasmodia in immune
animals. The validity and importance of such a
defense mechanism remains to be established.

A particularly striking feature of host du ensec in
malaria is the critical role of the spleen [91].
Splenectomy may have a markedly deleterious ef-
fect on the course of infection in both nonimmune
and immune animals. In what way the spleen ex-
erts a sahutary effect in malaria remains a mystery,
Recent evidence suggests that the function of the
spleen in trapping rigid erythroceytes, such as those
infected with plasmodia, may be important in
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malaria. This trapping function, which interacts
with erythrocytes on the basis of their altered
rheology rather than on the basis of erythrocyte
sensitization by antibody, changes during the
course of acute malaria [92]. Resolution of the
acute infection appears to result from a sudden in-
crease in the ability of the spleen to remove rigid
erythrocytes from circulation.

Finally, an interesting immunopathogenic pro-
cess occurs occasionally in children infected with
P. malarige. These children develop nephrotic
syndrome and, at renal biopsy, are found to have
cither focal or diffuse glomerulonephritis. Deposi-
tion of immune complexes on the glomerular base-
ment membrane have been identified by indirect
tissue immunofluorescence techniques [93], and
plasmodial antigens have been identified in these
immune complexes [94]. These complexes may
arise following the deposition of parasite antigens
in the glomeruli or could result from sequestration
of circulating immune complexes.

Summary and Conclusions

The biology of the host-parasite relationship in
malaria is highly com. 'ex and only recently has re-
ceived broad attention freim molecular biologists
axd immumologists. The soecificity of receptors
on erythroevtes for meros s has been demon-
strated and attention hae drawn to the com-
plex nature of the endocytic precess. Isolation and
characterization of the erythrocyte receptors is
needed, and the alterations in erythrocyte mem-
brane structure during and after invasion are
under study.

The new technique for continuous in vitro culti-
vation of P. fulciparum, currently being applied to
carcful investigations of the metabolism of the in-
tracellular parasite, may provide insights uscful in
the development of new chemotherapeutic agents.
The role of the parasite as an oxidant stress on the
erythrocyte and the impact of genetic variants of
erythrocyte  hemoglobin and enzymes on the
development of the parasite are being clucidated.
The possibility that nutritional factors might be
important in modulating oxidant damage to the
infected crythrocytes needs to be ¢svlored in
greater detail. The significance of deep vascular
schizongony in the development of the parasite
has not been clarified and is potentially important
for the development of novel chemotherapeutic or
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immunoprophylactic treatments for this disecase.
Finally, much remains to be learned about the
basic mechanisms of host defense and im-
munorcgulation in malaria.

The impact of nutritional factors on the various
aspects of the molecular biology of plasmodia is
relatively unexplored. Little is known about the
metabolic consequences of malaria on the host;
carcful studies of metabolic balance in these pa-
tients have not been performed. Finally, the po-
tential impact of malnutrition on the ability of the
host 1o be immunized against malaria may eventu-
ally become of considerable importance. Clearly,
then, the interface between nutrition and parasit-
ism in malaria needs further attention.
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Epidemiologic and immunologic lactors determine the impact of malaria on the
demography and cconomics of human communities. Where malaria is epidemiological-
ly stable, its effects are most obvious in young children; adults, because of acquired im-
munity, are much less affected and remain an cconomically viable work force. Where
the discase is unstable, it affects all age groups and may incapacitate adults enough to
impede food production seriously. Three arcas are identified in which malaria may ad-
versely affect host nutrition: low hirth weight, the development of protein energy mal-
nutrition, and the pathogenesis ol anemia. The influence of host nutrition on malarial
infections is considered. The view is expressed that, although deficiencies of some di-
ctary factors may potentiate the resistance to malaria conferred by some genetic traits,
there is as yet little convincing evidence that malnutritional states in Fomans materially
enhance the severity or lethality of plasmodial infections.

The influence of malaria on human communities
is largely determined by the identity of the prey-
alent plasmodial species and by the epidemiologic
form of transmission in the local environment. Of
the four plasmodial species that infeet humans,
two make relatively minor contributions to the
sum of human sutfering caused by malaria: Plus-
modium malarive undergoes a prolonged period
of development in the mosquito veetor that greatly
limits its transmissibility, and Piasmodium ovale
has limited geographic distribution. Plasmodium
Jalciparum and Plasmodium vivax, on the other
hand, are pathogens of great imporiance. Both are
widespread throughout the world and have the
ability, given suitable circumstances, to spread
rapidly and cause severe, incapacitating illness. OF
these two parasites, 2. fulciparun: is the more
dangerous because untreated infections with this
species frequently terminate in death, whereas un-
treated infections with 2. vivex are rarely lethal,

Macdonald [1] has described the (wo epidemio-
logic extremes in which malaria can exist: one
where instability is the deminant feature and
where incidence is characterized by marked sea-
sonal swings or by intermittent, sometimes cycli-
cal, epidemics; the other where stability is the key-
note and where incidence remains uniform and
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relatively unchanging for long periods of time. Be-
tween these two extremes, intermediate epidemio-
logic patterns occur. Although many factors —en-
tomologic, climatic, genetic, and sociologic —
combine to shape these patterns, one factor, the
acquisition of protective host immunity, is of
paramount importance, The intensity and dura-
tion of infectious challenge are important features
in the evolution of such immunity in both the indi-
vidual and the community. In communities ex-
posed to frequent, repeated inoculation over many
years, the resultant high level of communal im-
munity stabilizes the epidemiologic situation, The
best example of stable malaria occurs in the areas
of tropical Africa where P. falciparim is highly
endemic. There the brunt of infection falls on
young children, with consequent inflation of mor-
bidity and mortality in carly life. In older children,
the progressive acquisition of effective immunity
profoundly reduces the lethal and clinical conse-
quences of infection until, in adult life, with the
possible exception of pregnant women, a host-
parasite balance resembling commensalism is at-
tained {2]. In such a situation adults remain, in the
face of sustained infectious challenge, economi-
cally viable workers, capable of coping with the
strenuous physical activities required for success-
fully raising and harvesting essential food supplies
in subsistence agriculturel communities [3]. There-
fore, wherever stable malaria prevails, measures
to control or eliminate it can be expected to im-
prove the health and survival of young children
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and to contribute to increased population growth,
but not nccessarily to enhance the productive po-
tential of the community.

In contrast, where populations are exposed to
infrequent inoculation or to intense inoculation
for brief isolated periods, a high, persistent level
of communal immunity is not attained, and the
epidemiologic pattern of the disease remains un-
stable. In this situation all age groups of the com-
munity are vulnerable, and infection tends to be
followed by severe clinical illness, irrespective of
age. If the infecting parasite is P. vivay, morbidity
greatly overshadows mortality; if it is P. falci-
parum, morbidity and mortality are both prom-
inent. With unstable malaria, the full economic
impact of the disease becomes obvious. High adult
morbidity may seriously interrupt civil administra-
tion, disrupt lines of communication, and impede
the planting, tending, and harvesting of food
crops. Perhaps the best description of unstable
malaria and its consequences is that by Chris-
tophers [4] concerning the cyclical epidemics of
the Punjab in the early years of this century. Other
more recent examples are the explosive epidemic
that followed the introduction of Anopheles gam-
biae to Brazil in the 1950s [5], the epidemic of P.
Jalciparum in the Ethiopian Highlands in 1958 [6],
and the resurgence of malaria caused by P. vivax
in Sri Lanka in 1967-1968 [7]. Unstable malaria is
the epidemiologic form most feared by malariolo-
gists, particularly wien, for any reason, the dis-
case becomnes resurgent in a country after many
years of cffective control by drugs or by insccti-
cidal control of the mosquito vector,

Today, while we recognize that acquired im-
munity can profoundly modify the conseqgirences
of malarial infection in both the individual and the
community, we remain relatively ignorant of how
protective immunologic responscs arc assembled
and modulated. Two decades ago evidence sug-
gested that antibody-mediated mechanisms formed
the basis of protection; this evidence was based
on the successtul passive transfer to children of
immunity by the immunoglobulin G (1gG) frac-
tion of immune adult serum [8]. However, recent
animal studies [9] have shown that mice rendered
deficient in antibody-producing cells (B cells) re-
main capable of resolving acute malarial infec-
tions; these results indicate that cell-mediated re-
sponses may play an important role in protection.
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Current theory indicates that host responses to
malaria are complex, involving close collaboration
between macrophieges, different subsets of T ceils,
and B cells [10]. Collaboration appcars to be ef-
fected through soluble mediators, as yet poorly
defined and characterized, which are secreted by
participating cells. In the course of the host
response, specific antibodies of the classes 1gG,
1gM, and IgA are synthesized, and complexes of
antibody and antigen develop, some of which ap-
pear capable of activating complement. Some of
these interactions Icad to the death of the parasite
by mechanisms as yet unknown, Others may have
no protective effect, but instecad may initiate new
disease syndromes such as the glomerulonephri-
tis which sometimes develops in infections with
P. malariae. Yet other interactions may induce
depressed host responsiveness, which enhances
plasmodial survival within the lost and may in-
bibit responses to heterologous antigens. This lat-
ter phenomenon must be borne in mind during the
analysis and interpretation of the results of studies
assaying immunclogic defects in individuals who
arc both malnourished and melarious. Lack of
knowledge of the various components of malarial
immunity, their activation, and their sequential
function currently inhibits speculation on how
they may be influenced by concomitant malnutri-
tion of the host.

Effects of Malaria on Nutritional Status
of the Host

Malaria possesses considerable potential for ad-
versely influencing host nutrition. It can restrict
food intake through anorexia and vomiting. In its
febrile phase it induces negative nitrogen balance
[F1]. Through its immunosuppressive effects [12],
it may enhance susceptibility to infection with
other pathogens, with consequent further nutri-
tional deterioration. In addition, infections with
P. malariae may on occasion induce a highly lethal
nephrosis often characterized by massive pro-
teinuria [13]. Yet, with th . possible exception of
improvement in hematologic indices, velatively lit-
tle nutritions! benefit to human populations has
been observed after successful control of malaria
in hyperendemic arcas [14, 15].

From studies of hyperendemic malaria with
which I have been associated, three major arcas in
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which the disease may predispose to adverse nutri-
tional changes are discernible. These are the rela-
tionship between malaria and low birth weight of
infants, the induction of protein energy malnutri-
tion, and the pathogenesis ol anemia.

Low birth weight.  Wherever P, Jalciparum is
highly endemic, exacerbation of malaria occurs in
pregnant women, and parasitization of maternal
placental blood is frequently demonsirable at par-
turition [16-18]. Placental malaria correlates with
low birth weight; average deficits ranging from 85
to 312 g have been described [19, 20). Precisely
why malaria is reactivated during pregnancy is not
known, but placental infection is most common
and severe in women pregnant for the first time
and diminishes progressively as parity increases.
This seems to argue against a hypothesis that the
nutritional stress ol pregnancy induces attenua-
tion of acquired immunity [21]. Nor is it clear by
what mechanism placental malaria leads to low
birth weight. In some instances low birth weight
may be the result of premature delivery: in others
it may be the consequence of placental damage
leading to the expulsion of a full-term but under-
nourished fetus.

Chandra [22] has described how infants who are
small for their gestational age, a feature widely ac-
cepted as evidence of fetal undernutrition, often
have impaired T cell function that can persist
through the carly months i life and may adverse-
ly influence their prospects for survival, To date
no studies have determined whether infants of low
birth weight resulting from placental malaria show
similar immunologic defects.

Protein energy malnutrition.  Protein cnergy
malnutrition, as assessed by low body weight for
age or height, is a prominent feature of carly
childhood throughout much of the developing

world and often coexists with a high prevalence of

communicable discase. Longitudinal studics of the
health of children show that episodes of infectious
illness frequently precede faltering growth and in-
cipient protein energy malnutrition in a manner
suggestive of cause and effect [23-25]. Marsden
[26], in a study of Gambian children, found ma-
laria 1o be the second most common condition
associated with failure to gain weight; the most
common was diarrhea. Rowland et al. [27], also
studying Gambian children, identified malaria
and gastroenteritis as the locally prevalent discases
most detrimental to growth at the ages of 0.6-3
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years. Comparing children protected by chemo-
therapy with unprotected children in terms of in-
crease in body weight, McGregor ct al. [28] found
malaria most detrimental to children 0.5-2 years
of age, i.c., after they had lost passive immunity
and before they had actively acquired effective re-
sistance to the disease. Such studies, however, in-
dicate only in very general terms that malaria pos-
sesses considerable potential for disrupting the
growth of young children. They do not furnish
any precise assessment of the impact of the disease
in those regions of the world where treatment fa-
cilities are absent or negligible and where control
measures are not practiced.

Anemia. Anemia is an important sequel to in-
fection with 2. fulciparum, but is usually less prom-
inent in infections with P. vivax, P. malariae, or
P. ovale. Where P. fulciparum is highly endemic,
malaria-associated anemia is frequent in chil-
dren less than four years old {29} and in pregnant
women, particularly those pregnant for the first
time [18]). The pathogenesic of malarial anemia re-
mains obscure. Destructicr  f crythrocytes by
parasitic invasion is undoubtealy important, but
immunologic destruction of nonparasitized cry-
throcytes may also occur [30]. It is not yet clear
how common or important this la‘ter component
may be. Erythrocytes from malarious subjects
sometimes give positive results in Coombs testing
[21], and 1gG and various complement derivatives
have been detected on their surfaces [31]. How-
ever, it has not yet been demonstrated that such
sensitization leads consistently to erythroeyte des-
truction and is not merely a relatively harmless se-
quel to immune complex formation.

Ancmia caused by P. julciparum has been
variously described as normocytic, megalocytic,
or microeytic. In West Africa, my experience has
been that when anemia follows a single clearly de-
fined episode of infection with £, falciparum in an
otherwise healthy individual, it is almost invari-
ably normocytic in character. After antimalarial
treatment, profuse reticulocytosis rapidly occurs
and hemoglobin levels rise swiftly and spon-
tancously without need for iron or folate therapy.
However, in individuals who have recently ex-
perienced several acute episodes of parasitemia
or who have been chronically infected for lengthy
periods without treatment, the anemia is common-
ly microcytic and bears the morphiologic stigmata
of iron deficiency. Such individuals often, but not
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always, require iron therapy in addition to an-
timalarial treatment for full recovery.

Precisely how repeated or persistent malaria in-
duces iron deficiency is not clear, It may do so by
depressing absorption of iron, by enhancing loss
of iron, perhaps over the period of acute illness
when serum haptoglobin levels are depressed, or
by immobilizing iron for lengthy periods in hemo-
zoin complexes. Which, if any, of these processes
is relevant is not known; clearly, the pathogenesis
of malarial anemia calls for further research.

Effect of Nutritional Status of the
Host on Malaria

Evidence from studies on animals. Scrimshaw
et al. 132] have reviewed the results of numerous
studies exploring the influence of dictary inade-
quacies on malarial infections in laboratory ani-
mals. Findings relating to specific deficiency states
often vary according to the observer and the host-
parasitc model. Studics of deficiencies of certain
nutriments, notaply protein, vitamin A, thiamine,
and niacin, tend to yicld conflicting results; in
some experiments such deficiencies are synergistic;
in others, antagonistic. In general, fairly consis-
tent antagonistic effects are associated with defi-
ciencies of p-aminobenzoic acid, pantothenic acid,
and methionine, and synergistic effects with defi-
ciencies of folic acid and biotin. Overall, specific
dietary deficiencies seem more frequently to retard
than to enhance parasitemia. However, while such
studies have the virtue of being made in controlled
circumstances, their relevance to humans, in
whom deficiency states tend to be complex rather

than simple, is debatable.
In a recent study, Turgett [33] examined the ef-

fects of protein energy malnutrition on malaria in
rodents given synthetic diets of precise composi-
tion that differed only in protein content. Results
indicated an association between the intake of
protein and the level of parasitemia. Rats fed on a
high-protein diet were highly susceptible to infec-
tion; as the protein content of the diet was re-
duced, levcls of parasitemia decreased until, on a
protein-free diet, only a transient, patent infection
occurred. The link between protein and infection,
however, is not simple. Rats fed on a high-protein
dict but allowed only half the quantity taken by
control animals feeding ad libitum on the same
diet showed some retardation of parasite replica-
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tion, and most survived infection, whereas almost
all of the controls died. Since these studies were
designed to test the effects of acute nutritional
stress on infection, further investigations were
made with rats which were chronically under-
nourished (6.8% protein in the diet) and then ex-
posed to infection. These animals developed only
low-grade, resolving parasitemia. If, prior to in-
fection, the chronically undernourished rats were
given a high-protein diet, parasitemia increased
but not to the level observed in healthy control
animals,

Studies of murine malaria have shown that
malaria parasites exert oxidant stress on infected
erythrocytes [34] and that such stress may be
potentiated by a dietary deficiency of antioxidant
substances, possibly leading to the premature lysis
of the infected cell and to the death of the parasite
[35]. Mice receiving diets deficient in vitamin E
developed lower levels of parasitemia and survived
for much longer periods than did control animals.
The oxidant damage affected mature erythrocytes;
reticulocytes appeared resistant and remained
capable of supporting full parasite maturation.
These studies are of considerable interest for, in
addition to demonstrating that dietary factors can
influence the course of malaria in well-defined cir-
cumstances, they also indicate the nature of the
mechanism involved. Further relevance is added
by observations indicating that erythrocyte sen-
sitivity to oxidant damage may form the basis for
the relative protection against P. fulciparum in
humans that the genetic traits glucose-6- 3hosphate
dehydrogenase deficiency and thalassemia are
believed to confer [36].

LEvidence from studies on humans. A few
studies evaluating tiie effects of diets deficient in
p-aminobenzoic acid failed to produce consistent
and convincing results [37-39]. Apart from these
efforts, information linking nutritional status and
malaria in humans essentially derives from
epidemiologic observation,

Currently, evidence is growing that impairment
of human immunologic responsiveness, partic-
ularly impairment of T cell function, is associated
with protein energy malnutrition [40]. Because
T cells are believed to play an important role in
the modulation of protective immunity and be-
cause in much of the developing world protein
energy malnutrition and malaria coexist at a high
prevalence, onc might expect to find enhancement
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ol malarial infections a well-documented feature
of protein energy malnutrition. Such, however, is
not the case. Edington {41} and Brown and Opio
[42] found no cvidence that African children with
protein energy malnutrition were more suscep-
tibile to malaria than were well-nourished chil-
dren, and Edington (41) and Hendrickse et al, [43)
found cerebral malaria more commonly in well-
nourished children than in children with maras-
mus or kwashiorkor.

In The Gambia, McGregor et al. [44] found that
children with clinical stigmata ol protein energy
malnutrition possessed titers of specific malarial
antibodices that were little different from those of
well-nourished children of the same age. Moore et
al. [45] reported that in vitro stimulation with phy-
tohemagglutinen of lymphocytes from children in-
fected with P. falciparum produced decreases in
blastogenesis more often that it did in lympho-
cytes from children with acute protein energy
malnutrition. Edsall ¢t al. {46] found little difter-
ence in the humoral response of well- and poorly
nourished Gambian children to tetanus toxoid. In
association with malaria, however, responses were
substantially depressed.

In summary, at the present time little evidence
exists that protein energy malnutrition materially
modifies immunologic responsiveness (o malaria
or, by other mechanisms, enhances the severity of
plasmodial infections in humans.

Several recorded instances indicate that hyper-
ferremia following administration of iron may ex-
acerbate malarial infections, Byles and D'Sa [47]
noted that infusion of large quantities of iron-
dextran into anemic pregnant women increased
the frequency of attacks of malaria, and Masawe
ct al, [48] described how oral or parenteral iron
therapy appears to precipitate clinical attacks in
patients with latent parasitemia. Murray et al. [49]
found that iron repletion of previously iron-
deficient, anemic Somali tribesmen was frequently
followed by reactivation of preexisting malaria.
These latter authors considered that iron may be
an essential requireme t tor parasitic replication
and that, consequently, malaria was depressed
when their patients were iron-deficent but de-
veloped fully after iron repletion.

In the course of ficld studics in West Africa, 1
have often treated individuals with iron-deficiency
ancmia, many of whom cxhibited asymptomatic
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parasitemia, and have not found oral administra-
tion of iron to exacerbate malaria. My experience,
theretore, varies from that of the Murrays, pos-
sibly because the acquired immunity to malaria
between the groups concerned is different. In the
Somalians, iron deficiency seemed to be primarily
dietary in origin and may have been present from
carly childhood. Is it possible that an iron-defici-
ent diet maintained from carly childhood inhibited
not only replication of the malarial parasite, but
also the acquisition of protective immunity effec-
tive against heavy parasitic challenge, so that
when iron repletion occurred, parasitic replication
casily overcame a weak immunity and became
clinically overt?

In Gambians, on the other hand, iron-
deficiency anemia is scldom due primarily to
dictary deficiency and is almost invariably sec-
ondary to infection with cither malaria or hook-
worm. Consequently, iron-deficiency anemia
tends to develop in individuals who have had prior
extensive infection with malaria and in whom any
tendency for iron repietion to initiate large-scaic
parasitic replication is curtailed by effective im-
munce mechanisms. At any rate, the apparently
discrepant  consequences of iron repletion in
Somalians and Gambians emphasize the need for
studies 1o ascertain whether the sequence in which
a host experiences nutritional and parasitic insults
is an important determinant of subsequent host-
parasite balances.

Concelusion

Evidence currently available does not convincingly
support a view that malnutrition significantly en-
hances the severity of malarial infections in hu-
mans. Further factual information is required to
relate the severity of parasitemia and clinical ill-
ness to carcfully characterized nutritional status.

There is also nced for further study, under
strictly controlled circumstances, of the course
and outcome of malarial infections in experimen-
tal animals with characterized protein cnergy
malnutrition and other deficiency states. Such
studies should scck not only to identify interac-
tions between infection and malnutrition but also
to define the mechanisms involved. Attention
should be paid to whether differences in the se-
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quential presentation of nutritional and infectious
insults can modify ensuing host-parasite balances.
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Discussion: Malaria and Malnutrition

Evidence that parasitic infections and malnutri-
tion can occur simultaneously in the same in-
dividual is abundant, but the question of whether
an interrelationship exists remains unanswered.
Little evidence of such interaction can be brought
forward in the case of malaria. Dr. Wyler’s clegant
review of the host-parasite interactions in malaria
gives no clue, because none is available, that the
infection per se leads to malnutrition. With the
specific exception of a few hosts that are genet-
ically endowed with resistance to malaria, anyone
exposed is susceptible to the disease. Moreover,
intensity of clinical dizcase is approximately pro-
portional to intensity of infection. The only in-
ference of a possible relationship between the in-
tensity of discase and the nutritional state of the
host comes from animal studies demonstrating
that folate deficiency of the host correlates with
reduced severity of infection.

The effect of clinical malaria on nutrition of the
host has not been analyzed critically. It is easy to
postulate that a discase as severe as malaria will
debilitate the patient; anorexia reduces food in-
take, and fever increases energy expenditure.
Moreover, because of fatigue that follows
malaria, those who recover may be unable to com-
pete effectively for food when its availability is
limited. Indecd, the whole question of food pro-
duction by people chronically affected by malaria
is wide open and awaits good analysis. Though in-
direct and secondary, these cffects are extremely
important and are well addressed in the comments
by Dr. lan McGregor.

Other indirect effects are illustrated by Dr.
McGregor. For example, low birth weight caused
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by malaria has a potential effect un nutrition of
the population. The low birth weight of many in-
fants born to mothers who have malaria very likely
results from placental insufficiency. But low birth
weight may also be due to premature deliveries in
clinically ill mothers. In either case, the outcome is
quite consequential for the infant’s future. Small
babies living in poor sanitary conditions have
more infections than larger babies, and, since each
infection retards growth further, the infant never
catches up. Children having inadequate diets who
are continuously at the edge of protein calorie
malnutrition can easily be pushed over 1li» edge by
an cpisode of malaria. More important, malaria,
along with gastroenteritis and respiratory infec-
tions, is one of the many causes of intermittent
growth retardation in young children.

Lastly, anemia, the classic example of malnutri-
tion, is onc of the consequences of malaria. Of
course, much of it is a result of hemolysis, which is
quickly overcome by the bone marrow response of
reticulocytosis; beyond that, however, especially
after many cpisodes of malaria, some individuals
become iron deficient. To what extent this iron
deficiency anemia is caused by malaria is not
known,

Although it is not possible to draw conclusions on
available cvidence, questions about the relation-
ship between malaria and malnutrition are now
well delineated. There are some bits and pieces of
relevant information, but systematic research
directed toward answering these questions is long
overdue.

MICHAEL KaATZ
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Ascariasis: Host-Pathogen Biology

Zbigniew S. Pawlowski

From the Parasitic Diseases Progrannme, World Health
Crganization, Geneva, Switzerland

Ascaris lumbricoides is one of the most common intestinal parasites in humans. Daily
global contamination of the soil by A. lumbricoides eggs is enormous (V9 x 1014 cpps/
day). Physical factors, particularly temperature and moisture, are critical in determin-
ing the maturation of eggs to the infective stage and their survival. Transmission of the
infection to humans, on the other hand, depends more on various sociocconomic fac-
tors. In theory, ascariasis is preventable; it is indeed on the way to disappearing com-
pletely in developed societies where there is a high standard of sanitation. Ascariasis re-
mains a problem in developing countries, however, where methods of disposal of
human exereta are inadequate. The intensity of invasion is regulated by specific and
nonspecific responses of the host to migrating A. lmbricoides larvae. Whether or not
ascariasis becomes symptomatic depends on the intensity of the infection, the nutri-
tional and immunologic status of the host, and the possible complications that may
arise. Host responses 1o A, hunbricoides are brisk during the larval migratory stage in
which hypersensitivity reactions may become clinically manifest, whereas people are
rather tolerant of intestinal infections with adult worms. The role of ascariasis in the
prevalence of allergic asthma still remains unclear. Complications due to migration of
adult worms into the biliary duct system and to intestinal obstructions are the major

causes of acute morbidity and mortality in ascariasis,

Ascaris lumbricoides is a parasite specilic primari-
ly to humans. The physiology and biochemistry of
Ascaris species have been extensively  studied
because the parasite is well suited for research in
biotogical laboratories. The host-parasite biology
has also been studied in many experimental animal
madels. Despite the considerable amount of knowl-
cdge available on Ascaris, several questions con-
cerning the ecologic, epidemiologic, pathological,
and clinical aspects of ascariasis in humans remain
unanswered.

Ascaris lumbricoides is one of the most com-
mon intestinal parasites in the world. There are
two conceptually separate populations and reser-
voirs of A. lumbricoides: the adult worms that
parasitize humans and the eggs that contaminate
the environment. The size of the former popula-
tion can be estimated at 27.8 billion adult worms
by muitiplying 1.3 billion, the expected number of
human hosts infected [1], by six, the expected
mean number of parasites in a single host [2]. The

Parts ol this original article have already been published
the WHO Technical Report Series No. 666: Intestinal prote-
coan and helminthic infections. WHQO, Geneva, 1981,

Please address requests for reprints to Dr, Zbigniew S.
Pawlowski, Parasitic Discases Programme, World Health
Organization, 1211 Geneva 27, Switzerland.

806

factors that repulate the population of A. fum-
bricoides arc complex. Among the various ccolog-
ic elements, physical factors are most important in
regulating the number of invasive eggs in the envi-
ronment. Transmission to humans is closely re-
lated to socioeconomic factors. Various specific
and nonspecific host reactions, directed mainly
against the migratory larvae, regulate the intensity
of invasion,

Ascaris invasion is a sequence of events deter-
mined by the parasite trying to complete its life cy-
cle and the host sategnarding the integrity of its
own body. The response of the host depends on
the stage and intensity of the invasion. The
response o Ascaris at the larval stage is usually
strong, and hypersensitivity frequently occurs.
Human hosts are often tolerant of intestinal in-
fection with adult worms. A person can react vig-
orously to an ascaris allergen if he or she is not
desensitized in the course of infectior. Compli-
cations due to migration of adult worms and to
intestinal obstructions are relatively unusual con-
sequences in humans, but they are the most im-
portant causes of mortality in ascariasis. Based on
descriptions of clinical cases, the complications of
ascariasis are casily summarized. However, in
terms of public health, morbidity and mortality



Ascariasis: Host-Pathogen Biology

due to the complications of ascariasis have not
been well documented and their significance has
not heen adequately discussed [3]. An analysis of
the impact of ascariasis on the nutritional and im-
mune status of the human host is also lacking. The
alterations that A. lumibricoides produces on the
structure, physiology, and biochemistry of the
human intestine and the indirect nutritional and
immunologic consequences of ascariasis are not
yet fully understood. Until these aspects have been
adequatcly studied in laboratories, in clinics, and
in the field, any conclusions regarding the global
importance of human ascariasis in public health
will remain debatable [4].

Specificity of Ascaris to the Human Host

Ascaris lumbricoides is a roundworm specific to
humaneg; it has also been found accidentally in
other hosts, including orangutan, dog, cat, and
sheep. A. lumbricoides is most closely related to
Ascaris suum, the roundworm that infects pigs.
These two organisms have minor morphologic dis-
tinctions and physiologic differences. They do
evidently differ in their capacity to invade their
natural and accidental hosts since A. ston, which
develops fully in the pigs, in man develops to the
larval, tissue-migratory stages and rarely reaches
the adult intestinal stage [5-7].

Ascaris lumbricoides is the primary cause of
human ascariasis. However, in many regions of
the world, humans are frequently exposed to the
invasive epgs of A. suum [8] and Toxocara
species; the degree to which such exposure to non-
specific but closely related species of Ascaris influ-
ences the pathology, immunology, and epidemiol-
ogy of ascariasis remains unknown,

Although infections due to A. lumbricoides
have been experimentally induced in humans [5, 9,
10], much of our knowledge about human ascaria-
sis derives from infections experimentally induced
with A. suum in animals. Such infections in pigs
provide a good experimental model for studying
both invasiveness [11, 12] and intestinal pathology
[13] in ascariasis. For immunologic studies, infec-
tions with A, suwm are commonly induced in small
laboratory rodents. Monkeys are widely used for
observations of the host’s response to ascaris aller-
gen. Although such experimental models are ex-
cellent in many respects, the limitations are ob-
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vious from the interpretation of the results in rela-
tion to A. lumbricoides infection in humans: the
unnatural hosts respond more strongly to the inva-
sion of unusual parasites. Since clinical and epide-
miologic observations also have their limitations,
many aspects of the human-parasite relationship
in ascariasis are not yet understood.

Ascaris lumbricoides Eggs in the Environment

The reproductive potential of the A. lumbricoides
female worm is extremely high (~240,000 eggs/
day) [14] and thus counterbalances the hecavy
losses in viability and infectivity of the eggs in the
environment. The global external environment is
contaminated daily by ~9 x 104 eggs. The results
of examination of soil for helminth ova provide
some information on the extent and intensity of
the environmental pollution: in Sawahlunto, West
Sumatra, Indonesia, A. lumbricoides cggs were
found in 45% of 55 samples (2 g each) of soil col-
lected around nine farmhouses {15]; in a study of
ascariasis in Poland, 71% of 935 samples (100 g
cach) of soil had A. lumbricoides eggs, and the
means for two consecutive years were 1.8 and 2.8
cggs per gram of soil {16]. The infrastructure of
the soil and the mechanical action of rain cause a
patchy concentration of cggs in the ground [17]
and may be responsible for massive infections oc-
curring from time to time rather than limited in-
fections occurring regularly,

Of the various ecologic elements (landscape,
weather, and type of soil) that regulate the popula-
tion of A. lumbricoides eggs outside the human
host, the most important are the physical factors:
temperature, moisture, oxygen pressure, and ul-
traviolet irradiation. Since the eggshell is
perincable to water, desiccation and higher tem-
peratures readily kill the eggs [18, 19]. Depending
on the ccologic factors, A. lumibricoides eggs can
survive for more than six years in a temperate
climate [20] but for only a few hours in tropical
conditions [21]. In Samarkand, USSR, 0.3% of
the eggs in the soil still had mobile larvae and
0.04% were invasive to the guinea pig after 14
years in that climate [22].

Unfavorable climate factors, such as the cold
winter in Europe [16] and brief deviations from
the normally warm, arid climate in Saudi Arabia
[23], are responsible for scasonable breaks in
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transmission. In many regions of the world with a
warm, moist climate, the transmission of ascaria-
sis occurs throughout the year.

Transmission of Ascariasis to Humans

The magnitude of the natural transmission of as-
cariasis in endemic areas can be measured by ex-
amining the reinfection rate after successful mass
chemotherapy. This rate is a function of (/) the in-
fection pressure (i.c., the number of possible
human exposures in a certain area in a given time)
and (2) the host responses, mainly immunologic,
that regulate the number of adult worms that
develop. In some endemic arcas the reinfection
rate is as high as 30% per month, i.c., 30% of the
people start to excrete A. lumbricoides eggs within
the thard month after deworming (this includes a
two-month prepatent period) [24). In arcas where
there is a high reinfection rate, the etfect of a
single mass chemotherapeutic action may disap-
pear within six months.

The level of transmission of the infection from
soil to humans depends on socioeconomic rather
than physical factors., The main elements seem to
be a dense human population, its involvement in
agricultural production (especially with extensive
use of human nightsoil), illiteracy, poor sanita-
tion, and particular cultural habits [25-28].

The results of epidemiologic studies carried out
in several countries illustrate the global prevalence
of ascariasis. In Colombia, for example, the over-
all prevalence of A, hunbricoides infection is
54%, with schoolchildren comprising the group
affected most fiequently (66%). There is a direct
correlation betwzen low salary and high preva-
lence, and the rural population is parasitized twice
as frequently as is the urban population. The fre-
quency of moderate and intense infections follows
a pattern similar to that for the overall prevalence;
infections with > 5,000 eggs/g of feces constitute
about onc-third of all infections [29). In Kenya, it
has been estimated that ~25% of the population is
infected with A. hanbricoides. The prevalence is
highest in children, of whom 20%-80% are in-
fected, and ascariasis is more prevalent in densely
populated arcas, especially in western Kenya and
Nairobi. The assumed mean intensity of infection
was seven worms per infected person [30].

In the Republic of South Korea, the prevalence
of ascariasis in 1971 was 46.4% in the urban popu-
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lation and 59.6% in the rural population. There
was little difference in the infection rate between
the two sexes and among the various age groups.
The level of education and the standard of living
had some influence on the prevalence and inten-
sity of ascariasis: graduates from primary schools
had a higher prevalence (63.2%) than did those
from colleges (37.8%), and the mean number of
A, lumbricoides cgps/g of feces for hospitalized
patients in the open wards was 5,936, whereas for
private patients it was only 1,846 [31].

The prevalence of ascariasis may vary in differ-
ent localities; however, there are few community
profile studies that are helpful in understanding
the local means of transmission or that permit
generalizations beyond the statement that “the
prevalence of ascariasis is very high in some
familices” [25].

In conclusion, the world distribution of
ascariasis follows an endemic pattern. The factors
responsible for high (>60% of the human popula-
tion infected) and low (<20% of the population
infected, mostly children) endemicity have not
been studied sufficiently. A pattern of low en-
demicity is characteristic for seasonal types of
transmission, e.g., in Europe and in Saudi Arabia.
In such areas, a patchy distribution of ascariasis
(only in some localities or in some families) is fre-
quently observed, especially in arcas where as-
cariasis is disappearing simultancously with im-
proved sanitation [32, 33]. However, there have
been epidemics of ascariasis, c.g., in 1947-1948
around the vast, irrigated fields at Griesheim in
West Germany [34]. The various endemic and
epidemic patterns of ascariasis not only depend on
the sclective pressures in the environment but also
arc regulated by the immunity of the local human
population.

Regulation of the Intensity of Invasion

Ascaris lumbricoides must cross several barriers
when invading a human host. For a successful in-
vasion, the mucosa of the small intestine, the hep-
atic tissue, and the alveolar walls of the lung must
be penetrated; passages must be made through the
lymphatics, the blood vessels, the upper respira-
tory tract, and the stomach (twice); and several
rapid changes in the quality of the biotope and in
the protective mechanisms of the host must be
withstood (figure I). Even after finally scttling in
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Biotope

External environment
Shaded soil; optimal
temperature 28 C-32 C;
moisture >80%%; oxygen
present

Invasive egg
(with L, larva)

Stage

Fertilized egg
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Time

Embriogenesis {development
of L, larva) takes 10-14

days at 28 C-32 C and 45-55
days at 16 C-18 C

Survival time extends from
hours in warm, arid zones
to 6 years in temperate
zones

Transmission from external environment lo human host

Human host
Small intestine

Liver
Lungs
Small intestine

After hatching
L, larva

L, larva
L, larva

1-2 days after infection

1-4 days after infection

5-14 days after infection
Development to sexual maturity
in 60-75 days after infection

Adult male (11-22 cm)

and female (13-30 cm)

Survival time ~1 year

producing eggs

Transmission from human host to external environment

Figure 1.

the small intestine, preadult and adult 4. humbri-
coides cannot always resist the increased body
temperature and peristalsis of the human host.
In humans, sterilizing (fully protective) im-
munity against A. lumbricoides infection is rare;
as a rule, immunity is incomplete and manifests
itsell by a reduction in the number of parasites.
The mechanisms responsible for partial resistance
to infections with A. swwm in laboratory animals
are active during the carly intestinal stage, inter-
fering with the process of hatching and with larval
penctration of the mucosa of the small intestine
[35, 36}, and during the tissue stage, immobilizing
and destroying the larvac in the lung tissue [37]
and acting on the immature worms in the small in-
testine soon after the third moulting. Recently, an
Ascaris culture fluid antigen (ACF) was obtained
by cultivation in vitro of third-stage A. suum to
the fourth stage; this antigen induced significant
protection in guinea pigs against a challenge infec-
tion [38]. Under experimental conditions, a signif-
icant level of protective immunity against A, suum
in pigs is achicved only after feeding them with
multiple, large doses of infective eggs [39, 40]. It is
unclear whether the low intensity ol ascariasis ob-
served in older people in endemic areas is a result

Diagrammatic representation of the life cycle of Ascaris lumbricoides.

of continuous exposure [41] and, if so, which mech-
anisms are involved.

The immune response in experimentally induced
ascariasis follows the gencral pattern of develop-
ment of immunity in a mammalian host; there are,
however, some differences between the response
in nonimmune and immune hosts, In nonimmune
hosts, the first antibodies can be detected on the
sixth day after inoculation. The lev L of circulating
antibodies reaches its maximum in the third and
fourth weeks and then decreases slowly during the
second and third months. 1gM antibodies appear
first, while antibodies of the 1gG classes are preva-
lent later. The antibody levels correlate well with
the number of plasma cells in the lymph nodes and
spleen [42]. An immune host responds almost im-
mediately to inoculation with Ascaris.

Phills and co-workers [6] observed patients in-
fected with A. suum and found that high titers of
precipitating antibody with IgM mobility cor-
related with reduction in worm burden.

Reagins, particularly IgE and some of the 1gGl
class, form during the migration of ascaris larvae
through the lungs and during the intestinal infec-
tion, especially in its carly phase when the larvae
moult for the fourth time and become preadult.
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IgE immunoglobulins are mainly produced by
plasma cells in the small intestine,

The mechanisms responsible for sensitization or
desensitization and susceptibility or resistance to
reinfection are still unclear. Analysis of the pro-
tein-polysaccharide antigens of A. swem indicates
the presence of multiple determinants. Some e
immunogenic, stimulating production of specific
precipitating antibodies; others are allergenic, re-
sponsible for reaginic IgE production and locul or
systemic hypersensitive reactions, such as bropn-
chial asthma, angioncurotic edema, and urticaria.

Since allergic reactions in ascariasis have a dis-
tinet clinical expression, they will be discussed sep-
arately. However, IgE reaginic antibodies may
play an important role in the promotion of a suc-
cession of immunologic mechanisms or their inter-
actions and may thus participate in the reduction
of the number of invading ascaris larvac.

Cellular immunity plays an important role in re-
ducing the number of migrating larvae, but the ef-
fector mechanism remains unclear; this is not sole-
ly a T-cell-mediated phenomenon [43}. The more
studies performed, the more complex seems the
host’s responses to the invading ascaris larvac.
Whether specific or nonspecific, the response of
the hostis directed against the surface of the worm
or its digestive cells, which are more vulnerable to
¢ytotoxins. The role of nonimmunologic protec-
tive mechanisms may be substantial. For example,
fluids extracted from the ascaris body cavity con-
tain cosinophil chemotactic facte. and neutrophil
chemotactic factor, which have physiochemical
characteristics differing from those of ascaris an-
tigen [44]. However, the in-vitro adherence test
with washed peritoneal exudate cells from mice
showed that  there  are  some  nonspecific
mechanisms for killing A. swwm larvae that are
mediated by carbohydrates or divalent cations and
are independent of the presence of antibodies
and/or complement [45).

Ascaris Infection and Discase

There are two extremes in the clinical expression
of ascariasis: asymptomatic infection and severe
ascariasis, which, due to complications, is fre-
quently fatal, Asymptomatic infections are usual-
ly mild and occur in well-nourished hosts; how-
cver, some fatal complications may occur even in
this group. Intersive infections in young, under-
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nourished children whose immunologic abilities
arc consistently challenged by other infections are
usually symptomatic; such infections are not un-
common in most arcas where A. lumbricoides is
cndemic. This generalization takes into account
two factors: the intensity of infection and the
nutritional and immunologic status of the host. In
theory, one may also classify ascariasis as asymp-
tomatic without pathological changes, asymp-
tomatic with pathological changes, and symp-
tomatic due to pathological changes. In practice,
however, questions of the degree of structural and
functional modifications constituting a pathologi-
cal change and the degree of pathological changes
:ausing evident or measurable symptoms remain
unanswered, since these factors vary greatly in dif-
ferent individuals and populations. Studies of the
relationship between A. fumbricoides and humans
may produce conflicting results unless the biologic
potentials of the different hosts are comparable.,
The more known about the host, the better the un-
derstanding of the ascariasis in that host. This
statement applies to the whole range of problems
of polyparasitism and to the relation between nu-
trition and infection.

In ascariasis the pathology and symptomato-
logy differ widely between the tissue phase of in-
fection caused by the migrating larvac and the in-
testinal phase caused by preadult and adult
worms. The difference is mainly in the type of
reaction and/or its intensity. In the tissue phase
the inflammatory and immunologic reactions
prevail, whereas in the intestinal phase the host’s
intestinal fusetions seem to be most affected,

The pathology and clinical aspects of the migra-
tory phase have been widely studied and reviewed
(46, 47]. In countries such as Saudi Arabia where
A lunibricoides transmission is scasonal, pneu-
mouitis due to Ascaris is common and may be an
even more serious pubiic health problem than the
intestinal infection that follows it [48].

Host Responses to Ascaris Adult Stages

The host usually responds to intestinal infection
with adult Ascaris with a great deal ol tolerance, a
response that is typical for infection with most in-
testinal  luminal  parasites. Roentgenographic
studies of ascariasis in humans show that 87% of
the worms are present in the jejunum (49). The
worris remain stationary most of the time; braced
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against the intestinal wall, they are not affected by
normal intestinal peristaltic action. The spiral for-
ward movement and a tendency to enter small
openings (whether it be the ampulla of Vater or a
drainage tube) are characteristic of Ascaris
species.

Observations in pigs infected with A. suwum
showed highly significant hypertrophy of the in-
testinal muscle layers, a corrugated appearance of
the mucosa, a shortening of the crypt depth, and a
diminished amount of mucus [13]. These changes
correspond to the disordered pattern of the ~mall
bowel (most commonly a coarsening of the miico-
sal folds of the small intestine) observed during
roentgenographic examination in the majority of
patients with ascariasis {50]. The rciationship of
these morphologic changes to the symptomatol-
ogy of ascariasis and to the impaired absorption
of nutrients is not clear. Strong inhibitors of the
trvpsin and chymotrypsin of the host were found
in extracts of A. syum and in supernatants from
culture media in vitro {51, 52]. It is unlikely, how-
ever, that ascaris antienzymes greatly disturb the
digestive processes of the host.

The metabolism of Ascaris has been studied ex-
tensively; however, there is still little information
on how well the host tolerates ascaris metabolites
and whether they interfere with the host metabo-
lism, Some interesting observations have been
made on the presence of volatile fatty acids ex-
creted in easily detectable amounts in the urine of
the infected host [53], on functional pyridoxine
deficiency [54], on substandard levels of vitamins
A and C in parasitized children (reviewed by
Layrisse and Vargas [55]) and on the antimetabolic
activity of some ascaris metabolites [56]. Studies
have indicated that ascariasis itself is responsible
for decreases in growth, absorption of various
nutrients, and lactose tolerance [57}. These patho-
Ingical effects seem to be closely related to the in-
tensity of the ascaris infection as well as to other
factors, including polyparasitism, that affect the
nutritional and immunec status of the host. The ef-
fect of ascariasis on nutritional status is reviewed
separately [58].

Local intestinal hypersensitivity reactions have
not been adequately studied. Arseculeratne et al.
{59] have recently proposed that Ascaris may be
involved in the pathogenesis of necrotizing enteri-
tis. Ascaris antigen may be responsible for a type |
hypersensitivity rcaction leading to shedding of
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the epithelium at the tips of the villi and/or in-
filtration of eosinophils at the site of an antigen-
antibody reaction; Ascaris may also act directly by
liberating vasoactive amines, which cause the de-
granulation of intestinal mast cells and all its con-
sequences. If these observations are confirmed,
necrotizing enteritis must be included among the
serious complications of ascariasis.

Host Responses to the Ascaris Allergen

The ascaris allergen is the most potent allergen of
parasitic origin. It is present in all stages of the
ascaris life cycle, and its physico chemical and bio-
logic properties are known [60]. An increase in cir-
culating IgE globulins is common in human ascar-
iasis but is not nccessarily related to the atopic
changes present [6]. Ascaris infection causes a
nonspecific potentiation of IgE since only a small
percentage of IgE globulins has antibodies specific
for Ascaris [61]. The ascaris allergen can cause a
hypersensitivity reaction in the lungs, skin, con-
junctiva, and gastrointestinal tract. Such reactions
have been observed in infected individuals and in
laboratory workers who were in contact with the
ascaris allergen. Coles [62] has described a gastro-
intestinal allergy to the ascaris allergen in an
uninfected laboratory worker who experienced
repcated episodes of abdominal pain, heartburn,
and diarrhea. Casuistic descriptions of cases of al-
lergy to Ascaris, which is sometimes life-threaten-
ing, are an important source of information.
However, strongly conflicting conclusions have
emerged from studies on the relation between
ascariasis and the prevalence of allergic asthma, It
has been suggested that high levels of serum IgE
caused by a high rate of infection with helminths
suppress the prevalence of asthma in children in
tropical countries because parasite-specific IgE
saturates binding sites on mast cells and prevents
IgE specific for common, inhaled allergens from
making contact with mast cells in the respiratory
tract [63]. More recent studies have shown that
parasite-specific IgE on bronchial mast cells did
not prevent acute asthmatic episodes after ¢x-
posurc to housedust antigen [64]; on the contraty,
an Ascaris-induced immune response enhanced
IgE-mediated reactivity to common, inhaled
allergens in both allergic and clinically nonallergic
individuals [65]. The cxistence of a beta adrenergic
blockade, as shown by a negative epinephrine test,
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may also explain the increased incidence of eo-
sinophilia and allergic manifestations in children
infected with Ascaris [66].

An evaluation of the impact of allergy due to
Ascaris on the hcalth of whole ropulations is not
possible without furth2r well-controlled studies in
areas where ascaris infection is endemic.

Serious Complications of Intestinal Ascariasis

The most serious complications of human ascaria-
sis are duc to migration of the adult worm and to
intestinal obstruction by a bolus of aduli worms.
The migratinn of ascaris worms outside their
natural biotope is promoted in the host by fever, a
diet rich in pepper, ancsthesia, and improper
treatment; it is probably more frequent in infec-
tions with a single worm or worms of the same sex
[47]. Su.n migration may cause (in order of
decreasing frequency) the foliowing complica-
tions: obstruction of the hepatic duct, appendici-
tis, intestinal perforation, including penetration of
intestinal incisions, and pancreatic duct obstruc-
tion [67]. Vomiting of adult ascaris worms occurred
in 3.3% of the 580 cases observed by Pawlowski
[47]; as a resuli, Ascaris may penetrate the upper
respiratory tract and the eustachian tube.

The intestinal obstruction most commonly oc-
curs at the terminal ileum and is caused not only
by an aggregation of crowded worms but probably
also by an intestinal spasm produced by irritation
of some receptors in the mucosa [68]. Intestinal
obstruction is more frequent in intensive infec-
tions. The rate of intestinal obstructions per year
in the southcastern United States is approximately
two per 1,005 in children aged 1-5 years infected
with Ascaris [3]. Intestinal obstruction due to as-
cariasis and complications due to migration of
Ascaris constituted 10%-15% of all acute abdom-
inal emergencies in Cape Town, South Africa, and
were second in frequency only to acute appendici-
tis [69]; the peak incidence was observed in
children between four and eight years of age. In
Acapulco, Mexico, where Ascaris is a common
parasite, intestinal obstructions and subobstruc-
tions rank fifth as a cause of admission to hospi-
tal; among 1,461 pediatric admissions in one year,
85 children were admitted because of obstruction
due to Ascaris [70].

There is still inadequate information about the
frequency of life-threatening complications of as-

Pawlowski

cariasis requiring surgery in many endemic areas;
thus, evaluation of the approximate rate of mor-
tality from A. lumbricoides in the world is dif-
ficult. Even if fatality is as low as six deaths per
100,000 [25], several hundred deaths would occur
among the millions of people who are infected by
this parasite.
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Ascariasis: Nutritional Implications
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Ascaris lumbricoides, the roundworm, is one of the largest parasites of man and prob-
ably infects one in four persons in the world. Despite its prevalence, ascariasis is a large-
ly neglected public health problem that has attracted relatively little scientific inquiry.
Frequerntly, a number of biases contribute 1o the uncritical conclusion that infection
with A. lumbricoides adversely affects the nutritional status of the host. This situation is
exacerbated by a number of studies that have confirnied these biases but have employed
questionable methods, such as the use of small samples and indistinct categories, the
neglect of the double-blind safeguard, the selection of inadequate controls, and the per-
formance of experiments that are not reproducible in a variety of circumstances. It is in-
teresting to note that studies claiming positive correlation between ascariasis and
protein energy malnutrition have not found a significant difierence in weight between
infected and uninfected children before intervention. Furthermore, several recent
studies have shown no significant improvement in nutritional status after intervention.
Thus, the causal relationship between ascariasis and protein energy malnutrition is not
clearly proved, and it is premature to advocate mass treatment of children in ascariasis-

endemic areas as a method to enhance their growth and development.

To believe with certainty we must begin with doubting.
Stanislaus, King of Poland, Maxims No. 6!

Ascaris lunbricoides, the roundworm, is one of
the largest parasites that infects humans, and it is
generally believed to infect one of every four per-
sons in the world [1]. Despite these considerations,
this parasite has been the subject of relatively little
scientific inquiry, and ascariasis is a neglected
public health problem. Although one aspect of as-
cariasis, the role that the parasite plays in the nu-
trition of the host, has been the subject or consid-
crable speculation, it too has attracted little scien-
tific inquiry until recently. One should analyze this
issue with considerable skepticism because in the
place of factual information arc many biases that
'ead uncritically to the conclusion that A. fumbri-
coides adversely affects the nutrition of the human
host. These biases are: (1) A. humbricoides in-
habits the small intestine of thie host, where a ma-
jor share of digestior and absorption of nutrients
occurs. One is tempted to conclude that the para-
site competes direetly with the host for a finite
amount of nutrients. (2) Other intestinal hel-
minths ar¢ well-known causes of malnutrition.
Ancylostoma duodenale and Necator americanis

Please address requests for reprints to Dr. Myron G. Schultz,
Parasitic Diseases Division, Bureau of Epidemiology, Centers
for Discase Control, Atlanta, Georgia 30333.
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can cause microcytic, hypochromic anemia; hypo-
albuminemia; and stunted growth. Diphvioboth-
ritvn latunt can cause hypovitaminosis By, and
megaloblastic anemia. In the popular lexicon, in-
fections with Tuenie are associated with hunger
and weight loss. A. lumbricoides might, ther~fore
be grouped with other worms as a cause of malnu-
trition before any association is scientifically
proved. (3) A wide range of other viral, bacterial,
and protozoan pathogens that produce both sys-
temic and enteric infections is well known to be
detrimental to the nutrition of the host. (4) Some
studies have concluded that ascariasis is detri-
mental to host nutrition. These studies should be
critically evaluated, however. The examination of
the relationship between infection with A. Jfum-
bricoides and the nutrition of the host is a complex
endeavor requiring the control of many variables.
(5) Intestinal parasites and malnutrition occur
most often in persons of low sociocconomic
status. Although these two conditions coexist in
the same populations and are cach directly related
1o poverty, they are not necessarily related to each
other. These preventable health conditions are oc-
casionally the focus of social and political activity,
which, however well intended, often attributes a
causc-and-cffect relationship to coexisting condi-
tions and thereby concludes that ascariasis is a
causc of malnutrition.
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Mechanisms of Action

Sporadic reports in the literature have claimed
that infection with A. lumbricoides causes malnu-
trition, stunting, xerophthalmia, vitamin defi-
ciencies, and other nutrition-related conditions.
However, few studies have proved these claims
and shown the actual mechanisms of action. Fur-
thermore, those who have studied malnourished
children infected with A. lumbricoides examined
absorption before and after treatment instead of
using concurrent controls. The mechanisms they
have hypothesized are: (/) consumption by round-
worms of nutrients needed by the host; (2) inter-
ference with intestinal absorption due to mucosal
damage by the parasites; (3) loss of nutrients,
fluid, and eclectrolytes through diarrhea and
vomiting; and (4) production of proteolytic sub-
stances by the parasites.

Protein deficiency could be caused cither by im-
pairment of digestion and absorption or by loss of
protein through the roundworm eggs. One million
eggs, which are produced daily by five female
A. lumbricoides, contain 4.24 mg of nitiogen, an
amount that is not critical for the well-nourished
host [2]. Jejunal mucosal abnormalities in infected
persons were found by Tripathy et al. [3], Lagun-
doye [4], and Maxwell et al. [5]. Layrisse and Var-
gas [6] described changes in intestinal microflora,
which aid the biosynthesis and digestion of nutri-
ents. Chatterjec hypothesized that trypsin and
chymotrypsin are neutralized by “ascarase,” an
antienzyme polypeptide product of A. lumiri-
coides [7]. The larval stages of A. lumbricoides
could affect the nutritional status of the host when
they migrate through the viscera. The ability of
migrating larvae to cause the Loeffler syndrome
suggests that they could have other, more subtle
effects that impair host nutrition by either specific
or general means. This aspect of ascariasis has not
been studied.

Clinical Studies

One of the earliest clinical studies of ascariasis and
nutrition was performed by Venkatachalan: and
Patwardhan in 1953 [2]. Studying a small number
of hospitalized Indian children with moderate in-
fections (mean, 26 worms), these investigators
found a significant reduction in mean fecal nitro-
gen excretion after deworming. The change in
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nitrogen excretion was not due to improved hospi-
tal diet, the nitrogen content of the eggs, or the
drugs used to eliminate the parasites. Tripathy et
al. confirmed this work and demonstrated both in-
testinal loss of 7%-9% of dietary fat and abnor-
mal carbohydrate (p-xylose) absorption in in-
fected subjects [3, 8].

Some studies have found no relationship be-
tween ascariasis and the nitrogen or carbohydrate
metabolism of children. Bray [9] studied four
Nigerian children and found no consistent differ-
ences in nitrogen absorption or utilization before
or after deworming. Teotia et al. [10] found that
only onc of five Indian children infected with
A. lumbricoides cxhibited tat malabsorption.
Freij et al. [11] found no siynificant differences in
nitrogen, fat, and xylose absorption in a small
number of lightly infected children who received
cither piperazine or a placebo.

Several studies have indicated that Ascaris can
interfere with absorption of vitamin A and con-
tribute to xerophthalmia. Rodger et al. [12] found
a group of infected patients to have a somewhat
lower mean serum vitamin A value than unin-
fected controls, but this study did not include sta-
tistical analysis of the difference. Sivakumar and
Reddy [13] showed that children infected with
A. lumbricoides absorbed significantly less of a
test dose of orally administered, radioactively
labeled vitamin A than did uninfected controls.
They suggested that in areas where xerophthalmia
is common, vitamin A deficiency could be exacer-
bated by the presence of A. lumbricoides. Maha-
lanabis et al. [14] found that patients with ascaria-
sis showed poorer absorption of radioactively
labeled vitamin A than did uninfected controls.

Morgan ct al. compared the infected subjects
with the uniniected subjects studied in the Louisi-
ana portion of the Ten State Nutrition Survey
[15]. No significant difference between subjects
infected wiih A. lumbricoides and controls was
found with respect to mean levels of hemoglobin,
hematocrit, vitamin A, carotene, vitamin C, or
total serum protein. The 31 controls in Morgan’s
study had slightly higher mean albumin levels than
the 31 subjects with ascariasis; the difference was
statistically significant. Blumenthal and Schultz
[16] corapared the nutritional status of 30 children
living in rural Louisiana who were infected wit!.
A. lumbricoides with that of 30 uninfecicd
matched controls. Ascariasis had a statistically
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significant adverse effect on levels of albumin in
serum and vitamin C in plasma, but no child had
inadequai ~ tevels of these nutrients. Evidence sug-
gested t..at the infection adversely affected the
ratio of weight to height as well as riboflavin
levels, whereas it had no significant effect on
seven other laboratory measurements. Dodin also
showed a relationship between ascariasis and vita-
min C metabolism {17]. All of 38 patients infected
with A, lumbricoides had abnormally low excre-
tion of vitamin C after a test dose, whereas only
three of 13 uninfected controls failed to excrete a
normal amount of the vitamin.

Recent Community Studies

Until recently, no published studies have exam-
ined the long-term relationship between the elim-
ination of infection with A. fumbricoides and
protein energy malnutrition in children living in
communities where ascariasis is endemic. In the
past few years, several independent longitudinal
studies have been published on this subject
[18-21]. The methods and cuaclusions of these
studies are examined critically here because they
could be important determirants of future re-
search and public health policy.

Gupta et al. [18] studied the effect of periodic
deworming on the nutritional status of preschool
children in Uttar Pradesh, India. The children
were undernourished and we> receiving supple-
mentary food. Children in two villages were given
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tetramisole every four months for one year (total,
three doses), whereas children in two other villages
were control subjects given a placebo. The weight
and infection status of each child was determined
at each four-month interval. The authors claimed
that the prevalence of ascariasis and the severity of
protein energy malnutrition were the same for the
two groups at the onsct of the study, and that
nutritional status remained unaltered in the con-
trols but had improved strikingly in the treated
children eight and 12 months after the start of the
study.

A number of deficiencies in the design of this
study and in the presentation of the results cast
doubt on these conclusions (table 1). The control
subjects were not randomly selected, and they
were a separale and distinct group. The authors’
claim that the study and control groups were com-
parable socioeconomically and environmentally
may or may not have been true. During the 12
months of the study, one or more external factors
could have affected one village more than an-
other. For example, unobserved differences in the
distribution of supplemental food or in intercur-
rent infeciions could have inflnenced the final re-
sults. The identities of the experimental and con-
trol subjects were known to the investigators; that
is, the study was not conducted in the traditional
double-blind manner to ensure against observer
bias. The principal investigator, not a disinter-
ested observer, supervised the measurements. A
small percentage difference in the reference weight

Table 1. A comparisen of the designs of three studies of the relationship between ascariasis and protein energy

malnutrition,
Reference
Factor [18]) {19) [20]
Location of study India Tanzania Kenya
Number of subjects Infected: 58 Infected: 78 Infected: 61
Total: 154 Total: 273 Total: (86

Intensity of infection Unknown Unknown Light (average, 7 worms)
Random selection of subjects and controls No Yes No
Double-blind observation No Yes Yes
Control of major variables

Intercurrent disease observation No No Yes

Equal distribution of supplemental food No Not applicable  Not applicable

Drug administration No No Yes
Length of obscrvation period 12 months 12 months 14 wecks
Statistical methods Change in reference weight-  Rate of Pcrcentage of expected weight

for-age (1% considered

significant)

gain and changc in skinfold
thickness

weight gain
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for age separated the categories designated im-

proved and dcteriorated. An accurate judgment of

the significance of the nutritional changes would
utilize the reference measurements of weight-for-
height and would consider the effect of a greater
percentage difference between the categories of
improved and deteriorated. Most important, the
conclusion that a significant change occurred in
the nutritional status of infected children given
tetramisole is based on an exceedingly small num-
ber of subjects. A change in the status of three
children would have led to the opposite conclu-
sion: that no statistically significant relationship
appcared between ascariasis and nutritional status.

Willett et al. [19] studied 341 Tanzanian pre-
school children. The subjects were randomly as-
signed to treatment with levamisole or a placebo
given at three-month intervals. Weights and
heights were measured at cach three-month visit
for a period of one year. The authors found that
the rate of weight gain was 8% greater for those
receiving levamisole than for the placebo-treated
controls; hoswever, this differcnce is not statistical-
ly significant (P = 0.06). Among 78 children
“nown to be infected with A, fumbricoides at the
begining of the study, the rate of weight gain was
21% greater for those treated with levamisole than
fer those reeiving the placebo. This difference
was statisti- »Hy significant (P = 0.03). The rate of
increase i height did not differ for the two
groups.

This study by Willett et al. [19] avoided several
of the pitfalls of the previous work by Gupta et al.
[18]. The subjects were randomly assigned to
treatment and control groups, and the study was
conducted in a double-blind manner. It should be
pointed out that the authors found no statistically
significant difference in weight gain between all
the children who received levamisole and all the
children who received a placebo. The only signifi-
cant difference involved the children who were in-
fected with A. lumbricoides at the beginning of
the study. Those who received levamisole gained
21% more weight than those who received a place-
bo. Several observations can be made about these
results. The P value of this part of the study was
marginally significant (P = 0.03). Since the sam-
ple size was small (n = 78), a change in the status
of only a few children could change the conclu-
sion. Moreover, there is no assurance that the in-
fected children in this group who received levami-
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sole or the placebo were comparable in certain
important respects. They were comparable for
age, he.ght, and initial weight, but they might not
have been comparable in intensity of infection or
incidence of intercurrent disease during the one-
year study period. Because the sample size was
small, a few fast or slow growers could have sig-
nificantly altered the results. The variability of
results in a small study group is illustrated by the
observation that among children who were free of
infection at the beginning of this study (n = 68),
those who reccived levamisole gained 13% more
weight than those who received a placebo! One
would expect the weight gain to be the same for
these two groups.

Stephenson et al. [20, 21] performed a longitu-
dinal study of growth in both infected and unin-
fected children in Kenya. Antkropometric, clini-
cal, and stool examinations were performed three
times at 14-week intervals. All children received
levamisole at the second examination. Infected
children did not differ from uninfected children in
percentage of expected weight gain during the first
l4-week observation period. In the 14 weeks after
deworming, previously infected children showed a
higher percentage of expected weight gain than
uninfected children. Aitle; deworming, triceps
skinfold thickness increascd significantly in pre-
viously infected children vs. uninfected children.
Multiple regression analysis showed that, of the
variables studied, infection with A. lumbricoides
was the most important for explanation of the
changes in skinfold thickness.

The studies of Stephenson et al. differ in several
respects fromn other longitudinal studies of ascari-
asis and the nutritional status of children in com-
munities where the parasite is endemic. Clinical
examinations were done throughout the study; an
additional measure of nutritional status, skinfold
thickness, was included; and the sta‘istical analy-
sis was done in a sophisticated manner. Neverthe-
less, there is a major fault in the study design,
Levamisole was given to all children so that any
unknown cffects of the drug would occur in both
infected and uninfected subjects. As a result,
treated, uninfected subjects, rather than untreated
or placebo-treated, infected subjects, were used as
controls. The latter would constitute a true control
group. This fault makes the results difficult to
interpret. In addition, the number of infected sub-
jects in the study was relatively small; the weight
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gain in treated children, although significantly dif-
ferent than that in untreated children, was rela-
tively small in absolute quantity; and the study
period after deworming was relatively short (14
wueks). Whether the weight gain can be sustained
during and after periodic treatment is unknown,

Substantial doubt remains about the cause-and-
effect relationship between ascariasis and protein
energy malnutrition. In none of the above-men-
tioned studies, where a positive correlation is
claimed, was a significant difference in weight
tound between infected and uninfected children
before intervention. Several recent studies [11, 22]
also showed no significant improvement in nutri-
tional status after intervention. Until the putative
association between ascariasis and protein energy
malnutrition is proved in studies that are designed
1o avoid statistical error and are reproducible under
a variety of circumstances, the advocacy or insti-
tution of mass treatinent programs to enhance the
growth and development of children in countries
where ascariasis is endemic would be premature.
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Discussion: Ascariasis, Hookworm Disease, and Malnutrition

The influence of Ascaris lumbricoides on nutri-
tional status is uncertain. While a few studies sug-
gest an association between ascariasis, protein
malnutrition, and xerophthalmia [1], it remains un-
clear whether this is a fortuitous association or a
true cause-and-effect relationship. The mere pres-
ence of worms in a child does not necessarily have
nutritional significance. Although it is obvious
that duration and load of infection, as well as the
quality of diet, are of crucial importance to the
outcome of infection, these factors have not al-
ways been evaluated.

Clinical studies of children infected with Ascaris
demonstrate malabsorption of various nutrients,
including protein, fat, carbohydrate, and vitamin
A [2]. Deworming alone improves absorptive func-
tion and results in significant increase in serum
levels of vitamin A, an observation suggesting that
round worms interfere with intestinal absorption
[3]. The weight of evidence at this time, though
not always consistent, supports the concept that
severe ascariasis can lead to malnutrition.
However, there have been no convincing epidemi-
ologic studies indicating that ascariasis is a cause
of malnutrition in poor communities containing
v altiple, potentially causative factors. Recent com-
ity studies [4-6] deserve critical evaluation
since they may be very influential in determining
public health policy.

None of the studies show a correlation between
severity of infection and malnutrition in children;
the available data demonstrate only that deworm-
ing may have a beneficial effect on growth of in-
fected children. One study often cited [4] is partic-
ularly difficult to interpret since the number of
subjects was small. There were no data on severity
of infection, and the actual magnitude of weight
change was not presented. Two additional studies
[5, 6] include a larger number of subjects and re-
port an improvement in growth rate after de-
worming of infected children; however, there are
other problems that confound interpretation. On
the basis of such limited observations, periodic de-
worming is being suggested as an important public
health measure for combatting malnutrition in
children. While heavily infected individuals may
derive some benefit, mass antihelminthic treat-
ment of all children in a community does not guar-
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antec nutritional benefits. Indeed, in areas where
infection prevalence is ~30-40%, studies of com-
munity treatment fail to demonstrate the desired
cffect on growth [7].

In similar fashion, there is insufficient evidence
to prove that hookworm causes malabsorption or
malnutrition. Some patients with hookworm in-
fection experience weight loss, edema, and other
signs of malnutrition, including depressed levels
of albumin, folic acid, and vitamin B,, in serum,
but these findings could be due to concomitant
dietary inadequacies rather than to malabsorp-
tion. In contrast, iron deficiency anemia asso-
ciated with heavy hookwormn infection is well de-
fined and is a serious public health probfem.
Whether or not a person infected with hookworm
develops anemia depends on three factors: the
number of worms present, dietary intake of iron,
and iron reserves of the individual. The amount of
blood lost is proportional to the worm load, but in
communities where diets are iron deficient, even
mild infection may cause significant anemia. In
Mauritius, for example, mild infection is associated
with severe anemia because iron intake is only
5-10 mg/day [9]. Dietary supplementation with
iron corrects the anemia without the need for de-
worming. In western Nigeria, where iron intake is
high, anemia occurs only with heavy infection
[10].

There are, then, two components of therapy:
antihelminthic drugs and iron. Individual patients
having hookworm disease should be treated with
both. However, only the most effective and eco-
nomic approach is warranted for mass treatment
of entire communities. Treatment of anemia due
to hookworm infection with antihelminthics alone
will work, but will do so slowly. A study in Puerto
Rico showed that hemoglobin levels were restored
by antiparasitic therapy only after 18-24 months
of treatment. But clinical studies [12] demonstrate
that therapeutic doses of iron produce a much
more rapid response. In community studies, small
dily supplements of iron alone maintain normal
hemoglobin levels in subjects infected with hook-
worms [13]. In Venezuela, two communities with
the same prevalence of hookworm infection were
treated with either 60 mg of iron daily for three
months or with placebo [14]. There was a signifi-
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cant increase in hemoglobin levels in the group re-
ceiving iron supplement, but there was no change
in the hemoglobin levels of the control communi-
ty. Iron supplementation can therefore be sup-
ported as the appropriate public health approach
to the control of hcokworm anemia in endemic
areas. The success of such a program would de-
pend on the method selected for supplementation.
There are practical problems in distribution of
iron tablets, and regular intake cannot be assured
unless a dietary staple can be fortified. In the ab-
sence of such a vehicle, it may be reasonable to
propose that iron therapy be provided for an ini-
tial period of time to correct anemia and replete
iron stores; this would be followed by periodic de-
worming for a sustained cffect. The feasibility, ef-
ficacy, and cost effectiveness of such methods for
the control of hookworm anemia nced to be
thoroughly evaluated in the field.

ViNODINI REDDY
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Discussion: Ascariasis, Hookworm Disease, and Malnutrition

Recent field studies, although differing in design
and quality, suggest that intestinal infections with
Ascaris lumbricoides have a small and statistically
significant effect on the nutritional status of
young children whose diet is marginally adequate.
The mechanism by which A. hanbricoides ad-
versely affects growth is uncertain. Balance stud-
ies indicate that the worms restrict the full utiliza-
tion of energy, protein, and certain micronutrients
(such as vitamin A) by the child [1, 2]. However, it
may be that ascariasis also negatively affects appe-
tite and general well-being in addition to causing
abdominal pains and that such secondary effects
contribute more to poor nutrition than do direct
metabolic effects of worms in the gut,

Most studies showing effects on growth involve
children with light worm burdens [3]; this may be
one reason why observed effects are so small. 1t
would be interesting to know what happens in in-
dividuals with heavy infections. If new studics arc
undertaken, they should be conducted where in-
fections are hcavy, and great attention must be
given to study design.

There is also a patent lack of accurate data on
the incidenc. . serious complications of ascariasis,
notably intestinal obstruction and the migration
of worms to aberrant sites such as the common
bile duct. Intestinal obstruction due to worms is
said to be the most frequent cause of abdominal
emergencies requiring surgery in young children in
some Brazilian hospitals. The ctfects of migration
of ascarids through the lung and the liver have not
been adequately studied in humans, Much more is
known about these problems in the pig where
pathologic changes in tissues due to larval migra-
tion of Ascaris suum have been well described [4,
5]. For years pig breeders have been convinced
that deworming improves the health and growth
of young pigs.

Although exceptions occur, parents in most
countries arc genuinely concerned about Ascaris in-
fections in their children; the presence of worms is
not considered either benign or desirable. Experi-
ence in both Bangladesh and Kenya suggests that
the desire of mothers to have their children de-
wormed could be used as a means of encouraging
attendance at health centers and other medical fa-
cilities providing primary health care. There, de-
worming could be combined with imimunizations,

822

treatment of other medical conditions, growth
surveillance, and health and nutrition educa-
tion [6].

The prevalence of ascariasis is not being sub-
stantially lowered by present programs of im-
proved sanitation, purified water supplies, per-
sonal hygiene, and health education. Until poverty
and the crowded, unsanitary conditions that are
collateral to it are eliminated, transmission of
Ascaris will continue at high levels [7]. At the
same time, several highly cffective drugs are now
available; these are extremely safe and relatively
incxpensive. Antihelminthics used successfully
against ascariasis include pinerazine, levamisole,
and pyrantel. However, a re. report that use of
piperazine leads to the develc, -ent of clinical ma-
laria in six to 14 days suggests to the authors that
suppression of malaria was a nutritional conse-
quence of severe ascariasis [8]. The two concur-
rent infections apparently represented a desirable
“ecologic balance” that contributed to the health
of the host. However, this report and a serics of
similar studies by the same authors are poorly de-
signed and, therefore, do not permit such conclu-
sions to be drawn, although the observations do
raisc interesting questions [9]. It is very common
for children with ascariasis to have severe attacks
of malaria, and populations with high prevalence
of both diseases are so numerous that it is dil'ficult
to understand how infection with A. tumbricoides
protects against the ravages of malaria,

The time has come to evaluate thoroughly the
effectiveness and health benefits of a large-scale
treatment program; this should be done in an area
where ascariasis is prevalent and parasite loads are
high. Acquisition of valid data will require use of
the best experimental design; this should include
proper randomization and a placebo-treated
group. Undoubtedly, reinfection would occur in
the drug-treated group, but it should be possible
to lower worm burdens and reduce prevalence suf-
ficiently to produce beneficial clinical effects if
there are any.

In contrast, the nutritional implications of
hookworm disease are better described, and esti-
mates of the relative amounts of blood lost from
the intestines duc to Necator americanus and An-
cylostoma duodenale are reasonably definitive
[10]. There is no doubt that heavy infections with
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hookworms are an important cause of anemia,
particularly in those whose iron intake, iron
status, and iron utilization are all low. It is less
clear whether hookworm disease causes intestinal
injury and malabsorption or whether such mecha-
nisms contribute to malnutrition in those with
heavy worm burdens. The report of a “natural ex-
periment” involving heavy infection in a group of
young adults is interesting; nine months after the
studv there was no villous atrophy and little hypo-
albuminemia, and intestinal function was normal
in spite of a mean weight loss of 7 kg per person
[11]. The explanation offered--that the patients
were self-starved because they feared that eating
would precipitate abdominal pain—is not well
documented. Did the hookworms initially cause
an intestinal pathology, which had disappeared by
the time the patients were studied? Could these
heavy infections have caused marked anorexia by
a physiologic rather than psychologic mechanism?
The fact that this episode led to such debilitating
disease and substantial weight loss suggests that
hookworm disease can indeed cause malnutrition
as well as anemia.

The relationship of hookworm disease to
anemia and, subsequently, to reduced productiv-
ity of workers is a subject of much interest [12,
13]. In many tropical countries, iron daficiency
anemia is very common and hookworm disease rc-
mains an extremely prevalent infection. Further-
more, iron deficiency of any etiology and its rela-
tion to infection and immune function is currently
attracting attention. There are now effective drugs
for the treatment of hookworm infection that in-
clude bephenium, pyrantel, and mebendazole. As
is the case with ascariasis, collateral efforts to im-
prove environmental hygiene, increase construc-
tion and use of latrines, and introduce other ap-
propriate public health measures (such as building
concrete floors and increasing the use of shoes)
generally do not substantially reduce the prev-
alence of this discase. As desirable as these efforts
are in controlling hookworm infection and other
discases generated by fecal contamination, they
are unlikely to have much impact if the conditions
that coexist with poverty persist and the infection
itself is not specitically treated.

At present, consideration should be given to
major deworming programs as an effective means
of decreasing worm burdens; in this way, the fre-
quency and/or magnitude of iron deficiency anemia
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would be reduced, and worker productivity and gen-
eral well-being would be improved. In some coun-
tries these actions might be combined with efforts to
fortify foods with either iron or ascorbic acid to re-
duce the prevalence of iron deficiency anemia. Well-
designed and well-conducted community-based pro-
grams for control of hookworm infection, includ-
ing periodic antihelminthic therapy with careful
prospective evaluation of effectiveness, are neces-
sary to achieve optimal results.

MicHAEL C. LATHAM
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dookworm Disease: Host-Pathogen Biology

Robert H. Gilinan

From the Division of Geographic Medicine, Johns Hopkins
University, Baltimore, Maryland

The hallmark of hookworm infection, a common helminthic discase, is iron deficiency
anemia. The development of anemia is dependent on the intensity of infection, the spe-
cics of hookworm, and the ability of the host to resist infection and 1o maintain ade-
quate stores of iron. When conditions are appropriate, the incidence of anemia caused
by hookworm is high and has a significant economic impact since it results in a redue-
tion of worker productivity. Loss of blood is caused by direct ingestion of red cells and
by tissue trauma produced by worm attachment and feeding. This focal trauma may in-
volve multiple villi and is characterized by local hemorrhage, tissue cytolysis, and neu-
trophilic response. Although focal intestinal lesions are apparent, their significance is
questionable since diffuse mucosal changes are absent in intestinal biopsies of patients
with heavy hookworm infection, Short-range control measures protecting against
hookworm infection have not succeeded. Development of a vaccine against hook-
worm infection in humans is problematic since functional protective inumunity in
humans has not yet been demonstrated and no suitable animal model of hookworm in-
fection in humans is available. At present, the mos effective method of intervention ap-
pears to be supplementation of tood staples with iron.

Hookworm infection, and its association with
ansmia, has been recognized since the middle
#5U0s. Approximately onc quarter of the world's
population is infected with this helminth. The ef-
fects of the disease arc not dramatic since mor-
tality is relatively uncommon. Anemia and the re-
sultant decrease in worker productivity arc both
common and chronic, a situation that leads to a
prolonged loss of cconomic productivity [1]. Evi-
dence of slow learning and apathy in children with
significant hookworm infections has also been
demonstrated. Because of these chronic effects,
hookworm discase may produce substantially
more damage to the health of a nation than would
a more acute disease with higher mortality rates.
Despite these facts, interest in hookworm has been
declining, as evidenced by its omission from the
World Health Organization’s list of the six major
tropical diseases of the world. Reflecting this
trend, current research into the pathophysiology
of hookworm infection in man is limited. At
present, there is no suitable animal model of
human hookworm infection that can be used to
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study the pathophysiology and immune reaction
of the host. A tentative model of human hook-
worm infection has been developed in puppies but
appears to require steroids for consistent main-
tenance of the infection {2]. The chimpanzee can
be infected, but the scarcity and cost of this re-
source precludes its use [3].

Three species of hookworm infect humans: An-
cylostome duodenale, Necator americanus, and
Ancylostoma ceylonicum. The latter species ap-
pears to be of minor importance since it is not
highly virulent, rarely constitutes more than 10%
of the total hookworm load, and is always found
in the presence of other hookworm species [4].

Hookworm infection in humans is limited geo-
graphically because the larvae require tempera-
tures >10 C and abundant moisture. N. ameri-
cuanus has a wider geographical distribution than
A. duodenale, but mixed infection is common.
There appears to be little competition between the
two worms when both are present in the same
host.

In a recent review, Hoagland and Schad [3]
compared the characteristics of N. americanus
and A. duodenale. The latter worm was the
greater opportunist since it had the capacity to in-
fect by both the percutancous and the oral route.
In contrast, N. americanus only infected percu-
taneously. The ability of 4. duwodenale to infect
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via the oral route may explain the greater prev-
alence of this worm in young children eyposed tu
both species. A comparison of the adult worms re-
veals that A. duodenale has a shorter life span, a
greater ability to arrest its development, and a
higiier production of eggs. However, N. ameri-
canus causcs five t ten times less blood loss and
therefore is better adapted to parasitize humans.
The infective larvac of N. wmericanus have a
larger, more-developec! boring spine (useful for
penetrating the skin) than do A. duodenale larvae.
“his morphologic difference may be partly re-
sponsible for the higher percentage of' N. ameri-
canus that successfully complete the migratory
cycle and become adults after infecting via the per-
cutaneous route.

Life Cycle

Major research on the developmentai cycle of the
hookworm in the envionment was done in the
1920s. The ova hatch in one or two days in acrated,
moist soil at optimal temperatures of 23 C1033 C,
The rhabditiforn larvae feed on bacteria and fecal
material.

Studies of Nippostrongylus brasiliensis, a nema-
tode parasite of the small intestine of rats, pro-
vided useful information on the ultrastructure of
this larval stage. The rhabditiform larvae are vell
suited for energy synthesis and growth. Their in-
testinal tract has an absorptive structure with a
well-developed layer of microvilli, and the intes-
tinal cells contain abundant rough endoplasmic
reticulum and ribosomes [6]. When these larvae
mouly, the old cuticle is retained as a detached
sheath over the new, third-stage cuticle. At this
time, the larvae, now filariform or L,, cease
fezding and stop growing. Their energy reserves,
which come from endogernous stores, are primari-
ly utilized for larval movement. The iniestine of
the filariform larvae then regresses. Ultrastruc-
tural examination of the intestine reveals narrow
intestinal cells thai have few microvilli and lack
synthetic structures. The lumen of the intestine is
filled with meinbranous whorls and lipid droples.
These features represent a lack of synthetic activi-
ty that is demonstrated by the failure of the
filariform larvae to incorporate significant levels
of radioautive uridine into RNA [7]. When the L,
larvae infect a suitable host, synthetic activity
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resumes and the intestinal cells contain ribosomes
and endoplasmic reticulum. Synthetic activity can
also be sti.nulated in vitro by elevating the
temperature from 25 C to 37 C in the preseuce of
as-yet-undefined nutrients [7]. Although these
studies were dorie on N. brasiliens's, it is probable
that studies on hookworm larvae would reveal
similar findings.

Hocxwerm  filariform larvae have severe
restrictions in their lateral movement and usually
remain close to the area where the stool is deposited
i8]. They are attracted by contact (thigmotropism),
temperature, oxygen, and CO, and move vertical-
ly up through the soil to the surface. Under opti-
mal conditions, the larvae may remain infective
for several months; however, the aeath 1ate js
highest in the first 10 days, and, under tropical
conditions, 90% of the tarvaz die in the first three
weeks.

Ancylostronia duodenale worms, faced with
inclement seasonal conditions, have evolved a pro-
tective mechanism whereby the hc.okworm larvae
may remain dormant, a pnasc indicated by a sub-
sequent decrease in total output of eggs. In Ben-
gal, larvae acquired Jduring the rainy season of orne
year appear to remain dormant until just before
the monsoon of the following year when they re-
sume development and mature [9]. This phenom-
enon was further corroborated by the unusually
prolongec prepatent periods (period from initial
infection until commencement of ova production)
in volunteers given A. duodenale infection [10].
Why N. americanus cannot espond to seasonal
adversity by arrested development is not known.

Walking with bare feet on ground infected with
larvae is the usual method of transmission. The
oral route may also produce hookworm infection
when A. duodeadle larvae present on vegetables
grown in fecally contaminated areas are ingested,
Transmaminary infection of hookworm, although
well decumented in seals and dogs, has not been
proved sigrificant in the transmission of hook-
worm disease in humans [3].

In general, larvac rapidly penetrate the skin,
proceed to the lungs where they break through the
alveoli, crawl up the trachea, and return to the up-
per small intestine where they moult and develop
into mature worms. In the case of A4, duodenale,
infectio 1 not only occurs percutaneously but also
vy direct oral infection. Orally ingested A. duo-



denule worms may develop to maturity in the in-
testine and do not require migration through the
usual pulmonary cycle. The morphology of the
adult worms has becn well described. Differentia-
tion of the two species by the comparison of the
mouth structures (teeth in A, dwodenale and buc-
cal plates in N. americanus) is relatively cavy.

The mature worm usually inhabits the upper
small intestine. With severe infections, crowding
may result, and the worms may be found as low as
the ileum. The attachment site of the worm is not
fixed and changes every 4-6 hr so that the worm
can feed and mate [11]. In the rat, N. brasiliensis
worms travel up the intestine in respunse to i
bolus of food [12]. The worins are often found in
aggregates in the normal rat. but this activity is in-
hibited in the immune rat [13].

Individual worms may live five or more years,
but the majority of the population dies after one
or two vears. Thus, chronic infection is usually ac-
companied by frequent episodes of reinfection.

The adult worms secrete an anticocgulant and
an acetylcholinesterase [14]; the latter secretion
may be useful for attachment of the hookworm to
the intestine, It is not clear whether or not cyto-
lytic enzymes are secreted into the tissue.

Studies of the dog hookworm Ancylostomu ca-
ninum revealed that the worms were able to at-
tach, ingest, and digest a bolus of tissue within 10
min. The worms burrow through the lainina pro-
pria of the mucosa and may proceed to the mus-
cularis mucosa over a period of 4-5 hr [11]. The
muscularis mucosa provides an effective barrier to
further penetration. The worims have a strong
sucking action and will ingest a variety of sub-
stances including blood, plasma, saline, and even
formalin [15]. They appear to ingest a plug of
tissue, which then undeirgoes cytolysis in their in-
testine. The effect on the mucosa entends well be-
yond the tissue in apposition to the worm's buccal
cavity, In addition, cytolysis is present in the tissue
around thie buccal cavity. In fact, a lesioa that car
involve multiple villi may develop. This lesion is
characterized by tocal hemorrhage, tissue cytol-
ysis, and vigorous neutrophilic response. In
chronically infected dogs, eosinophils are also
found in the inflammatory exudate that collects
around the worm. The above pathological find-
ings are focal in nature; repair of these intestinal
lesions proceeds rapidly and without sequelae.
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The worm appears to cause loss of blood by two
mechanisms: direct ingestion of red cells [15] and
tissue trauma that results when the worm attaches
and feeds [11]. However, the pathology of hook-
worm infection in humans is less clear because of
the inclusion of cases from areas where tropical
cnteropathy is endemic. {n areas where tropical
enteropathy is uncomimon, intestinal biopsies of
individuals with heavy hookworm infection do not
reveal significant difiuse mucosal changes [16].

Although hookworm infection commonly oc-
curs in humans, the significance of the disease is
dependent on the intensity of the infection, the
species of hookworm, and the host’s resistance to
infection and ability to maintain adequate stores
of iron.

Clinical Aspects

In an appropriate host, larvae rapidly penetrate
the skin and generally produce mild clinical mani-
festations (ground itch). The cutaneous reaction
of the host has not becen well defined imimunolog-
ically. The bacteria carried by the larvac may be
responsible for much of the cutancous reaction
since axenic larvae N. americanus produce little
1:action when they penetrate the skin [3].

The clinical reaction of the host to migration of
the worm through the tissues of the lung appears
to be relatively mild. The pathology of these
changes has been examined by use of the experi-
mental model of N. brasiliensis. In these studies,
the injection of living larvac into nonimmune rats
incited alveolar hemorrhage and edema. Dead iar-
vae do not produce the same changes. Most likely,
these changes are due to the active movement of
the larvae through the arterioles of the lung. How-
ever, the possibility that these chianges are due to
secreted toxins cannot be climinated {17].

Intestinal disease during the early stages of in-
fection may be marked by abdominal pain, intense
nausea, weight loss, and moderately severe diar-
rhea. Initially, volunteers infected multipie times
had prominent intestinal symptoms. These symp-
toms disappeared after the third and tourth epi-
sodes of reinfection. It was suggested that the dis-
appearance of symptoms was associated with the
concurrent rise in systemic antibody that occurred
in these volunteers [14]. Local immunity could
possibly limit the intestinal damage produced by
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the worms, but no studies that examine this factor
have been reported.

The acute changes described above are associ-
ated with the direct damage to the host produced
by the migration and invasive activity of the
worm, In general, however, it is rare that the host
suffeis any major inconvenience te~ause of these
activities.

Far more ominous are the silent bloodletting ac-
tivities of the hookworm that may eventually pro-
duce iron deficiency anemia, the hallmark of this
infection. The occurrence and extent of the
anemia depend on a complex interplay of host and
parasite, and ancmia wiil not develop if stores of
iron can be maintained. Depletion of iron stores
by hookworni infection will occur faster and at
lower worm burdens in growing children who have
increased iron requirements and in menstruating
women who have increased loss of biood than in
adult males [15]. Further exploration of the rela-
tionship of folate deficiency, increased demand
for iren, and immuunosuppression is warranted in
pregnant women infecied with hookworm. Other
contributory ftactors also influence the level of
stored iron. In developing countries, most dietary
iron is ingested from vegetables and cereals. Iron
taken in this form is not as well absorbed as is iron
obtained from animal protcin. The availability of
the iron for absorption is also affected by hypo-
chlorhydria, chelation of dietary iron by food-
stuffs, and the intake of vitamin C [18]. The im-
munity of the host may also affect the threshold
at which a given hookworm infection will cause
anemia [3].

It is not known wlicther or not humans can de-
velop a functional protective immunity to hook-
worm. Such protection may affect the degree to
which a given hookworm infection will cause loss
of blood. Immune dogs, for example, can limit the
number of hookworms that inhabit the intestine
and have less blood loss per individual worm than
nonimmune controls [3].

Another mechanism that may contribute to
anemia secondary to hookworm infection is the
shortened life of the red cell in infected patients.
This decreased half-life persists after vermifuge;
thercfore, it is probably secondary to the anemia
or associated with malnutrition [15].

The mechanisms responsible for loss of protein
into the lumen of the intestine are similar to those
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responsible for loss of iron. Plasma directly in-
gested by the worm and, more important, the
breach in epithelial continuity with the resultant
leak of plasma from the traumatized tissue result
in loss of both protein and iron. Blackman et al,,
using '"'I-labeled albumin, have demonstrated
that fecal protein loss correlates with hookworm
load. They concluded that there is a daily loss of
0.1 g of albumin per 100 N. americanus hook-
worms [19].

How much of the labeled protein is hydrolyzed,
recabsorbed, and again available for further syn-
thesis of albumin is not nown. Furthermore, al-
though iron deficiency anemia is a well recognized
associate of heavy hookworm infection, malnutri-
tion is not [15]. For cxample, in the series of pa-
tients studied by Blackman et al., there was no
correlation between the concentration of serum al-
bumin and the number of worms harbored by the
patient. Similarly, ficld studies in Scuth America
[20] did not show any association between hook-
worm cgg counts and levels of serum albumin,
The finding is not surprising considering the mul-
tiplicity of variables that can affect this parameter.
In a study of malnourished children in Bangla-
desh, hookworm infection was associated with a
significant reduction in hematocrit but not in level
of protein [21].

When poorly nourished individuals heavily in-
fected with hookworm are nutritionally repleted,
neither theirr worm burden nor their daily loss of
blood decreases in quantity [22]. However, good
nutrition may protect the individual by limiting
the number of worms that complete development.
In the dog model for hookworm infection, mal-
nourished animals develop heavier hookworm in-
fections than do normal controls given the same
initial infective dose [3].

Hookworm control can be achieved by restruc-
turing the socioecconomic and sanitational milicu
of countries where the disease is prevalent, Desir-
able though this goal may be, its attainment is im-
probable. Massive programs are costly and im-
practical. The development of a hookworm larvac
vaccine for humans might be possible. Such a vac-
cine has proven useful in controlling hookworm
infection in puppies [3]. In older dogs presumably
sensitized previously, vaccination with irradiated
larvac was occasionally associated with allergic
bronchospasm. At present, limited knowledge of
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human immunity to hookworm infection pre-
cludes development of such a vaccine.

Immunology

It is not known whether repeated multiple expo-
sures under natural conditions confer protective
immunity in humans. However, under experimen-
tal conditions, repeated infection (four times) with
small inocula of N. americanus produced repeated
infection with no demonstrated decrease in worm
load [14]. Yet, there is a rise in specific IgE anti-
body and IgG antibody to the secretory products
of the worms. Antibody against the hookworm
acetylcholinesterase is also fcund. These anti-
bodies appear to play no protective role because
the infection with N. americanus could be initiated
and the cycle completed in their presence [14].
Since the intestinal secretions were not examined,
the presence of local specific IgA antibody is not
known. The epidemiologic curve of hookworm in-
fection suggests that some degree of immunity
although of short duration, may occur. Worm
burdens are higher in children and in the elderly
and are generzally reduced in young and middle-
aged adults [3]. Therefore, both multiple and
chronic hookworm infections (as occur in nature)
may be necessary for protective immunity in im-
munocompetent hosts. Functional protective
immunity has not been demonstrated in humans
under experimental conditions [8], and its role in
regulation of hookworm infection in humaas is
still conjectural.

However, the classic animal model of immunity
to nematodes demonstrates that rats infected with
N. brasiliensis expel the mature worm two to three
weeks after infection [23], although rats with iron
and protein deficiencies do not efficiently expel
the adult worms [24]. Expulsion appears to be a
combined effort of antibodies, T-lymphocytes,
and an as-yet-undetermined type of B-cell. Expul-
sion may be avoided or delayed by giving multiple
small infections or by infecting young rats [25].
Adult worms that develop in an immune host ap-
pear to be “adapted,” suggesting the possible oc-
currence of immune evasion. Compared with
normal adult worms, adapted worms are less anti-
genic, less quickly expelled, stunted, and have a
characteristic acetylcholinesterase isoenzyme pat-
tern [23]. Expulsion of worms is accompanied by
an increase in numbers of goblet cells, eosinophils,
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and plasma cells in the lamina propria [26]. Local
anaphylaxis is also postulated as one of the con-
tributory mechanisms in expulsion of N. brasili-
ensis [23]. The rodent-nematode model does not
closely mirror the human reaction to hookworm.
Thus, development of an aniraal model that close-
ly approximates hookworm disease in humans and
allows for studies of immunologic transfer is
required.

Treatment

Therapy for hookworm infestation is presently
more efficacious and less toxic than treatment in
the past. Older, more toxic drugs such as bephenium
and tetrachlorethylene are being replaced by broad-
spectrum, low-toxicity antihelminthic agents like
mebendazole, pyrantel, and levamisole.

Hookworm therapy is efficacious for the indi-
vidual patient. However, large-scale, periodic pro-
grams of hookworm treatment undertaken with-
out accompanying major changes in sanitation are
not recommended. Rased on experience with other
intestinal parasites, it is likely that the treated
population will be rapidly reinfected from the con-
taminated environment. Traditional, short-range
measures used to control hookworm infection in-
clude education, the use of footwear, and the use
of latrines. This approacl to hookworm control
has not been particularly successful in most rural
areas. In India and Bangladesh, the villager will
frequently walk barefoot during daily activities in
his village in order to protect his shoes (a costly
commodity). Cn reaching an embankment road or
the paved roads of the city, he will again put on his
shoes. Therefore, although shoes are worn, local
habits may still allow for hookworm transmission.
Latrines, even when present, often are poorly de-
signed and frequently are not used.

Supplements of iron for infected individuals in
endemic hookworm areas have been effective in
controlling anemia [1]. Supplementation is cur-
rently the most rational and achievable interven-
tion available for counteracting the effects of dis-
ease caused by hookworm. It has the advantage of
being a cheap and effective method of treating
iron deficiency anemia irrespective of its etiology.
Supplementation may be provided in available
food staples such as sugar or flour, depending on
local preferences. A note of caution is, however,
appropriate. Oral supplementation of iron in
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poorly nourished Somali nomads (members of a
milk-dependent culture) was associated with an in-
creased risk of bacterial and protozoal infection
[27]. These results are puzzling, since, in the iron-
deficient host who is receiving oral supplements,
the ingested iron would be avidly bound to trans-
ferrin and little free serum iron would then be
available ror use by bacteria or protozoa. Since it
is not yet known whether such supplementation is
associated with increased rates of infection in
other populations, controlled studies that address
this question are appropriate.

Although the above solutions may be effective
for a short period of time, they will not effectively
reduce the reservoir of hookworm. Successful
long-term control demands the developmcnt of a
satisfactory method of feces disposal that is well
adapted to a particular culture and is locally
acceptable.
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Hookworm Disease: Nutritional Implications
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Iron-deficiency anemia resulting from intestinal blood loss is the major consequence of
hookworm infection. Development of the anemia can be prevented, and it can be
treated by administration of iron. Hypoproteinemia, often associated with hookworm
infectior, may be the result of cither protein malnutrition or increased intestinal loss of
protein. It is unlikely that the worms cause diffuse morphologic or functional altera-
tions of the intestine. Fortification cr supplementation with iron is a practical method
to control hookworm disease in endemic areas.

Hookworm infection is wiaely prevalent, affecting
almost a quarter of the world’s population (1, 2].
This disease is a frequent cause of iron-deficiency
ancmia [3] and related poor physical performance
[4]. Various nutritional deficiencies coexist in
many individuals with hookworm infeciion, and
the relative importance of this infection to nutri-
tional changes associated with it remains i'l-
defined 5, 6).

The major nutritional consequences of a para-
sitic infection on the host are the effects on the in-
take and digestion of food, on absorption of or
competition with the host for the nutrients, and on
nutrient losses from the gastrointestinal  and
urinary tracts and the skin, or through increased
catabolism [7]). In the case of hookworm infection
in humans, many of these parameters have been
inadequately studied. It is generally accepted that
iron-deficiency anemia resulting from intestinal
blood loss is ihe most important outcome of hook-
worm infection [3, 6, 8]. To a lesser extent, loss of
protein from the gastrointestinal tract may ensuc.
Although several studies showed the coexistence
of morphologic and functional changes in the in-
testine with hookworm infection, the role of the
worms in the causation of these abnormalities is
disputed [9]. Little is known about the effect of
the host’s nutritional status on the outcome of
hookworm discase. For this review we have con-
centrated on the nutritional aspects of infection of
humans with Ancviostoma duodenale or Necator
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americanus, and, wherever there is paucity of data
on human infeciion, we have referred to work on
Ancvilostoma caninum, Ancvlostoma braziliense,
and Ancylosioma ceylanicum infections in dogs
and  Nippostrongvius  braziliensis infection in
rodents.

Iron-Deficiency Anemia

The role of hookworms in causing iron-deficiency
anemia has been studied extensively by Roche and
Layrisse [3] and has been summarized in subse-
quent reviews [6, 8]. Adnlt hookworms live in the
upper small intestine, usually in the jejunum,
where they attach to the epithelium [10]. A por-
tion of the intestinal mucosa of the host is actually
sucked into the worm's buccal cavity, thus al-
lowing the worm to ingest tissue fluid and blood
[11, 12]. The hookworms frequently move around
and reattach themselves to other arecas of the intes-
tine, but the initial leakage of blood and tissue
fluid may continue [11, 12]. Most of the blood
ingested by the worms is later expelled [13],
thus becoming available for reabsorption by the
host. It is estimated that each A. duodenate worm
causes the daily loss of ~0.15 ml of blood (range,
0.05-0.30 ml) [6, 14] and cach N. wmnericanus
worm ~G.03 ml of blood (range 0.01-0.04 ml) [3,
6, 15]. Expressed as a function of egg output in
feces, the estimated daily blood loss is 4.47 + 1.16
ml/1,000 eggs per g of feces in the case of A. du-
odenate [14] and 2.14 + 1.01 ml/1,000 eggs per g
of feces in the case of N. americuniis [15]. The
average daily blood loss may thus range from 0.03
to 8.0 ml in a patient with a light infection (i.c.,
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<2,000 eggs per g of feces) with N. americanus to
well above 60-100 ml in a patient with a heavy in-
fection (i.e., >13,000 cggs per gram of feces) with
A. duodenale. Since the bleeding generally occurs
in the upper small intestine, the hemoglobin iron is
available for reabsorption: 20%-80% (mean,
36%-40%) of the iron may be reabsorbed and
reutilized [3, 16-18]. Thus, in the case of
A. duodenale, a fecal loss of 0.023 mg of iron per
worm or 0.7 mg of iron/1,000 eggs per g of feces
occurs in a person with normal hemoglobin values
(15 g/dl). However, the iron loss would diminish
as the person becomes more anemic [3].

Ecologic factors that control intestinal blood
loss have not been well studied in humans. In dogs
younger A. braziliense worms cause greater loss of
blood than do older worms [19]. It is not clear
whether the similarity of the results for blood loss
in the various studies of humans reflects a “steady
state” of worm loss and reinfection. Crowding of
worms is found to reduce blood loss per worm; in
dogs the blood loss per worm is greater in mild in-
fections with A. canimun and A. braziliense than
in severe infections [20, 21]. This pattern noted in
some studies of humans as well [22, 23]. Since
crowding also results in reduced egg output per
worin [24], it is likely that the blood loss expressed
on the basis of cgg output per g of feces would re-
main steady.

Although blood loss in hookworm infection is
predictable, the development of anemia is in-
fluenced by the status of the host in regard to iron.
Thus, in persons with adequate iron stores,
ancmia may never develop [3]. Roche and Layrisse
calculated that it would take an adult Venezuelan
farmer who weighed 60 kg, had normal blood
hemoglobin (15 g/dl) and iron reserves (900 mg),
and was infected with 700 N. americanus for 220
days to show a decrease in concentration of blood

hemoglobin. Following the slow development of

ancmia, a new steady state would be reached in an
additional 800 days, when iron utilization would
again match iron losses [3]. In most areas of the
world where anemia due to hookworm infection is
prevalent, the dietary iron intake is seldom low
[25]; however, the iron is not readily available for
absorption [25-27], and intestinal abnormalities
that reduce absorption of dietary iron often exist
[28]. The anemia can casily be corrected by iron re-
placement without the removal of the worms (29,
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30). Alternatively, removal of the worms would lead
1o gradual restoration to normal of the hemoglobin
valucs by absorption of available dictary iron [3].

Intestinal Protein Loss

Hypoproteinemia with hypoalbuminemia often
accompanics anemia in patients with hookworm
infection [9, 30]. The degree of hypoproteinemia
correlates with the degree of anemia [9]. The
relative contributions of worm-induced intestinal
protein loss and diminished dietary protein intake
in causing the hypoproteinemia have not been
carefully studied. While the worms feed in the in-
testine, variable amounts of plasma and extracel-
lular fluid along with erythrocytes may be lost into
the intestinal lumen (11, 12]. Loss of protein into
the intestine has been studied by the measurement
of fecal nitrogen excretion [31, 32) and by the use
of proteins labelled with **'I [30, 33] and *'Cr [23,
34, 35]. While the fecal nitrogen excretion was not
markedly different between patients with mild in-
fection (<200 worms) and those with no infection
[31], fecal nitrogen excretion was increased in pa-
tients with heavy infection [32]. Studies by Gilles
et al. [30} and Blackman et al. [33] with "*'I-
labeled albumin revealed that the intestinal pro-
tein loss was increased with heavy hookwcrm
infection. However, there are methodologic
problems in studies with radioiodinated proteins
[36]. Using *'Cr-labeled albumin, Gupta et al. [34]
found that protein loss in patients with mild infec-
tion (<1,340 eggs per g of feces) was not greater
than that in controls [34], wherecas Areckul et al.
[23, 35] showed that there was increased intestinal
protein loss that correlated with the worm load.
Gilles et al. [30] and Arecku! et al. [35] showed
that the protein loss exceeded that from blood loss
alone, but the truth of this observation has not
been adequately determined with the use of multi-
ple, simultancously labeled plasma proteins.
Although there is increased plasma leakage into
the intestinal lumen, it is most probable that pro-
teins can be digested and reabsorbed [5]; in most
instances it is unlikely that the protein loss would
exceed the capacity of the remaining intestine to
digest and reabsorb the protein. It has been sug-
gested than an inadequate protein intake is often
responsible for the hypoproteinemia [37], and this
view is supported by the increase in serum albumin



that results from institution of an adequate diet,
despite continuing worm infection [37, 38].

Intestinal Structure and Function

Scveral investigators have studied the morphclogy
and absorptive function of the small intestine of
patients with hookworm infection [9, 30, 37,
39-45]. Absorption of p-xylosc, fai, vitamins A
and B,,, and folic acid have been determined. In a
study of 14 hookworm-infected Puerto Rican pa-
tients, Shechy et al. [39] obscrved abnormal in-
testinal histology and impaired absorption of
p-xylose and fat; many of these parameters im-
proved following deworming. Tandon et al. [40, 41]
and Chuttani et al. [42] have alsu demonstrated simi-
lar intestinal morphologic abnormalities and func-
tional defects in patients in India, but they were
unable to correlate these changes with the worm
burden or to demonstrate consistent improvement
after deworming. Furthermore, these sume abnor-
malities were observed in the control population
[41]. It may be noted that in both Puerto Rico and
India tropical enteropathy is highly prevalent and
is the most likely cause of the intestinal abnormal-
ities observed [28]. This view is supported by
workers in other arcas of the world where these in-
testinal abnormalities have not been found in pa-
tients infected with hookworm [43-45].

Vitamin B,, levels in serum are usually normal
in subjects with hockworm infection [36, 39, 43],
but Saraya and Tandon [41] found low levels in
43% of their patients as compared with 27% of a
control population. Absorption of vitamin B,, is
also normal in patients infected with hookworm
[39, 43, 45]; however, they often have a low level
of folate in serum (36, 41, 43, 46, 47], but it is not
clear whether this finding is related to the worm,
to low dictary intake of folate, to impaired ab-
sorption of dictary folate [36, 43), to protein defi-
ciency, [36], or to iron deficiency [46, 47).

Mayoral et al. [37] have suggested that the intes-
tinal abnormalities resuit from protein malnu-
trition. In a careful study of a small number of
patients, they noted regression of intestinal abnor-
malities after protein repletion without worm re-
moval. Severe iron deficiency has also been impli-
cated as a cause of intestinal abnormalities in chil-
dren [48] but not in adults [49].

These studies indicate that, although focal
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damage of the intestinal mucosa due to feeding ac-
tivities of the worms is common in patients in-
fected with hookworm [11, 12], it is very unlikely
that the hookworms directly cause any diffuse in-
testinal morphologic or functional abnormalities.

Other Nutritional Consequences for the Host

Both decreased appetite and increased food intake
have been described as consequences of a hook-
worm infection [50], but there have been few sys-
tematic reviews of the dictary intake of people
with this discase [3]. Studies with rats have shown
that infection with N. braziliensis leads 1o dimin-
ished intake of food [51].

Little is known about the effect of hookworms
on the digestive function of the host. One report
claims that tryptic activity is reduced in the duo-
denum in humans with hookwormn disease [52].
Even though there is no study of the quantitative
nutritional requiremeits of the adult hookworm
[53], it is generally believed that the worms are
unlikely to reduce the host’s nutrient supplies sig-
nificantly. There is little information on the degree
to which hookworm disease affects supplies of the
micronutrients zinc, copper, and cobalt, although
it has been suggested that zinc losses would be
considerable [5]. Few studies have been done on
the metabolic consequences of hookworm infec-
tion in humans [54].

Impact of the Host’s Nutritional Status on
Worm Infection

There have been few careful studies to determine
how the nutrition of a human host affects hook-
worm infection. A study in Guam indicated that
malnourished children developed more serious
consequences from acute anemia caused by hook-
worms [55]. Lunn [56] found that hookworm in-
fection was more often associated with kwashior-
kor than with marasmus. The importance of the
iron status of the host on the development of
hookworm anemia has already been discussed.
Nutritional deficiency has been found to lead to
a heavier worm burden in dogs infected with
A. caninum larvae [57]. Immune-mediated spon-
taneous expulsion of worms in the course of N. bra-
ziliensis infection in rats was reduced by the host’s
diminished intake of dietary protein [58]. This
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change is believed to be due to the decreased im-
mune function resulting from protein malnutri-
tion [59]. Because there is no clear evidence of im-
mune-mediated worm expulsion in hookworm in-
fection in humans [6], the relevance of these
studies to the clinical situation remains question-
able. The repletion of protein or iron in humans
infected with hookworm did not lead to spon-
taneous worm expulsion or teduction in egg out-
put in the stool [37].

Consumption of a chemically defined diet led 10
an increase in intestinal abnormalities in mice in-
fected with N. braziliensis [60]. Inadequate intake
of protein and iron has been found to reduce the
antihelminthic effect of benzimidazoles in rats in-
fected with N. braziliensis [61].

Public Health Measures: Nutrition Programs

Prevention of hookworm infection can be achieved
by improvement in sanitation and proper disposal
of human excreta [50, 62]. Promotion of the use
of footwear and education of the populace have
also been recommended as control measures |8,
50]. However, in most communities where
hookworm disease is prevalent, these measures
may not be economically feasible. Since the major
consequence of hookworm infection in humans is
iron-deficiency anemia and since its development
can be prevented and treated with adequate oral
intake of iron, fortification of food with iron is a
practical approach in the control of anemia due to
hookworm [26]. The particular food to be for-
tified may have to be determined for each com-
munity [26, 63]. [ron supplementation may also be
a practical approach [26], as in the case of school-
children and factory workers. Iron supplementa-
tion for workers on Indonesian rubber plantations
led to a decrease in anemia and an improved
physical performance [64]. Such programs, of
course, cannot control other adverse effects of
hookworm disease, such as a reduction in total
dietary intake of nutrients.
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Amebiasis: Host-Pathogen Biology
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Mexico, Mexico City, Mexico

Invasive amebiasis caused by Entamoeba histolytica, and particularly amebic liver ab-
scess, is a major public health problem in Mexico and some other countries because of
the high incidence and mortality of this disease. This paper first discusses the patho-
genic effect of E. histolytica and the defensive response of the host and then reports
studies concerning the experimental induction of proteciive immunity to amebic infec-
tion. The pathogenic effect of £, fistolytica is probably initiated by a lectin-mediated
adhesion of trophozoites to target cells; the adhesion is followed by cytopathic activity
and phagocytosis by the ameba. The defensive response is characterized by humoral and
cellular immune reactions. Humoral immunity manifests itself by specific circulating
antibodies useful in the diagnosis and seroepidemiology of amebiasis. Cellular immuni-
ty is shown by several characteristic reactions. Experimental induction of im-
munoprophylaxis with E. histolvtica antigens represents the first stage in the develop-

ment of a vaccine against £, histolvtica for use in humans.

Infection caused by Entamoeba histolytica occurs
threughout the world. It is not an exclusively
tropical parasitosis, for it has been found in all
climates, including subpolar regions [1]. 1t is,
rather, an infection that primarily aff~cts under-
nourished populaiions that live in poor sanitary
conditions and lack adequate education in hy-
giene; it is, therefore, one of a number of discases
related to poverty and ignorance. Most ¢! whe in-
dividuals infected with £. histolytica are healthy
carriers of this protozoan. The ratio of carriers (o
patients with clinical evidence of invasive amebia-
sis is difficult to estimate and varies in different
populations. We estimate that in Mexico this ratio
is one patient with invasive amebiasis for every
four or five asymptomatic carriers.

One of the investigations undertaken by our
group was that of distinguishing between avirulent
and virulent strains of trophozoites isolated from
asymptomatic carriers and from patients with ac-
tive amebiasis, respectively. Light and electron
microscopy showed no morphologic differences
between strains [2, 3]. However, several biological
differences were found. (/) Concanavalin A agglu-
tinates trophozoites of pathogenic strains and
does not agglutinate carrier strains [4]. (2) Tro-
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phozoites of pathogenic strains can ingest human
red blood cells in greater quantity and more rapid-
ly than those of carrier strains [5]. (3) Intrahepatic
inoculation of hamsters with trophozoites from
carriers does not produce lesions [6], but inocula-
tion with pathiogenic strains produces amebic ab-
scesses [7].

Morcover it has been recently found that patho-
genic strains of E. histolytica have an isoenzyme
clectrophoretic pattern different from that of non-
pathogenic strains [8]. This finding may provide
another useful procedure for differentiating be-
tween virulent and avirulent strains. Although it is
well known that some strains of E. histolytica are
avirulent and that others have different degrees of
virulence, it is also true that the degree or viru-
lence of one cultured strain may vary spontane-
ously and can be artificially exacerbated. However,
we do not know the intrinsic factors that deter-
mine the pathogenic activity of the ameba, nor do
we know whether a carrier strain can become
pathogenic.

Several criteria have been used for assessing the
incidence of invasive amebiasis in a given geo-
graphic area. One uscful index for this purpose is
the number of liver abscesses recorded in the area.
This index is useful because liver abscesses are
identified with relative ease by either clinical data
or postmortem studies [9]. Intestinal amebiasis,
on the other hand, is not as useful for determining
the incidence of invasive amebiasis because of the
difficulties involved in diagnosing this infection.
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Another index for evaluating the incidence of
amebiasis is seroepicdemiologic data, the value of
which has been recently demonstrated and will be
discussed in this paper.

In Mexico the incidence of amebic liver abscess
is very high, and the discase has a poor prognosis
[9, 10]. We still have no adequate explanation for
these facts. Amebic liver abscess is found in ~ 2%
of all adult patients and in 3%-4% of autopsies
performed in general hospitals; liver abscesses are
more frequent in men than in women by a ratio of
3:1 [11]. During the last century when chemo-
therapy was not yet available, mortality {rom
amebic liver abscess was 80% [12]. Although this
rate has declined considerably becausc of im-
proved diagnosis and treatment, amecbic liver
abscess is still a significant public health problem
in the developing nations of the world. Malnutri-
tion, particularly in children, is one factor that
contributes to increased mortality [13].

Intestinal amebiasis can be either benign or
severe. The benign forms occur as acute diarrhea
and dysentery and are more {requent in children,
in whom E. histolytica is the ctiologic agent for
these acute episodes in 2%-14% of cases [14]. The
severe forms are fulminating amebic colitis, colon
ameboma, and amebic appendicitis; these have a
mortality rate that varies from 20% to 54%. These
severe forms of colonic amebiasis are seen 10
times less frequently than amebic liver abscesses in
Mexico [15].

Pathogenic Activity of E. histolytica

The virulence of E. histolytica has been studied in
vivo and in vitro by several investigators. The cy-
topathogenic effects of live trophozoites in vitro
have been described for chick embryos [16}, leu-
kocytes [17], HeLa cells [18], rabbit kidney cells
[19}, MDCK epithelial cells [20]. polymorphonu-
clear leukocytes, and hamster ovarian cells [21]. In
an in vivo model, we have shown that amebic liver
abscesses can be produced in hamsters by inocu-
lating them with axenic cultures of E. histolytica
and thus have demonstrated that this parasite has
intrinsic pathogenic activity {22}. Similarly, Dia-
mond et al. alco produced amebic abscesses in the
cecum of newborn guinea pigs by injection of ax-
enic cultures [23, 24].
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The cytopathogenic mechanism of E. histolytica
is not yet well understood, although considerable
progress has been made. The first step in the pro-
cess of tissue invasion seems to be the adhesion of
trophozoites to epithelial cells [25, 26]. Attach-
ment may be mediated by a lectin on the surface of
the parasite ce'l [27]. Immediately after the
trophozoites establish contact, severe cytopathic
alterations become apparent. Using cinemicro-
graphy, we have demonstrated these changes in
colonic and hepatic cells and cell fragments of
hamsters; using the same method, Ravdin ct al.
[28] observed the same changes in hamster ovarian
cell monolayers. Phagocytosis begins almost
simultancously with the CPE, and destruction of
tissue takes place within a few hours [25, 28]. In
our experiments, we observed rapid motility of
trophozoites, their obvious affinity for epithelial
cells, and the resistance of connective tissue o
amebic attack. It was also possible to observe
the initial phases of tissue invasion and the pro-
duction of typical lesions in whole hamster cecum
and liver incubated in culture medium [25]. These
results indicate that two mechanisms have a role in
the pathogenic action of E. histolytica: first is the
cytocidal effect exerted by viable trophozoites
adhering to target cells; second is active phagocy-
tosis by the ameba. In addition, these studies in-
dicate the importance of the role that the external
membrane of E. histolytica plays in the patho-
genic action of this parasite.

Extracts of E. histolytica, prepared by lysis of
trophozoites, exert a CPE on cultured mammalian
cells; this effect is manifested by cell-rounding and
agglutination of cells by detachment of the mono-
layer [28-30]. The CPE is neutralized by immune
serum [31] and by serum a-globulins [28, 29, 31];
it is reversible and not lethal [28, 31]. Extracts
from the most virulent amebic strain show a
greater cpe than do extracts from less virulent
strains [31]. Certain properties suggest that this
amebic “toxin” has a lectin-like activity [30],
although this toxin is different from the lectin
related to trophozoite adhesiveness [32]. A
hemolytic effect on red blood cells by extracts of
E. histolytica has also been described for different
specics [33]. The participation of these cytotoxic
substances in the pathogenic action of the whole,
viable trophozoite must be cvaluated by further
research,
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Host Defense Reactions Against
E. histolytica Invasion

Several recent studies have shown that humoral
and cellular immune reactions participate in the
host’s deferse against invasive amebiasis. Leuko-
cyte and macrophage defense mechanisms, al-
though not yet fully characierized, probably take
part also.

Humoral immuniry.  The humoral immune re-
action is identified by the presence of specific cir-
culating antibodies, which are generally detected
in patients one week after the onset of symptoms.
In experimentally infected hamsters, antibodics
are identified one week after inoculation. Most
antibodies are found in the 1gG fraction [34, 35]
and appear to belong to subcluss 2 [36]. Although
it is probable that circulating amebic antigen is
present during some phases of invasive amebiasis
[37], circulating antigen-antibody complexes have
not been found in patients with amebic liver ab-
scesses [38]. The lack of these complexes is un-

doubtedly one of the reasons for the absence of

immunopathologic lesions from paticnts with in-
vasive amebiasis.

In addition to characterization of the humoral
response, the identification of specific circulating
antibodies has two practical applications: the
diagnosis of invasive amebiasis and the seroepi-
demiology of amebic infection. The diagnostic
uscfulness of antibody detection is based on the

fact that such antibodies are found in > 90%, of

patients suffering from amebic liver abscess or
other severe forms of invasive amebiasis. More-
over, our experience shows that antibodies to
E. histolytica are identified in only a small per-
centage of population with no clinical evidence of
amebiasis (6%) and in the population of asympto-
matic carriers of £. histolvtica (6.6%) [39].

Of the different methods employed for detee-
tion of antibody to £. histolvtica we tound that
Counlcrimmunoclcclrophorcsis, which was devel-
oped in our laboratory, and indirect hemagglu-
tination are the most sensitive and specific tests
[39, 40]. The results of both :ests correlate for
most cases. Our cxperience with the enzynie-
linked immunosorbent (E1.ISA) [41] assay is
limited, but our impression is that results are
similar to those obtained by the other methods.

The usefulness of detection of antibody to
E. histolytica in the seroepidemiology of amebic
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infection is based on the fact that antibodies per-
sist in serum after invasive amebiasis is cured [42]
and probably also after subclinical amebic infec-
tions. Seroepidemiologic surveys carried out by
several investigators in different geographic loca-
tions have shown the value of this method (43,
44]. A survey of this sort was conducted in the
population of Mexico; it showed that the average
frequency of antibody to E. histolytica among the
total population sampled was 5.95% (range,
2.53%-9.95%). The survey took into account
economic differences among various parts of the
country and included 19,442 individuals living in
48 different localitics [45). This survey demon-
strated that amebiasis is highly endemic in Mexico
and that antibody to E. histolytica occurs in per-
sons of all ages, with a slight predominance in
children of school age. 1t also showed that in arcas
where the frequency of amebiasis is high, there are
apparently healthy individuals with antibody titers
similar to those recorded in paticnts with invasive
amebiasis. Finally, it was observed that over-
crowding and poor sanitary conditions in some
cominunities and the lack of education in hygiene
foster the dissemination of anebiasis. Although
we did not determine the nutritional status of the
individals in this survey, it is well known that mal-
nutrition is associated with poor sanitary condi-
tions in Mexico.

An important controversial point concerning
circulating antibodies to E. histolvtica is whether
or not they have any protective effect, or whether
they are only by-products of invasion by E. histo-
[ytica [46]. Studies by our group have demon-
strated the following. (/) Immune human serum
and y-globulin obtained from this serum inhibit
the growth of £. histolytica in vitro [47], and the
same serum neutralizes amebic pathogenicity [48).
(2) Immune human serum and antiamebic
y-globulin are capable of killing 90% of tropho-
zoites of £. histolvtica within 60 min [49, 50). (%)
Absorption of immune serum, or the Ig fraction
with E. histolytica trophozoites or antigen ob-
tained from a trophozoite homogenate, suppresses
this cytopathogenic  effect [51]. (¢) lmmune
human serum partially protzcts hamsters against
the effects of intrahepatic inoculation of virulent
L, histolvtica [52].

Another factor that may contribute to localized
defense against £. histolyvtica is intestinal secretion
of IgA. This immunoglobulin inhibits intestinal
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absorption of antigens [53, 54], and its role in
local defensc against enterobacteria, particularly
against Vibrio cholerae and enterotoxigenic Es-
cherichia coli [55] has been demonstrated. Further-
more, coproantihodies have been found in 79%-
80% of patients with intestinal amebiasis [56, 57].
The ratio of IgA to other immunoglobulins in
coproantibodies, as well as their protective effect
against amebiasis, has not been determined. Last-
ly, E. histolvtica is capablc of activating the alter-
nate pathway of complement [58], as are other
protozoans [59]; through this mechanism, sera
lacking antibodies to . histolytica are capable of
destroying trophozoites., This mechanism may be
important in nonspecific host defense against
amebic infection. A recent study supports a
substantial role played by complement in the
defense mechanism. Hamsters treated with o
cobra venem factor for reduction of the amount
of circulating complement before inoculation with
amebas developed more severe hepatic lesions
than did intact control groups [60].

Celiutar immunity.  Of the different functional
assays of cellular immuziity, intradermal reactions
against amcebic antigen and inhibition of macro-
phage migration were selected for study by our
group.

The intradermal reaction to a standai dized axe-
nic ameba antigen was generally negative during
the initial phases of amebic liver abscess. Tests
against other antigens such as streptokinase, strep-
todornase, and purified protein derivative yielded
positive reactions during this phase. Negative
results cannot be attributed to a decrease in cir-
culating T lymphocytes, because there was no ab-
normality in the population of lymphocytes form-
ing E-roscttes. On the other hand, most patients
had positive intradermal reactions to amebic an-
tigen during the late stage of the discase and afier
convalescence [61-63]. Testing for inhibition of
migration of macrophages was also negative dur-
ing the initial stages of amebic liver abscess in both
humans and hamsters. The test yielded positive re-
sults after the patient was cured. However, anti-
bodies to E. histolvtica were detected in the sera of
patients and hamsters in the early as well as in the
late stages of the disecase [61, 64]. The absence of
cellular immunity early in amebiasis and its ap-
pearance during later stages suggests a state of
transient ancrgy, such as that described for other
infectious discases [65].
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Finally, a recent study showed that a subcellular
antigenic f{raction from E. histolytica, which we
have named lysosomal antigen, induces blasto-
genic transformation of lymphocytes in patients
with amebic liver abscess [66]. This transforma-
tion was observed boih in the carly stage of the
disease and in the months after convalescence, an
observation indicatirg thiat sensitization of lym-
phocytes by E. histolytica antigens may occur in
the carly clinical stages and that there is some
cellular memory of this process in late stages.

The results described here indicate that circulat-
ing antitodies, complement, and cell-mediated
immunity participate in the specific host-defense
against invasion by E. histolytica. Events in the se-
quence of immune reactions suggest that the primary
response in the acute stage of the amebic infection
depends on humoral immunity and that cellular
immunity develops afterwards. This pattern may
indicate a role for cell-mediated immunity in resis-
tance to reinfection by E. histolytica.
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Amebiasis: Nutritional Implications

Louis S. Diamond

From the Laboratory of Parusitic Diseases,
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Bethesda, Marviand

Studies on the role of nutrition in amebiasis in humans and experimental animals are
meager. Some reports suggest that malnutrition of the host increases the incidence of in-
fection and potentiates the severity of the disease. Others suggest that malnutrition pro-
tects the host against invasion. A few reports indicate that dietary regimens can alleviate
symptoms and even eradicate the parasite. Others doubt a correlation between diet and
rate of infection or discase manifestations. The problem is complex because the ameba
is influenced by its own diet, which in turn depends on the host's diet, the bacterial flora
of the gut, and coexisting infections. The host is variously altered by dietary depletions
and supplementations, which affect susceptibility and resistance, and by the presence of
other discase conditions. Carefully designed and exccuted studies of infections in
humans and experimental animals, combined with studies in vitro of the nutritional re-
quirements and physiology of the parasite, are needed for definition of the influence of

host nutrition in amebiasis.

Amebiasis, as defined by a World Health Organi-
zation (WHO) Expert Committee [1], denotes the
harboring of Entamoeba histolytica, with or
without clinical manifestations. The Committee,
recognizing both that the parasite may sometimes
invade tissue without producing symptoms and
that infection without tissue invasion is common
but indistinguishable from infection with asymp-
tomatic tissue invasion, classifies amebiasis as
cither asymptomatic or symptomatic. Sympto-
matic amehiasis is subdivided into two principal
categories: intestinal and extraintestinal. Lesions
due to £, histolytica have been reported in nearly
every organ in the body.

The situation is further complicated. At one
time, all Entamoebe that were isolated from
humans and formed four-nucleated cysts in their
life cycle were considered one species. Today at
least three well-characterized entities that form
these cysts are recognized: Entainoeha histolyviica
(farge race), the pathogen; Entamoeha hartmanni
(small race), of doubtful virulence; and En-
tamoebua histolyrica-like amebac (low temperature
strains), also of doubtful virulence. Many of the
earlier reports fail to distinguish among these
amcbac.

I am grateful to Dr. Leon Jacobs for his advice in the
preparaticn of the manuscript and for his ¢ritical review.

Please address requests for reprints to Dr. Louis S, Dia-
mond, Laboratory of Parasitic Diseases, National Institutes of
Health, Building 5, Room 112, Bethesda, Maryland 20205.
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Some workers differentiate between large and
small races but consider both to be potential
pathogens. Some investigators today, despite
mounting cvidence to the contrary, consider
E. harimanni and E. histolytica-like amebac to be
strains of E. histolvtica. 1 view them as scparate
entities.

Animal experimentation is of limited usefulness
because, with the possible exception of the new
world monkeys, all threce states of amebiasis as
they occur in humans; commensalism, intestinal
tissue invasion, and extra-intestinal invasion can-
not be induced in any one species.

Nutritional interactions between the host and
the parasite have received relatively little attention
from students of amebiasis. Only a handful of
reports have appeared on the role of diet in the
production of amebic lesions in experimental
animals. Many of these were prompted by the
need for suitable animal models for chemothera-
peutic trials.

As for studies of human nutrition in amebiasis,
cven fewer reports are available. Brandt and Perez-
Tamayo [2], writing on the pathology of human
amebiasis, state: “The influence of nutrition in
human amebiasis has been accepted more by reit-
eration than by demonstration. Tnere are only
few studies suggesting a role for nutritional fac-
tors in both the existence and severity of the dis-
casc in man, and they are all epidemiological in
nature.” The report of the WHO Expert Commit-
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tee [1] briefly mentions the possible role of nutri-
tion in altering the pathogenicity of amebac in ex-
perimental animals, Not one of the 30 rescarch
proposals included in the report deals directly with
nutrition,

Let us now consider some of the available infor-
mation on the nutritional interactions of host and
parasite in amebiasis from two aspects: human
discase and animal experimentation.

Some of the literature that I discuss here is con-
sidered classic and has been quoted repeatedly. In
many instances, the quotations appear to have
been taken from other than the original publica-
tion; after several cycles of this process, the ori-
ginal is somewhat distorted. What follows is my
own direct analysis of cach of the works cited, and
I am responsible for any error or misinterpreta-
tion. The publications of Frye [3] and Scrimshaw
ct al. [4] provide additional reviews and in “pre-
tations of the role of nutrition in amebiasis.

Influence of Diet on the Incidence, Nature,
and Severity of Amebiasic Disease

Malnutrition compromises the host (synergisni).

The studies of Elsdon-Dew [5-7] on the role of

dict in human amebiasis deal with three popula-
tions in Durban, South Africa: Europeans, Indians,
and native Zulus. In the European population,
dysentery was rare and extraintestinal amebiasis,
such as liver abscess, was practically unknown.
Among the Indians, dysentery was also rare, but
liver abscess was not infrequent. In the Znlu
population, acute fulminating amebic dysentery
was extremely- common, and extraintestinal
amebiasis was frequent. The highest incidence of
infection and invasive discase was found among
the lower- and no-income groups of the Zulus.
Although the three populations intermingled in
their daily lives, the Europeans lived apart in a2reas
of good housing and sanitation. In Caio Manor, a
notorious slum and an arca in which the highest
incidence of invasive amebiasis occurred, Zulus
and Indians lived in close association, 1. substan-
dard housing (shacks), without adequate water
supplies or sewage disposal. Nevertheless, invasive
intestinal amebiasis  was  extremely  common
among the Zulu people only; it was rare among
the Indians. The concept that diet could account,
in part, lor these observed differences appeared in
the first of Elsdon-Dew’s series on amebiasis in
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Africans [5] and was developed in subsequent re-
ports [6, 7]. The Europeans ate a balanced diet,
and the Indians ate curries and rice supplemented
with green vegetables. The diet of the Zulus con-
sisted almost exclusively of maize, suppleinented
in rare instances by meat or vegetables. Milk, part
of the diet of their rural kin, was not available to
the urban Zulus. Noting the association of maize
diets and amebiasis throughout the world, Elsdon-
Dew [5] suggested that factors essential for protec-
tion of the bowel wall against amebic invasion
may be abscnt from maize. Later [7], he suggested
that diet might effect a change in the bacterial
flora of the intestine that, in some unknown man-
ner, causes L. histolytica 1o become invasive. In
recent years, bread has replaced maize in the diet
of the Zulus [7], but this change is of little conse-
quence because the relationship probably involves
the eating of high carbohydrate-containing cereals
to the exclusion of nearly all other food. In a more
recent publication [8], the Durban investigators
considered rapid fecal transmission of the parasite
froni person t¢ person a major factor in the high
incidence and severity of amebiasis among the
Zulus. They attached less importance to dietary
deficiences because the occurrence of discase has
not been related to any specific form of malnutri-
tion. However, the authors conceded that changes
in the bacterial flora of the gut could play a role.
Several clinical studies mention malnutrition as
a factor predisposing to amebic disease and en-
hancing the severity of clinical symptoms. How-
ever, malnutrition observed in patients  with
amebic colitis may be a result of the discase itself.
Individuals, especially those with intermittent
diarrhea, may have symptoms for a year or more
before secking medical attention. Information eli-
cited from the patient regarding dietary habits is
the only means for determining the individual’s
nutritional status prior 1o the onsct of symptoins.
A few examples of these studics are presented.
Lewis and Antia [9], in a study of 295 cases of
amebic colitis in Ibadan, Nigeria, noted that
malnutrition was a factor predisposing to infec-
tion and leading to increased mortality. They did
not note the type of malnutrition. In Mexico Cit:
Gutiérrez-Trujillo [10} observed advanced malnu-
trition in 76% of 439 cases of intestinal amebiasis
in children seen at a pediatric hospital. Only 5.5%
of the infants received mother’s milk. In another
study of hepatic amebiasis in children by the same
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author [11], all of 181 patients were in a state of
malnutrition on admission. Rajasuriya and Naga-
ratnam [12], in a clinical study of hepatic amebia-
sis in Ceylon, clicited dietetic histories from 79 pa-
tients. Of these, only 23% ate an adequate diet,
i.c., three meals per day comprised of rice or flour
preparations, two or three vegetables, green
leaves, some animal protein daily, and milk, but-
ter, and fruit. The dicts of 50% of the patients
were deficient in protein, but otherwise adequate.
Twenty-seven percent lived on diets poor in pro-
tein and generally inadequate. Thus, approximate-
ly 77% subsisted on inadequate protein diets. The
authors commented that the predominantly carbo-
hydrate nature of Ceylonese diets was probably an
additional factor causing luxuriant growth of the
parasite in the gut. Alcoholisn as a predisposing
factor in liver abscess was also discussed. The
chronic alcoholic cats sparingly, often missing
meals, and his diet is apt to be deficient in protein.
The reduced dietary intake plus the hepatotoxic
effect of alcohol could make the liver much more
susceptible to invasion by amebae.

Dogs have been used extensively in studies of

enteric amebiasis. Faust et al. [13] reported that
dogs resistant to amebic infection when fed a
balanced ration were more readily infected and ex-
hibited more consistent dysenteric  symptoms
when fed canned salmon exclusively. The observa-
tion that some dogs ted only canned salmon devel-
oped dysentery in the absence of apparent infec-
tion with E. histolvtica led Artigas and Beaver [14]
and Villarejos {15] to examine this phenomenon,
They learned that a salmon diet alone could pro-
duce a dysenteric syndrome accompanied by
histopathologic  changes in  the colon [14].
Moreover, when present, amebae were not pri-
mary tissue invaders, although they may have aided
in the causation of symptoms [15].

Taylor et al. [16] showed that guinea pigs and
rats fed with a specially formulated guinea pig diet
displayed relatively high rates and enhanced
severity of infection with E. histolvtica. In con-
trast, a specially formulated ratbreeder dict par-
tially suppressed infection in guinea pigs, whereas
it enhanced infection in rats. The authors were
able to conclude only that diet influences the
course of amebic infection in rats and guinea pigs.
The conspicuously low fiber content of both diets
may have been partly responsible for the general
intensification of the infections. Presumably, such

845

diets reduce bowel motility, thereby increasing the
length of time required for the passage of bowel
contents. In turn, this slowing of function might
afford the amebae more time for colonization and
tissuc invasion.

Lynch [17], secking an explanation for why
guinea pigs fed a synthetic diet are more susceptible
to infection with E. histolytica than are those fed a
commercial guinea pig dict, found that the synthe-
tic diet caused histologic alterations in the cecal
mucosa. Lynch postulated that the syrthetic diet
conditioned the wall of the cecum to permit inva-
sion by the symbiotic (sic) amebae and bacteria.
Morcover, Lynch suggested that diet, apart from
any deficiences, might cause tissue disturbances in
specific organs for which a given parasite has an
affinity and that these disturbances could predis-
pose the tissues to infection.

Ross and Knight [18] studied the influenc: of
protein-deficient diets and low-protein, high-
carbohydrate dicts on infections with E. his-
tolvtica it weanling rats and reported that: (/)
protcin-deficient rats were more susceptible to in-
fection, and those infected had more cecal uleera-
tions; (2) carbohydrawe supplementation, although
it enhanced susceptibility, tended to suppress or
control tissue invasion, as was evidenced by a re-
duction in the number of ulcers in infected animals.

Rao and Padma [19] conducted a study on the
cffects of host nutrition on the susceptibility to in-
fection and on the immune response to amebic an-
tigen in rats. The results of their experiments were
similar to those reported by Ross and Knight [18].
Animals fed a low-protein, vitamin-deficient diet
showed increased susceptibility, as measured both
by the number of animals infected and by the se-
verity and even fatality of discase. By contrast, in
rats fed an adequate diet the incidence of infection
was half as high, ai d the lesions that developed
were negligible. Immunized but uninfected rats on
the deficient diet showed significantly lower indi-
rect hemagglutination titers than animals fed ade-
quate diets. While acknowledging that mechanisms
of immunity in amebic infection have not been
adequately investigated, one may speculate that a
nutritionally comproniised host would have diffi-
culty mounting an immunologic defense against
the amebae.

In at least two studies, cvidence suggests that
lack of a specific nutrient affects the level of resis-
tance to amebic attack in animals. Sadun ct al.
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[20] reported that feeding an ascorbic acid-deficient
diet to guinca pigs resulted in higher infectivity

and mortality. Levels of ascorbic acid in tissues of

infected animals were not significantly altered, but
splenomegaly with hyperplasia of reticular tissue
was present,

Larsh [21] found that dogs in which blacktongue
(analogous to human pellagra) was induced by
diet were more susceptible to infection with £, his-
tolvtica, had more acute symptoms than con-
trol dogs ted the same diet but maintained free
of blacktongue by the oral administration of nico-
tinic acid. Thus, nicotinic acid was in some way in-
volved in the mechanism of resistance to amebiasis
in dogs.

Mualnutrition benefits the host (antasonism).
Faust [22] surveyed an economically impoverished
lower-class population in Cali, Colombia, and
found a high incidence of infection with L. histo-
[vtica, but relatively little clinical discase. Cysts
were the most frequently observed form of the
parasite. Noting large quantities of undigested
starch in the average fecal sample, and most cer-
tainly cognizant that rice starch is the principal
source of carbohydrate in ameba-bacteria culture

systems, Faust sugzested ihat the abnndance of

starch might tend to keep £, histrolviica in the
large intestine, Later, Faust and Read [23] showed
that the starch of the yucea tuber and plantain, the
principal foods of the surveved population, could
satistactorily substitute for rich starch in cultures of
a Colombian and a non-Colombian strain of £, his-
tolvtica. Considering this finding and the results
of other studies of starches, as well as the protein
deficiency of the Cali population, Faust and Read
proposed an explanation for the near absence of
clinical amebiasis in the presence of a high in-
cidence of infection, They suggested that protein
malnutrition produces a deficieney of pancreatic
and intestinal enzymes, so that ingested starches
are inadequately hydrolyzed and intact starch
grains are passed out of the body. 1. listolviica,
colonizing in the large bowel, utilizes certain of
these starches and maintains itself in the intestinal
crypts without resorting to deep invasion of the in-
testinal wall in scarch of the required carbo-
hydrate. In these studies, £, hartimanni was con-
sidered a form of E. lustolviica.

Meeroviteh [24] advanced a somewhat similar
hypothesis to explain why the reptilian ameba, Fn-
tamoeba invadens, lives as a harmless commensal
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in turtles but as an invasive parasite in carnivorous
reptiles. Mcerovitch argued that, in the partially
herbivorous turtles, the amebac found all the con-
ditions, especially plant polysaccharide, necessary
for encystment and completion of its normal life
cycle. In carnivorous reptiles, the lack of plant
polysaccharide led the amebae to feed on mucus
secretions of the intestinal epithelium and to in-
vade the tissue,

The avidity of . histolvtica for erythrocytes is
well established. Trissl et al. [25] noted a correla-
tion between a strain’s virulence and its ablity to
phagocytose human red blood cells. Latour and
Reeves [26] provided evidence that E. histolytica is
an organism with above average requirements for
iron. Weinbach ¢t al. [27] identified iron-sulfur
proteins as major electron carriers. Diamond et al,
[28] showed that, when hamsters overloaded with
iron administered orally or parenterally were inoc-
ulated intrahepatically with axenically cultivated
anmiebae, they suffered more frequent and more se-
vere hepatic lesions than did normal controls.
Morcover, the same authors suggested that iron
overload in Zulu men, brought on by the excessive
intake of iron from native beer, might account in
part for the fulminating amebic dysentery seen in
these people (synergism). On the other hand, the
iron deficiency anemia commonly observed in
women between menarche and menopause might
protect them against liver abscess, which is less
likely 1o occur in womei than in men belonging to
this age group (antagonism).

Murray et al. [29] reported that E. histolytica,
as determined by scrologic technique, was rela-
tively uncommon in nomadic Turkana (three of
230) in Kenya who subsisted principally on a diet
of milk, as compared with Turkana (39 of 236)
who consumed a diet of milk supplemented by
fish. Evidence showed the milk-drinking Turkana
to be iron deficient. In a controlled prospective
study of pastoral Masai, the same authors [30] re-
ported that administration of iron to correct
ancmia led to increased susceptibility to amebia-
sis. The data supporting this contention are
meager and open to some question, One year after
initiation of the study, Group I (untreated con-
trolsy included 35 individuals with cysts, and three
with sera positive for I, histolvtica. Group 11
(treated by oral administration of iron) consisted
of 35 patients: I'F with cysts, seven with tropho-
zoites, and 17 free of the ameba (29 of the pa-
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tients, including aii inose that were infected, were
scrologically positive). Group 111, consisting of six
persons (treated by im injection of iron), remained
free of the parasite and were serologically nega-
tive. Evidence is overwhelming that amebic anti-
bodies in humans are produced in response 1o
direct contact of the parasite with host tissues. Pa-
tients who pass cysts tend to be serologically
negative. One could argue that during the year ol
the study, the t1 serologically positive patients
who passed cysts had suffered tissue invasion and
were now in the healed state. Spontancous self-
cure is known in intestinal amebic disease. But
none in the study gave evidence or history of ab-
dominal pain or diarrhea. Even the authors noted
the curiousness of this absence. The latex ag-
glutination test used in the study has been shown
to give unusually high rates of false positive reac-
tions [31], and an argument that many of the posi-
tive reactions could reflect past active infection is
not consistent with the history of the patients. The
present interest in the role of iron in amebic infee-
tion warrants additional carctully controlled clini-
cal studies with full parasitologic testing and more
dependable scrologic tests.

Alleviation of Symptoms and Eradication of the
Parasite by Diet

One of the early experimental studics relating diet
to amebiasis was reported by Kessel and Huang
[32], who examined the effect of diet consisting
exclusively of milk on naturally occurring amebic
infection of the intestines of monkeys and chil-
dren. The children were asymptomatic. Three of
five monkeys fed exclusively on rav milk for two
weeks became negative for Entenioeha dysenteriae
(£, Hhistolytica) and the commensal Entamocha
coli and remained free of these parasites during
threc months of observations. Two of three chil-
dren fed exclusively on raw milk were rid of the
pathogen and remained free. Two children and
two monkeys serving as untreated controls re-
mained infected with the amebae. In a later study,
Kessel [33] fed diets of milk, lactose or lacto-
kepol (emulsion of lactose, agar, and mineral oil)
to rats, monkeys, and humans. Eight of 15 rats,
one of 11 monkeys, and three of nine patients
(given milk or lacto-kepol) were cleared of E. his-
tolytica. Kessel related the clearance of the

847

amebae to changes in the intestinal flora accom-
panying the experimental diets.

Faust and Kagy [34] showed that the feeding of
raw liver to infected dogs not only arrested the de-
velopment of E. histolytica in the tissues and
bowel lumen and brought about encystment, but
also aided the healing process. In some animals,
the parasites were completely eradicated. Dessic-
ated liver extract, while it arrested the invasive
process, did not eradicate the parasite. In con-
trast, Ventriculin® (desiccated hog stomach, Parke
Davis, Morris Plains, N.J.) failed to check the
disease process and increased susceptibility of the
host tissue to secondary bacterial invasion. Larsh
[21} suggested that in view of the successful use of
raw liver or liver extract to cure blacktongue, the
findings just described further substantiate the
role of nicotinic acid in the mechanism of resis-
tance to £. histolytica in dogs.

Doubtful Correlation Between Nutrition
and Amebiasis

In a search for factors responsible for differences
in the frequency of clinical amebic dysentery in
two rural communities in Tennessee, Alexander
and Mecleney [35] conducted a detailed and pains-
taking study of the dictary habits of the two popu-
lations. One community, situated in hill country,
had a high incidence of infection with E. histo-
Iytica, but a relatively low incidence of dysentery;
the other community located in the lowland, had a
lower incidence of infection but a number of
acute cases of dysentery. Protein consumption
was adequate in both communities, carbohydrate
intake more than adequate, and far consumption
less than adequate. A strikingly common feature
of the diets was the great quantity of cornmeal
consumed.

No correlation could be found between inade-
quacy of diet and the harboring of E. histolytica
in cither community, with or without acute
dysentery. No correlation appeared between lack
of vitamins and infections with the parasite. In
general, infection was niore frequent in both com-
munities among families with lower calorie in-
takes, but, as the authors conceded, this correla-
ton could have been due to factors other than
diet, such as better personal hygiene and protec-
tion from infection. The authors noted that the
lack of evidence implicating dietary factor as a
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cause of acute amebic dysentery did not preclude
its influence under certain conditions. Clinical evi-
dence in individual cases strongly supported the
view that diet can affect amebic infection

Winfield and Chin [36], studying the epidemiol-
ogy of parasitic amebac in China, attributed the
high incidence of infection with £, histolytica in
northern China and the low incidence in central
and southern China to a combination of food
habits and handling, not to diet per se. People in
northern China consumed large amounts of bread
products, usually caten cold. During the time be-
tween preparation and consumption, which could
be hours or days, the cold bread was subjected to
repeated contamination from tamily food hand-
lers, flics, and the dirty hands of the consumers
themselves. Understandably, the relatively resis-
tant cyst, the transmissible stage of £. histolvtica,
could be readily passed between family members.
In central and southera China, rice was commonly
caten and bread rarely taken. Rice was ordinarily
eaten hot and, when kept from one meal to another,
was usually stored in covered containers, dis-
pensed with a spoon, and caten with chopsticks.

Carrera ¢t al. [37] found no significant dif-
ferences in rates of infectivity or severity of
discase in guinca pigs fed an adequate diet, a diet
quantitatively deficient in protein, or a diet
gqualitatively deficient in protein.

Consequences of Amebie Infection on the
Nutritional Status of the Host

What little is known regarding the consequences
of infection is based more on clinical observaiions
than on experimental evidence; and because of the
protean naturc of amebiasis, these consequences
arc not readily identifiable. Diarrhea and, at
worst, dysentery accompany intestinal amebic dis-
casc. Piarrhea may be continuous or intermittent.
From two to 20 or more stools may be passed dai-
ly. As a consequence, the loss of endogenous nu-
trients such as proteins, trace metals, and electro-
lytes is likely in seriously affected patients. Lewis
and Antia [9], in deseribing mild to moderate
amebic colitis in 200 patients who passed up to
four loose stools daily, noted the absence of con-

stitutional disturbances. Nevertheless, 12.5% of

these patients died because of their infections.

Martin ct al. [38], in a study of the efficacy of

amebacides and antibiotics in amebiasis, exam-

Diumond

ined 644 patients with acute amebic dysentery in a
United Nations prisoner of war camp in Korca;
97% had blood and mucus in the stool, and 87%
of 560 patients examined by sigmoidoscopy ex-
hibited ulceration. The authors state: “The relative
appearance of well-being of the amebic patients,
cven those whose sigmoidoscopic examination
revealed extensive enteric lesions, was in marked
contrast to that of the acutely ill, toxic, dehy-
drated patients with shigellosis.” Dehydration and
loss of electrolytes appear as common features
only of severe amebic dysentery {9, 39]. Electro-
lyte imbalance appears to be a more important
feature of the discase in children. Castafieda-
Castafeira et al. [40] studied 103 Mexican chil-
dren, aged 54 days to 16 years, suffering from dys-
entery, diarrhea with blood and mucus, or pro-
tracted diarrhea without blood. Twenty (19.4%)
were found to have invasive intestinal amebiasis.
Of these, 60% were found to have electrolyte and
acid-base imbalance, and 15% an intolerance for
carbohydrate. Anemia is uncoinmon even in acute
dysentery, but serum albumin is low [41].

The problem of identifying malnutrition as a
predisposing factor or a consequence of amebic
disease has been mentioned. Coexisting helminthic
infections can add further complications. For ¢x-
ample, trichariasis (whipworm infection) is at
times associated with amebiasis in children and
has been suggestea as a predisposing factor. From
a study of aboriginal children in Malayasia, Gil-
man ct al. [42] provided cvidence that malnutri-
tion in patients with coexisting infections resulted
morc from infection with Trichuris than from in-
fection with L. histolytica. These researchers
found no cvidence of chemical or clinical defi-
ciency of thiamine or vitamin A in children in-
fected with either parasite. However, serum albu-
min was significantly depressed in both groups of
patients.

Liver abscess, the most frequent extraintestinal
form of amebiasis, is acute and severe. Anemia,
which is commonly documented in cases of ame-
biasis [41, 43, 44], is normoblastic and hypo-
chromic [44]. Mayet and Powell [44] and Dia-
mond et al. [28] have reported that serum iron
levels, total iron-binding capacity, and percentage
saturation are significantly reduced in patients
with amebic liver abscess. These responses parallel
those found in patients with acute bacterial or fun-
gal infections. Evidence indicates that these and
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other changes in status of iron associated with
acute infectious diseases play an important role in
host defenses. On the other hand, they could rep-
resent secondary pathologic consequences of a dis-
case state [45].

In an effort to determine the mechanisms of the
anemia associated with liver abscess, Devakul e
al. [46] examined the absorption of vitamin B,,.
Most patients showed remarkably reduced urinary
excredon of By,. The researchers attributed this
reduction to faulty intestinal absorption, since all
patients had normal renal function, and, in those
cases in which both urinary and fecal excretion of
By: was measured, the results were parallel. This
malabsorption was attributed to changes in intes-
tinal function that occur during active disease but
are not related directly to the abscess itself.

Concluding remarks

Clearly, the complexities of amebic infection and
discase are capable of frustrating even very careful
and intuitive workers who study the problems of
nutrition and amebiasis.

Some of the reports presented suggest a correla-
tion between malnutrition of the host and higher
incidence of infection and/or severity of discase
(snyergism). Some suggest that malnutrition oper-
ates in defense of the host, protecting it against
tissue invasion antagonism). A few reports suggest
that dictary regimens can alleviate symptoms and
cradicate the parasite. Others doubt a correlation
between diet and rate of infection or disease
manifestations.

The ameba itself is influenced by its own diet
(which depends on the diet of the host), the bac-
terial flora of the gut, and concomitant patho-
genic infections. The host, 100, is variously altered
by dietary depletions and supplementations,
which affect susceptibility and resistance, and by
the presence of other discase conditions, The
separation of all of these factors in future clinical
studies will require careful attention to the selee-
tion and study of the pertinent details of the popu-
lations or patients under investigation. Informa-
tion from such studies would be very useful.
Studies in vitro of the nutritional requirements
and physiology of the ameba may add pertinent
information. Experimental studies in animals may
further clucidate the problem. The value of these
studies will be enhanced if inherent differences in
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the virulence of different strains of E. histolytica
arc considered. Some of the animal studies re-
viewed here can be faulted for a lack of clear iden-
tification of the invasiveness of the strains ein-
ployed. The presence of three morphologically
similar amebac in humans, i.c., E. histolytica (sensu
stricto), E. histolytica-like amebae, and E. hartion-
ni, must be taken into account. Future investigators
must rule out the possibility of mixed infections in
the matcrial they use to infect their animal models,
Yarious clues about cereal diets, the importance of
trace metals, such as iron, the influence of various
factors on amebal growth in vitro, and attachment
to substrates and invasiveness suggest that future
workers will be able to disperse some of the clouds
around this problem,
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Giardiasis: Host-Pathogen Biology
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Giardiasis is the most common waterborne diarrheal discase in the United States and is
highly prevalent throughout the world. The clinical spectrum of disease ranges from
asymptomatic infection to persistent severe malabsorption. The precise interaction be-
tween Giardia and its human host remains conjectural because of the paucity of
published studies that address the details of its pathogenesis. The immune system of the
host responds to this protozoan parasite, and the intestinal epithelium is a site of -

teraction between parasite and host. Possible mechanisms whereby Giardia may alter
the host’s absorption of nutrients at the epithelial level include direct physical in-
terference, toxin secretion, direct physical alteration of the epithelium, competition for
nutrients, induction of an inflammatory response, and coincidential infection of the
host with a second organism. The host’s immune system may play both a protective and

a pathogenic role.

While Lambl was the first to recognize human
Giardia in stool in 1859, he, in all modesty, chose
to call it Cercomonas intestinalis. Kunstler named
the genus Giardia 23 years later, but it was a half
century more before Giardia  lamblia  finally
received its current name [1]. The organism was in
fact first observed as soon as von Leuwenhocek
looked at his own stool under his microscope in
1681 [2]. In spite of this long history of recogni-
tion, Giardia was thought for centurics to be a
commensal organism. It was considered to have
little relevance to discase, and its occurrence in
stool was generally thought coincidental with the
presence of more-culpable agents in the stool of
the unwell patient.

Epidemiology

It was not until the last two decades that the role
of G. lamblia in waterborne infectious diarrheal
diseases became apparent. This was recognized
most dramatically in two scttings: (/) when com-
munity water supplies laden with G. lamblia
passed through inadequate filtration systems and
led to dissemination of the organism and (2) when
travelers from arcas where giardiasis is uncommon
returned ill from endemic arcas [3]. While discase
was undoubtedly present prior to the recent redis-
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covery of this organism as a pathogen, its clinical
significance may have been dwarfed by more-
dramatic intestinal illnesses, such as amebiasis, or
may have been indistincet from more-trivial inter-
mittent intestinal disturbances.

Waterborne  giardiasts.  Giardiasis — spreads
among humans via at lcast two routes: by infected
water supplics [4] and directly from person to per-
son [5, 6]. The first dramatic recognition of com-
munity-wide water contamination occurred in
Aspen, Colorado, in the late 1960s, when sewage
lines crossed the purified water supply and infec-
tion was disseminated to large portions of the
community [7]. Since then, over two dozen com-
munity-wide epidemics have been associated with
failure of water purification systems in the United
States. Generally, failure of filtration systems was
the common factor in these outbreaks [3] since the
chlorine concentrations used in community water
purification are too low to inactivate giardial cysts.
The ultimate identification of giardial cysts in sus-
pected water samples sirengthened the argument
for the association of fa.lures in filtration systems
with outbreaks of discase [8].

There is strong suspicion that animal reservoirs
of human Giardia cxist. This hypothesis grows out
of the increasingly frequent observation of
Giardia-infected beavers in waters upstream from
filtration plants implicated in community outbreaks
[9, 10]. If valid, the concept of animal reservoirs
for G. lamblia would help explain the develop-
ment of infection in persons drinking the pristine



walter in areas unoccupied by humans, such as the
upper reaches of the Rocky Mountains.

There are many communities where the water
supply is chronically infected with Giardia. On u
worldwide basis, these communities range from
those in developing areas of the world, where
water supplies are not formally treated and
overlap with sewage disposal systems (e.g., local
streams) (o  communities of such apparent
sociocultural development as Leningrad, from
which 23% of North American travelers return
with giardiasis [11].

Person-to-person spread.  Observation of the
high frequency of giardiasis among children in day
care centers [5] and among promiscuous male
homosexuals [6] strongly suggests that the discase
can be transmitted by direct contact. These ooser-
vations have implicated poor personal hygiene
and/or personal contact as contributing to the
miliew where the organism may complete the fecal-
oral route and establish infection in the new host,

The Pathogen

The parasite exists in two forms: the motile,
flagellated, 9 x 15-mm trophozoite and the some-
what smaller, tough-walled cyst. The trophozoite
is pear-shaped, with four pairs of flagellac extend-
ing from its fateral and posterior surfaces. The
dorsal surface is convex. Its central surface is con-
cave and contains a structure called the sucking
disk, which is refined for adherence to surfaces.
This term implies greater knowledge of its func-
tion than is probably justified. While the sucking
disk acts as a kind of foot, its mode of attach-
ment, at least to the microvilli of the small intes-
tine, may involve digging into the field of pliable
microvilli without actually establishing an intra-
disk negative pressure. Transmission clectron mi-
crographs show two nuclei, a microtubular net-
work that seems to be circumstantially associated
with the attachment disk, and a series of vesicles
that line up along the dorsal surface and may be
associated with nutrition of the organism [12, 13].
While endosymbionts (parasites within a parasite)
have been demonstrated in a murine strain of
Giardia, their exact role is undetined [13].
Trophozoites reside in the small intestine where
they can attach to the epithelial surface, remain in
the unstirred layer above the epithelial surface, or
move about in a presumably random fashion [12].
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There is no evidence that they are propelled for a
particular purposc or by tropism, but no substan-
tive data exist in this area. Presumably peristalsis
carries them caudally in the hosts intestine and, as
they pass toward the anus, they encyst.

The tough-walled, oval cyst contains four
nuclei, and its wall is resistant to various tem-
peratures and substances. It is excreted in stool
into the environment. Ingestion by a host and
passage into the acid environment of the stomach
lead to excystation to the trophozoite form [14).
The trophozoite passes into the small intestine,
and infection is again established.

Little is known of species variations among
various Giardia strains or of their respective host
specificities. For years each Giardia strain was
named for its host [15]. This nosology, however,
should not be interpreted as implying host speci-
licity by these various strains, While minor
changes in substructure help differentiate Giardia
muris from G. lamblia [1], there are no similar
morphologic or other clues for differentiating
among the more than 50 other named species.

Larly studies suggested that Giardia isolated
from human stool would infect rats and mice [16].
These studies ignored the high prevalence of wild
strains of Giurdia in various rodents and are,
therefore, probably of questionable value. The
most subsiantive information regarding cross-
species infectivity has been obtained by Davies
and Hibler in a transmission study done in Col-
orado [10]. While they have isolated numerous
strains of Giardia from various wild mammal
hosts, the host specificity of these strains remains
unclear. Of great interest, however, are their
studies of cross-transmission by passage of Giar-
dia obtained from human stool into beagle dogs
free of specific pathogens. Because of the careful
prospective nature of these experiments, it is safe
to say that these animals were not hosts to wild
strains of Giurdia prior to infection. These data
provide the first substantive evidence that dogs
may provide a reservoir for human Giardia.
Morcover, these authors have reported that Giar-
dia isolated from stools of both beavers and dogs
have been transmitted into human volunteers.
These data show that certain human Giardia
strains may cross from one species to another
(from dog and beaver to humans) and that these,
and possibly other nonhuman hosts, may serve as
animal reservoirs for human Giardia. The role of
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these animals in contaminating human water sup-
plies is strongly suspected [4]. Whether they serve
as direct sources of infection (e.g., infection
transmitted to humans from domesticated dogs by
way of fomites) is still conjectural,

Host-Pathogen Interaction

Giardiasis prasents a broad clinical spectrum. It
varies in severity from asymptomatic, often short-
lived and self-limited infection that probably oc-
curs in most infected persons, to persistent severe
malabsorption syndromes with chronic diarrhea
and weight loss [11]. It is an infection of the small
intestine, and the arena for interaction between
host ana pathogen is localized to . .at organ. At
least two interfaces exist for this interaction. The
first is the interaction between Giardia and the in-
testinal epithelial cell for which there is substantive
morphologic evidence and considerable physiolog-
ic speculation. The second is the intcraction be-
tween Giardia and the immune system; evidence
here is more fragmentary, albeit convincing. A
clearer understanding of the net host-pathogen in-
teraction may be derived from consideration of
each of these areas separately.

Interaction of Giardia and Epithelial Cells

Giardia appear to roam over the epithelial surface
of the small intestine, For reasons that arc still
unclear, they will occasionally adhere directly to
the epithelial surface. Cross-section elcctron
micrographs show that the disk actually digs into
the epithelial microvillus layer, and scanning elec-
tron microgzraphs show circular footprints of
formerly adhereni trophozoites on the epithelial
surface (12, 17].

Morphologic evidence from both light [18-20]
and electron microscopic studies [12, 17, 2I]
argues for a direct interaction between Giardia
and the epithelial cell. The mechanism for this in-
teraction, however, is less clear than its pictorial
representation. Electron microscopic studies show
that the epithelial cells of rats contain deformed
and blunted microvilli in the cells under adherent
Giardia [17). These epithelial microvilli are nor-
mally rich in the digestive enzymes of the small in-
testine.

The invasive trophozoite, moving about in a
random fashion, has also been observed between
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epithelial cells [22]. What pathogenic role, if any,
these invaders play is unclear. In view of the
millions of intraluminal organisms, invasion must
be an infrequent event. Whether invasion reflects
the occasional, opportunistic transgression be-
tween loosely adherent, randomly senescent, and
dying epithelial cells, or is the result of penctrating
skills that permit assertive action on the part of the
parasite is unclear. Electron microscopic evidence
showing degencrating cells adjacent to invading
orzanisms suggests the former conclusion [23].
There is considerable physiologic evidence for
malfunction of the epithelium of the small intes-
tine in giardiasis. Temporarv disaccharidase de-
ficiency has been well documented [20]. Since di-
saccharidases are located primarily in the micro-
villi of the jejunal epithelial cell, such a deficiency
represents the fuactional counterpart to the
morphologic alterations described above. Other
alterations that have been described include fat
and B,, malabsorption [20, 24], which indicates
that dysfunction extends into the ileum. Clinical-
ly, the patient with giardiasis has a malabsorption-
type diarrhea consisting of frequent bulky stools
of relatively high fat content. Epithelial cell dys-
function is a sufficient explanation of all aspects
of malabsorption that are observed in giardiasis.

Possible Meckanisms for Epithelial Damage

There are numerous pussibilities whereby infec-
tion with Giardia may affect epithelial function.
Evidence is sparse in support of any of tliem to the
exclusion of the others.

Physical interference. Selected electron micro-
graphs and light photomicrographs raise the suspi-
cion that the absorptive surface area may be me-
chanically blocked by large numbers of attached
trophozoites. There is, however, nc quantitative
data supporting this theory. Moreover, the large
absorptive surface area of the small intestine
would seem to compensate readily for such a pos-
sibility, and the sporadic absence of detectable
cysts and trophozoites in clinically ill patients
makes this unlikely. Simply put, there are not
enough trophozoites to cover adequately the enor-
mous functional surface of the small intestine.

Soluble toxins. An appealing hypothesis,
discussed extensively by Meyer and Radulescu in
their exhaustive review [25], suggests the secretion
by the trophozoite of a soluble toxin that interacts
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with the epithelial cell. However, to date nonc has
been identified. Preliminary evidence suggested
that cultured trophozoites exert a toxic effect on
tissue culture fibroblasts in vitro. This area re-
mains a tempting one for investigation.

Damage by direct interactins:, Morphologic
evidence has demonstrated the: the microvilli
under attached trophozoites may be directly
alteed by contact with trophozoites [17, 18, 21].
The possibility of interaction between host and
overlying trophozoites is plausiblc only if recovery
of the epithelium is delayed, which would allow
extensive damage by relatively few trophozoites.
Deformation of microvilli under the sucking disk
seen in electron micrographs [17] and the above-
described interaction between trophozoites and
fibroblasts in tissue culture remain the strongest
evidence for this hypothesis.

Competition for nutrients.  The relatively low
numbers of giardia trophozoites (as opposed to
the enormous cpithelial surface) are the most
cogent argument against the hypothesis that
trophozoites usurp the host’s share of ingested
nutrients. While sharing intraluminal nutrients
surely must occur, its importance to host illness is
undefined. There is no obvious mechanism, how-
ever, whereby such passive competition would
result in morphologic changes in the epithelium,
While competition seems a likely occurrence, it is
probably of little pathogenic significance.

Induction of inflarnmatory response. An in-
flammatory response involving polymorphonu-
clear and mononuclear cells in the submucosa of
the epithelium occurs in giardiasis [18, 26]. Such
cells might conceivably secrete inflammatory
mediators such as kinins, which could alter
epithelial structure and function. The intensity of
the cellular response appears to be proportional to
the intensity of the infection and/or the extent of
observed epithelial cell change [26]. It is in all
respects similar to the inflammatory response seen
in other discases of the small intestine associated
with shortening of villi and clongation of crypts
(c.g., gluten enteropathy). Whether this inflam-
matory responsc is protective, pathogenic, or both
is not apparent from available observations.

Coinciden.al infection. 1In 1967 Yardley and
Bayiess [19] suggested a role for altered bacterial
flora in the pathogenesis of giardiasis. Tomkins et
al. [27] have presented evidence that infection of
the small bowel with bacteria normally not in-
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habiting that organ may contribute to the patho-
genesis of superimposed giardial infection. The ef-
fect of antibacterial drugs, such as metronidazole,
in the treatment of giardiasis may support this
argument as well. Others [28] have reported simul-
taneous giardiasis and overgrowth of the small
bowel with bacteria in persons with symptomatic
giardiasis, some of whom had an excessive
amount of deconjugated bile salts in the jejunum.
The latter observation suggests a possible
mechanism for steatorrhea in giardiasis, On the
other hand, coincidental experimental infection of
mice with another intestinal parasite, Trichinella
spiralis, in addition to Giardia, resulted in sup-
pression of the intensity of giardiasis [29]. Further
observations of concomitant bacterial infection of
the small bowel will be necessary to suppor: the
appealing hypothesis that bacterial overgrowth
participates in the pathogenesis of giardiasis.

Interaction of Giardia and the Host Immune System

The interaction between the parasite and immune
system may have two possible outcomes. The first
is a putative protective response, for which rea-
sonably strong evidence exists. The second is an
immunopathogenic response, for which the evi-
derice is more tentative,

Protective immunity. Several lines of clinical
cvidence suggest a protective immune response in
human giardiasis. In the mid-1950s, Rendtorff
and Holt [30, 31] prospectively infected prisoner
subjects with giardia cysts. While the number of
subjects was small, efforts to reinfect these per-
sons with a second challenge with Giardia resulted
in fewer infected subjects and suggested a protec-
tive cffect of the carlier primary infection. Also
compelling is the more-frequent development of
clinical infection in short-term visitors to endemic
arcas such as Aspen, Colorado [7, 32], than in
long-term residents of those areas [3]. However,
repeated giardial infection in the same host may
result from an incomplete protective immune
response. Other possible explanations for this
observation include variations in Giardia species
or the recurrence of occult or incompletely treated
infections.

Evidence that a humoral immune response is an
important part of the host protective response de-
rives from the frequent observation of giardiasis
in association with common variable immuno-
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globulin deficiency syndrome (33-36]. This associ-
ation has suggested that humoral immunodefi-
ciency may be a generalizable phenomenon that
has relevance to persons who do not have recog-
nized immunologic disease. Eighty percent of per-
sons with common variable immunodeficiency
and immunodeficient sprue, a Giardia-associated
illness, improve when treated with anti-Giardia
drugs [33]. Suffice it to say, however, that cvi-
dence for immunodeficiency in otherwise healthy
people has been unavailable. There has been no
identifiable circulatory immunodeficiency in per-
sons with giardiasis [37]. Moreover, efforts to
document secretory immunodeficiency in small
bowel secretions have not demonstrated renroduc-
ible  secretory immunoglobulin  deficiencies
[38-40]. Studies of possible =ellular immunodefi-
ciency have not been reported. While giardial in-
fection is a frequent occurrence in persons with
numoral immunodeficiencies, occult immunodefi-
ciency does not appear to be a prerequisite for giar-
dia infection in the otherwise healthy individual.
Laboratory evidence of a humoral immune re-

sponse was suggested by the preliminary studies of

Ridley and Ridley [41]. Vivesvara and colleagues
[42], employing axenically cultivated G. lamblia
trophozoites as indicator cells for an indirect im-
munofluorescent antibody test, have provided
even more substantive evidence of such a response
[42]. These observations iidicate that circulating
antibodies of an undefined class were present in
serum at titers of 1:16 or greater in 43 of 44 per-
sons with symptomatic giardiasis, whereas iiters
of 1:4 or less were detectable in uninfected control
subjects. These antibodies persisted for at least
two months and probably longer.

Studies in a murine model of giardiasis devel-
oped in our laboratory support the protective role
of immunity for this infection in the mouse

[43-45]. These studies einployed a rodent strain of

Giardia isolated from a golden hamster and
studied in CF-1 Swiss albino mice. Maximum
levels of trophozoites in the small bowel and cysts
in the stool occurred in seven to 14 days after oral
inoculation and disappeared after six to eight
weeks [43]. Moreover, efforts to reinfect such
animals resulted in little or no detectable infection
[46]. The clearance of infection and resistance to
subsequent reinfection was probably associated
with the thymus-dependent immune system; this
was demonstrated by studies in inbred, congenital-
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ly athymic animals (Nu/Nu) [47). Infection of
these T-cell-deficient animals resulted in prolonged
infection for up to 20 weeks. Efforts to orally
reinoculate these animals resulted in recurrence of
high levels of cyst excretion in stool, albeit for a
reduced period.

Studies of resistance to infection in suckling off-
spring of immune and nonimmune mothers have
suggested a roe for tue secretory humoral immune
system [48]. Newborn mice suckling on immune
mothers (either their own biological mothers or
foster wet-nurses) were resistant to oral infection
with giardia cysts, while those suckling on mothers
who had never been previously infected (that is,
nonimmune animals) were susceptible. This pro-
tection in the offspring was lost after weaning.
Studies using an indirect immunofluorescent test
and purified G. muris trophozoites suggest that
the mediator of this protection was associated with
both anti-Giardia 1gA and IgG [49]. A role for
secretory antibody in host immune protection is
consistent with the observation of persistent infec-
tion in T-cell-deficient animals, since secretory an-
tibody seems to be a thymus-dependent function.

Infection foflows the same uniform pattern:
peak excretion in one to two weeks with resolution
in six to cight weeks in all murine strains tested,
except for congenitally athymic mice and C3H
mice [50]. Studies of F, hybrids of nonresistant
C3H and resistant BALB/c¢ strains showed that the
hybrid offspring were indeed resistant to infec-
tion. This observation suggests that protection is a
dominantly inherited trait,

Role of immune reactivity in pathogenesis. Evi-
dence obtained from this murine model suggests
that an intact host immune response to Giardia,
particularly the cellular immune response, may be
necessary for clinical disease. Reconstitution of
lyniphocytes from the spleen of immunologically
intact mice injected into congenitally thymus-
deficient mice resulted in reduction of the
villus : crypt ratio in Giardia-infected mice [50].

Inuimune response to Giardia: summary and
conclusions.  From the above studies and addi-
tional observations, the following scenario de-
scribes a hypothetical model of the interaction be-
tween Gigrdia and the host immune systen,

Giardia trophozoites come into contact with the
immune system in at least two possible locations.
One potential site is the intraluminal space, where
giardial trophozoites have been found in contact



856

with lymphocytes by scanning electron micro-
scopic studies of the murine model [12]. A second,
more conventional possibility is that submucosal
macrophages engulf the occasional trophozoite
that migrates between senile epithelial cells.
Transmission electron microscopic studies of the
murine model have demonstrated fragments of
trophozoites in macrophages just below the epi-
thelial surface of the small bowel [23]. Once an-
tigen is initially processed by macrophages and/or
intraluminal lymphocytes, the protective immune
response (which is thymus-dependent) develops
and is partially mediated by secretory 1gA in the
small bowel lumen. Lymphocyte precursors for
IgA secretion, destined for other organs of the
secretory immunc system (such as the mammary
gland), move to these sites via the thoracic duct
and the circulatory system and may be trapped by
the appropriate orga. (e.g., the lactating mam-
mary gland) [51].

Whether or not interaction with cellular com-
ponents of the immune system also results in kill-
ing of the trophozoites is unclear. Secretory IgA
may prevent adherence and thereby interfere with
establishment of new infection [52]. Mechanisms
whereby secretory immunoglobulin interacts with
the trophozoite, to the latter’s detriiient, are
unclear and await further study. A second oral
challenge with Giardia, to which the host is primed,
results in a heightened response with rapid clear-
ance of intraluminal infection before clinical ill-
ness develops. The role for the immune system in
the pathogenesis of the infection is suggested by
the increased cellularity in the submucosa of the
small intestine of heavily infected human hosts
[18]) and by reconstitution studies in congenitally
athymic nude mice [50].

Conclusion

Giardia and the host interact both with epithelium
of the small intestine and, in a more complex
fashion, with the immune system. The immune
system may also interact pathogenically with the
epithelium as well as protectively with the para-
site. The end result is malabsorption of important
nutrients for the host, with consequences varying
from asymptomatic, self-limited infection to
severe epithelial dysfunction with accompanying
important nutritional conseguences.

The conclusions of this paper are supported in a
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most fragile fashion by the available data. There
remain emormous areas for further study of the
host-parasite interaction in giardiasis, but, on the
basis of currently available data, there is great
promise that knowledge of the basic biology of
this infection and its consequences for the host
will be forthcoming [53, 54].
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The debate about the pathogenicity of Giardia lamblia in man has ended, and the issues
regarding the prevalence of clinical and subclinical infections and their nutritional im-
pact have become the foremost considerations, Giardiasis can produce steatorrhea,
maldigestion, and malabsorption of carbohydrates and of vitamins A and B,,. The
mechanisms of the absorptive dysfunction are not clear, but ;aorphological abnor-
malities of the intestinal mucosa and/or bacterial overgrowth might play a role. Severe
clinical giardiasis can cause “lailure to thrive™ in voung children, but the impact, if any,
of subclinical giardiasis on growth in gencral poputations is not well defined. Protein-
energy malnutrition appears to predispose to giardial infection, perhaps beeause of the
accompanying hypochlorhydria, immunosuppression, and altered gastrointestinal
flora. The lack ot a sensitive and noninvasive diagnostic test for human giardial infec-

tion limits the investigation of the nutritional correlates of giardiasis.

A major obstacle 1o generalizations about the im-
pact of giardial infection on the human is the great-
ly variable expression of the discase. The major
recent clinical reviews of human giardiasis all em-
phasize a spectrum of presentations from asymp-
tomatic individuals with c¢yvsts or trophozoites
found incidentally on routine stocl examination to
patients with gastrointestinal symptoms and de-
bilitating malabsorption syndrome [1-9].

The Nutritional Impact of Giardiasis on the Host

Not surprisingly, the prevalence of nutritional dis-
turbances in patients with giardiasis varies greatly
with the selection of the series, that is, with only
asyraptomatic cases, only symptomatic cases, or
some mixture of the two. Morcover, quantification
of protozoal burden is without significant benefit.
A prospective study in which prisoners were inten-
tionally infected with varying doses of Giardia
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laimnblia cysts showed no correlation between the
dose administered, fecal excretion of organisms,
and symptomatic response. Most subjects, in fact,
remained asymptomatic, and their experimental
giardial infections spontancously cleared in one to
seven weeks [10, 11]. On the other hand, a sugges-
tive correlation between antibody titer to giardial
cyst antigen and absorptive dysfunction, diaghosed
on the basis of fecal excretion of organisms, was
observed in a spectrum of patients [12]. However,
in patients with marginal protein-energy nutriture,
nutritional insults to the intestine rather than the
Giardia per se could be responsible for malabsorp-
tion [13].

Morphologieal Changes in the Intestinal Mucosa

A murine model for giardiasis has been developed
with Giardia muris {14]. When inbred strains of
mice are infected with G. muris, a predictable de-
crease in the ratio of villus to erypt cells is seen.
and the degree of morphologic damage is propor-
tional to the size of the inoculum of protozoa
[15]. Experimental infections with G. muris also
result in consistent infiltration of the villous epi-
thelial layer with intraepithelial lvimphocytes [16].

The issue of morphologic change in human giar-
diasis, however, is not so straightforward. Radio-
graphic studies based on a limited number of cases
have reported the reversal of several patterns, in-
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cluding mucosal edema, a “sprue-like” pattern,

dilatation of the duodenum and jejunum, and other

“motor disorders,” following successful treatment
of the giardial infection [17, 18]. A picture of the
histologic alterations related to Giardia in the

human intestine emerged with the application of

increasingly sophisticated morphologic investiga-
tions of material from intestinal biopsies. Histo-

logic changes are found across the spectrum of

clinical presentations, from asymptomatic giardia-
sis, diagnosed on routne stool cramination (19,
20], to giardiasis accompanied by gastrointestinal
symptoms [21-23]. The frequency and degree of
mucosal injury varies from series to series. Tewari
and Tandon [24] found mild cellular changes
under light microscopy but no evidence of villous
atrophy [20-23, 25-29]. Various amoums ol in-

Tammatory mtiltration also accompany the vil-
i

lous shortening [19, 20, 23, 25]. Restoration of

normal villous architecture and reduction of infil-
tration and inflammaton have been observed after
cradication of the infection in most patients biop-
sied seriallv 121, 23, 27, 29]. That Giardia can have
a profound morphologic effect on intestinal mu-
cosa is indicated by several reports of total villous
atrophy accompanied by dense round-cell infil-
tration of the lamina propria in association with
giardiasis; the mucosal lesion was reversed after
cradication of the protozoal infection [30, 31].
Duncombe ¢t al. [22] found a rough correlation
between the degree of mucosal injury and the se-
verity of the diarrhea in 17 patients with giardia-
sis, 15 of whom had symptomatic illness.
Morphologic studies at the subceellular level have
also provided insight into the mechanisms of the
histologic damage that might be responsible for
mucosal dysfunction in giardiasis. Intracpithelial
lvmphocytes were observed in patients with mod-
crate and severe malabsorption and  giardiasis
[32] but not in patients with mild absorptive im-
pairment. Early investigators [25, 27, 33] were un-
able to demonstrate intracpithelial invasion by
Giardia. Invasion among epithelial cells by tro-
phozoites, however, has subsequently been dem-
onstrated by a number of investigators [20, 34, 35]
and scems to be an established finding, although
its role in the pathogenesis of mucosal injury is
poorly understood. Several studies of human in-
fection suggest that the Giardia attach by means
of a specialized apparatus to the microvillous bor-
ders of the epithelial cells [36, 37]. This process
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was proposed as the mechanism of brush-border
injury in giardiasis; however, current evidence
tends to discredit this hypothesis. An identical
form of attachment and brush-border destruction
has been claborately and clegantly demonstrated
in experimental infections of mice with G. muris
(38, 39]. Recently, high quality scanning clectron
micrographs of G. flamihlia on human mucosa,
published by Dr. Robert Owen [40], demonstrated
the same phenomenon (figure 1),

Thus, based on the histologic alterations ob-
served in human and animal giardiasis, a number
of pathogenetic mechanisms have been proposed
as explanations for intestinal dysfunction. These,
reviewed by Tandon et al. [41], include the presen-
tation of a mucosal barrier to the passage of nu-
trients, cellular injury and inflammation reactions
due to the presence of the Giardia, and mucosal
cell invasion by the trophozoites. A reasonable as-
sumption is that any or all of these mechanisms,
alone or in combination, may impair intestinal ab-
sorption in an individual with giardiasis. How-
ever, other mechanisms, not related to the absorp-
tive surface per se probably also contribute to the
abnormalitics in absorption and digestion in
giardiasis.

Alterations in Biliary and Pancreatic Function

It is not widely appreciated that G. lainblia, by
local extension from the duodenum, can also infee:
the biliary and pancreatic tracts. This complication
of the discase, althongh rare, must also be exan-
ined in terms of potential nutritional impiications.
Soto and Dreiling [42] and Goldstein et al. [43]
have recently brought this condition to attention
in case reports involving two patients with symp-
toms of cholecystitis/cholangitis. In both patients,
biliary drainage revealed no biliary calculi or
sludge, but rather abundant trophozoites in the as-
pirated bile. Eradication of the Giardia resulted in
prompt resolution of the biliary tract symptoms,
Goldstein et al. [43], from a review of the interna-
tional literature, identified at least eight additional
publications describing what they termed “hepato-
biliary giardia syndrome.” Pancreatic function
can also be impaired in biliary eiardiasis; a reduc-
tion in the production of pancreatic enzyme was
encountered in children with chronic cholecysto-
cholangitis indviced by Giardia [44].

Even in individuals whose giardiasis is limited to
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Scanning electron micrograph of Giardia
lamblia trophozoites in a crevice over a human jejunal
villus. From {40], reproduced with permission and kind-
ly supplied by Dr. Robert Owen,

Figure 1.

the intestine, the evaluation of pancreatic function
has led (o interesting observations. In 25 Indian
children with symptomatic giardiasis, a reduction
in output of pancreatic trypsin and lipase, but not
of amylase, was demonstrated [45]. The subjects
infected with Giardia were also less responsive to
stimulation with intravenous cholecystokinin, and
they exhibited a positive and significant correla-

tion between excretion of lipase and cfficiency of

fat absorption. In another report [46], tryptic
activity following stimulation of the pancreas with
a Lundh meal was reduced in patients with intes-
tinal giardiasis; trvptic activity improved in 90%
of the subjects after eradication of the parasites.

Bacterial and Fungal Overgrowth of the
Upper Small Intestine

An association between giardial infection and ab-
normal colonization of the upper intestinal tract
has been reported. Nair et al. [47] found that a
surprisingly high percentage of patierits with giar-
diasis (30%), as compared with controls (0%),

861

harbored Candida albicans in the jejunum. Tom-
kins et al. [48, 49], at the Hospital for Tropical
Discase in London, studied 46 adults with per-
sistent giardiasis acquired during overseas travel,
Fourteen of these individuals showed malabsorp-
lion in two or more tests, including fecal fat ex-
cretion, urinary p{-)xylose excretion, and the
Schilling test; they were classitied as having “sc-
vere” malabsorption. Fecal organisms (Enterobac-
teriaccac and Bacteroides) were cultured in concen-
trations of up to 10°/ml of intestinal fluid from
nine of these individuals, Treatment of the para-
sitic infection with metronidazole also climinated
the bacterial overgrowth in most patients. Patients
with mild malabsorption (only one abnormal test),
on the other hand, had relatively sterile aspirates.
Tandon et al. [41], studying 63 cases of giardiasis
in India, found 17 individuals with steatorrhea.
Bacterial overgrowth, with concentrations of
organisms >10°/ml was found in the jejunal as-
pirates of cight patients with steatorrhiea, but in
none of five patients without steatorrhea. Free bile
acids were encountered in all cases with bacterial
overgrowth, and, to a lesser degree, in most other
patients with giardiasis and steatorrhea, even those
without contamination of the jejunum. Peruvian
investigators [50, 51] claim to have eliminated the
malabsorption of paticnts with giardiasis simply
by administering oxytetracycline. The confluence
of these reports suggests that part of the patho-
genesis of impaired absorption in giardiasis might
be the associated colonization of the upper bowel
with fecal bacteria. The cause-and-effect relation-
ships in the complex, that is, whether Giardia pre-
dispose to bacterial overgrowth or vice versa, have
not been resolved yet,

Chronic Malabsorption Syndrome in Giardiasis

Although the debate about the pathogenicity of
G. lamblia in humans has raged for decades, the
association of Giardia with florid, chronic malab-
sorption syndrome has been amply demonstrated.
Veghelyi [52, 53] is generally credited with the first
recognition of this association. Both he and Cort-
ner, however, confused the association with celiac
sprue [53, 54). Chauduri (55}, in India, also re-
ported a case of severe malabsorption in associ-
ation with giardiasis. Subsequently, numerous
casc reports and reviews have confirmed the oc-
currence of all the classical manifestations of the
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malabsorption syndrome, including wasting, hy-
poalbuminemia, diarrhea, and steatorrhea, in pa-
tients with giardiasis [3, 17, 25, 27, 35, 55-59). In
a majority of the survivors, cradication of the in-
fection reversed the malabsorption and facilitated
nutritional recovery.

Specific Absorptive Defects and Nutrient Deficiencies
Accompanying Giardiasis

A host of observations in human patients with in-
testinal giardiasis have documented malabsorption
and/or deficiencies of several nutrients. These are
fat, carbohvdrates (p(-)xylose, starch, and lac-
tose), and vitamins (vitamin A, folic acid, and vita-
min B,,).

Fat. The most commonly reported absorptive
defect in giardiasis is steatorrhea. In 1959, Cortner
{54] reportzad impaired absorption of '*'I-labeled
triolein in a child with giardiasiz. Daily fecal fat
excretion in the range of 10-60 g is commonly re-
ported in patients with giardiasis [17, 27, 35, 60-
62}, but in one study of eight adults, only mild fat
malabsorption (<10g) was found [59]. Nonethe-
less, even in the latter study, improvement in the
efficiency of fat absorption occurred in some in-
dividuals after eradication of the giardial infec-
tion. Steatorrhea, however, does not occur in every
patient with giardiasis; the frequency of fat malab-
sorption has ranged from 12% to 64% in a number
of published series [19, 23, 24, 32, 36, 40, 63].

Carbolivdrates.  The urinary excretion of the
partially absorbable, nonmetabolizable pentose
sugar, b(-)xylose, during the five hours following
an oral dose has been used as an index of intestinal
capacity for monosaccharide transport. Barbieri
et al. [19] found the xylose absorption test to be
abnormal in only three of 11 ¢children with giardia-
sis. All normalized after treatment. Fourteen of 23
children infected with  Giardia had reversible
p(-)xylose malabsorption in another series [64].
The prevalence of abnormal absorption of xylose
in human giardiasis has generally been reported in
the range of 23% to 55% [18, 23, 24, 32, 63]. In
some serics, however, malabsorption of xylose has
been virtually nonexistent [40, 59, 65]. Unfortu-
nately, not all investigators in these studies em-
ployed the same criteria for abnormal p(-)xylose
excretion. Morcover, doubts have been raised
about the validity of xylose as an indicator of the
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behavior of nutritionally relevant hexose sugars,
such as glucose or galaciose. And finally, the as-
sociation of bacterial overgrowth with giardial in-
fection and the recent demonstration of p(-)xylose
ferrnentation in the upper gut in such cases [66]
suggest that sonie of the reduced excretion of xv-
lese may result from intraluminal metabolism by
bacteria rather than from failure of intestinal
uptake.

The digestion of disaccharides and more com-
plex carbohydrates can also be altered by giardial
infections. Flat curves of plasma glucose were seen
after administration of an oral lactose load to pa-
tients with giardiasis {67, 68]. Malabsorption of
sucrose was also demonstrated in patients with
giardiasis [68]. The malabsorption of disaccharides
was transient and responded to the eradication of
the infection. Reversible depression of disaccha-
ridases, lactase, sucrase, and maltase has been
found in patients biopsied serially before and after
treatment for giardiasis [21, 27, 61]. In mice
experimentally infected  with G, muris, in-
traluminal and mucosal-adherent amylase activity
was reduced [69].

Vitamins.  The increase in the level of vitamin
A in the plasma after an oral dose of an oil-based
[54, 70] or water-miscible [71] form of vitamin A
was less in patients with giardiasis. Normal curves
were restored after eradication of the infections.
Circulating levels of tocopherol in six patients with
giardiasis were equal to those in uninfected con-
trols [72]. Antia et al. [63] found a reduction m the
post-absorptive rise of serum folate in six of cight
patients with giardial infection. Low circulating
levels of folate were encountered in 36% of 28 pa-
tients with giardiasis studied by Hartong et al.
[23].

Absorption of vitamin B, has been the most ¢x-
tensively studied aspect of vitamin metabolism in
giardiasis. A number of investigators [17, 23, 24,
29, 30, 39, 49, 61, 63, 67, 73] have reported a sub-
stantial incidence of abnormal results of the Schill-
ing test among patients with giardial infections.
Since Giardia sclectively colonize the duodenum
and upper jejunum, a mechanism for the ileal mal-
absorption of vitamin B3, is not readily apparent,
and the possibility that associated bacterial over-
growth plays a role in the abnormal results of the
Schilling test should not be discarded. The potential
nutritional consequences of giardiasis with respect
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to vitamin B,; should not be discounted either, for
two reports of megaloblastic anemia associated
with the giardiasis of immunodeficiency syndrome
have been published [74, 75].

Fecal Loss of Endogenous Nutrients in Giardiasis

Intestinal infections can compromise the nutri-
tional status of the host by provoking transintes-
tinal loss of endogenous nutrients. In the case of
ulcer-forming or blood-feeding parasites, iron loss
is prominent. Giardia rarely cause detectable loss
of iron. Intestinal protein exudation in giardiasis
has nat been studied but is not likely to be sub-
stantial. The turnover of cells, i.c., the cellular
nutrient content, is greatly accelerated in the
murine model infected with G. meris. Ferguson et
al. [76] have shown a production rate ol cells that
is two-fold greater, without any clongation of the
villi, in chronically infected mice. Acute infection
significantly increased the production rates of
crypt cells and cell renewal [76]. The extoliation of
mucosal tissue, then, appears to be accelerated by
giardial infections. Overall, however, fecal loss of
endogenous nutrients does not appear to be a ma-
jor probleni,

Competition for Host Nutrients by Giardia

No evidence of competition by Giardia with the
host for nutrients has been documented. The clas-
sic example of host-parasite competition for nu-
trients is the competition for vitamin B, by the
fish tapeworm (Diphvllobothrivim larum). The
total biomass of the parasite load and the host’s
daily requirement for a given nutrient are, theo-
retically, major determinants of whether or not
any nutritional impact on the host occurs. Vitamin
B,. is especially vulnerable because the daily al-
lowance is in the range of 3 ug per day [77]. The
next most vulnerable nutrients are trace minerals
such as nickel, molybdenum, chromium, and se-
lenium, with requisite intakes on the order of 75-
200 pg daily. The absolute biomass of Giardia in a
heavily infested person is not precisely known, but
it is unlikely to exceed a gram of organisms. Thus,
once a nutrient is consumed regularly in amounts
in the milligram range, the Giardia are unlikely to
require more than a minute fraction of the dietary
intake.
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Catabolic Loss and Metabolic Redistribution of
Nutrients in Giardiasis

Infection with Giurdia, limited exclusively to the
intestine, is not associated with systemic manifes-
tations. However, extraintestinal extension of the
infection, specifically biliary tract invasion by
Giardia [42, 43], can present with the classic in-
flammatory features of acute or subacute chole-
cystitis or cholangitis. The associated febrile re-
sponse activates a series of catabolic responses,
including impaired fat utilization, mobilization of
amino acids, and increased urinary loss of nitrogen
and zine [78, 79]. Stimulation of leukocyte endog-
enous mediator obligates the redistribution of zinc
and iron from the circulation to the liver [80]. The
reordering of priorities for protein anabolism in
the body consequent to the diversion of amino
acids into acute phase protein synthesis and leuko-
cyte proliferation may also have nutritional impli-
‘ations for the patient with hepatobiliary giardia
syndrome,

The Effect of Giardiasis on
Growth and Development

Experimental infections in mice with 100, 1,000,
and 10,000 G. muris cysts led to significant, dose-
dependent reduction in weight gain after 28 days
of infection; infected animals gained 1.4-3.2 g less
than control animals [15]. Because several types of
parasitic infection are often found together in a
given individual, however, the contribution of
giardiasis per se to growth impairment in man has
not been well detined.

Kay et al. [21] in Melbourne, Australia, reviewed
a hospital population of 1,147 children who had
undergone diagnostic duodenal aspiration and
small bowel biopsy in the course of a three-year
period. Giardiasis had been diagnosed in 154, The
great majority of the Giardia were encountered in
children aged one to four, and the most common
presenting symptom-complex was diarrhea and
“failure to thrive.” Careful posteradication fol-
low-up observations lasting from two weeks to 10
months and involving 24 children revealed that
during the interval of rehabilitation 19 subjects ex-
ceeded the expected, ideal, age-adjusted weight
gain, This “catch-up” growth, which ranged from
100 g to 3.2 kg, has been interpreted as eviden e
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that the symptomatic giardiasis had a major
negative impact on protein-cnergy nutriture.
In a recently concluded study in a highland vil-

lage in Guatemala, workers from the Program of

Nutrition and Infection of the Institute of Nutri-
tion of Central America and Panama (INCAP)
sought to quantity the possible nutritional benefits
1o a community from parasite control programs
[81]. In this village, the colonization of the intes-
tines of young children with Giardia through carly
life had been documented in a prospective fashion.
Mata et al. [82] followed the prevalence and inci-
dence of infection with G. lambliz in a cohort of
children through the first three years of life (figure
2). Over 22% ot tne children had giardiasis at 36
months of age. In this recent study {81] 159 chil-
dren two to five years of age were randomly assigned
to one of four bimonthly treatments (placebo, piper-
azine alone, metronidazole alone, and metroni-
dazole plus piperazine); growth and parasite loads
were followed at intervals for a vear. Piperazine
ireatment produced neirther a consistent reduction
in the burden of Ascaris nor a significant growth
effect; metronidazole therapy did reduce the prev-
alence of Giurdia in the stools. Morcover, in the
two groups that received metronidazole, an aver-
age gain of 300 g in weight and 1 ¢m in height in
excess of the mean for the two groups that did not
receive this chemoprophylaxis was recorded dur-
ing the year. The difference was statistically signif-
icant only for the inerement in height. The biologi-
cal significance of such minimal differences in
growth parameters is not immediately evident.

In addition, the predictive inaccuracy of stool
examination for the diagnosis of giardiasis may
have some bearing on the interpretation of these
findings. Several recent studies demonstrated that
only 50% of giardial infections confirmed by duo-
denal intubation procedures could be diagnosed
simultancously by fecal examinations [21, 71, 83].
In severcly malnourished, hospitalized children in
Costa Rica, only seven of 38 children in whom
Giardia were found had positive stools. The re-
maining 22 children were diagnosed only by the
passage of a Beal capsule on a string into the small
intestine [84]. Thus, the prevalence of giardiasis in
this population was probably underrated, and the
efficacy of chemoprophylaxis in the study by Gup-
ta was probably overrated [81].

The trophic effect of metronidazole therapy,
apart from its antiprotozoal activity, cannot be ex-
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Figure 2. Incidence and prevalence of Giardia lamblia
infection, determined by weekly examinations, in a co-
hort of children studied from birth to three years of age
in Santa Maria Cauqué, Guatemala. From [82], repro-
duced with the permission of the American Medical
Association.

cluded as the cause of the differential growth.
However, the definition of the role of giardiasis in
the aggravation of protein-energy malnutrition in
a general population merits further investigation
of the type initiated at INCAP in Guatemala.

The Effeet of the Nutritional Status of
the Host on Giardiasis

The variable expression of giardiasis suggests that
biological factors might condition the degree and
persistence ol infection. Impaired nutriture can
exert both detrimental and protective effects on
the host’s susceptibility to infection, and, there-
fore, the nutritional status of the host might con-
stitute one of the biological determinants of the
susceptibility to giardiasis in man. Unfortunately,
little epidemiologic data is available to help explain
the pattern of expression of giardiasis within pop-
ulations at nutritional rish. Oyerinda et al. [85] in
Lagos, Nigeria, described a peak prevalence of ex-
cretion of giardial organisms in stools between the
ages of one and five; 13.8% of boys and 14.4% of
girls excrete Giardia in stools. It is intriguing to
speculate that the age of highest susceptibility to
giardiasis in the Lagos population corresponds to
the age of greatest nutritienal vulnerability; unfor-
tunately, however, simultancous data on the nutri-
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tional status of the various age strata in the popu-
lation studied by Oyerinda et al. [85] are not
presented.

Synergism

Given the lack of clear epidemiologic associations,
we must rely on inferential data and inductive
reasoning in determining the influences that the
nutritional status of the human host might exer-
cise on the expression of giardial infection. An
asseciaticn between giardial infections and immu-
nodeficiency syndromes has been extensively doc-
umented. Immunodeficiency syndromes in humans,
primarily those resultinig in severe deficiency in the
humoral immune system and consequent hypo-
gammaglobulinemia, are associated with intestinai
lesions; the histologic picture involves both “nodu-
lar hyperplasia” and “sprue-like” (total villous
atrophy) lesions, and the alterations can oceur

simultancously [67, 86]. The intestinal aspects of

this condition have received a host of names, but
Ament and Rubin [67] suggest the term “gastroin-
testinal immunodeficiency syndromes.” An im-
portant feature ol these syndromes, relevant to the
present discussion, is the high incidence of coexist-

ent giardial infection. Among a large number of

patients with immunodeficiency syndromes, 80%
of those with intestinal manifestations had con-
current giardiasis [86]. Extraordinarily high inci-
dences of giardial infections have been reported in
many clinical serics of immunodeficiency syn-
dromes [86-95]. Whether reduced intestinal levels
of immunoglobulins predispose to giardiasis in in-
dividuals without frank immunodeficiency syn-
drome¢ is a matter of controversy. Zinneman and
Kaplan [96] found reduced levels of TgA in the in-
testinal secretions of unselected patients with giar-
diasis. Jones and Brown [97] have criticized the
methodology used in the former study, and, in a
subscquent investigation, were unable to confirm
the carlier findings. The immunc defects promi-
nent in the aforementioned observations are pre-
dominantly humoral, specifically involving defi-
ciencies of immunoglobulin antibodics in the igG
and, especially, the TgA class. That cell-mediated
immunity is also involved in antigiardial defenses,
however, is suggested by studies in an animal
model. Athymic nude (ne/nu) mice have been
found to have more prolonged and more lethal in-
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fections with G. muris than do immunologically
intact mice [98].

Human protein-energy malnutrition is asso-
ciated with a selective array of defects in host im-
mune defenses [99]. It primarily involves the
contribution of cell-mediated immunity [100-
102], but, occasionally, deficient levels of IgG and
lgA are seen in malnourished children [100, 103],
and specific 1gA production in response to viral
vaccines is attenuated in patients with protein-
cnergy malnutrition [104]. Conceivably, the im-
mune deficiency state induced by such malnutri-
tion provid:z~ an intraintestinal milicu conducive
to giardial infection in a manner analagous to that
of acquired “gastrointestinal immunodeficiency
syndromec.” The result is a high incidence of giar-
diasis in conjunction with protein-energy mal-
nutrition,

Decreased secretion of gastric acid and higher
intragastric pH are also prominent features of
protein-energy malnutrition {105, 106]. Achlorhy-
dria and hypochlorhydria have been associated
with increased risk of giurdial infection. Over 54%
of patients with symptomatic giardiasis have re-
duced gastric acid secretion [107]). That this re-
duced secretion is a factor predisposing to rather
than resulting from giardiasis is suggested by ob-
servations of florid giardial infections following
gastric surgery [108, 109] and by the fact that
achlorhydric ir.Jividuals have a higher incidence
of giardiasis [108, 110].

Direct observations of this phenomenon in se-
verely malnourished children have been provided
by Lopez et al. [84]. The prevalence of Giardia
rose from 23% in children with a gastric pH of 3
to 60% in children with a gastric pH >6. The hy-
pochlorhydria of malnutrition, therefore, repre-
sents another potential pathophysiologic predis-
position to giardiasis.

Protein-energy malnutrition is also associated
with bacterial contamination of the normally
sterile upper small intestine [111, 112]. In the
study by Mata ct al. [111], ninc of 13 subjects also
had giardiasis. [t was not clear whether over-
growth favors the pathogenicity of Giardia or
whether some unidentified common factor predis-
poses to combined bacterial, fungal, and protozoal
infection in the upper gut, If we accept the luxury
of certain assumptions about causality, three fac-
tors common to human protein-energy malnutri-
tion—immune deficiency, decreased gastric acid
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secretion, and bacterial or fungal overgrowth of
the intestine --could all promote a more favorable
environment for Giardia to infect the human host.

Antagonism

Our limited knowledge of the nutritional re-
quirements of G. lanblia in vivo limits speculation
as to what nutritional deficiency or deficiencics in
the human host might be antagonistic to the estab-
lishment of giardiasis. Apparently, however, unlike
other protozoal endoparasites, Giardia are not
predominantly intracellular pathogens. Thus, the
conventional basis for nutritional protection by
malnutrition is not present. As with synergistic in-
teractions, however, more penetrating epidemio-
logic data on the prevalence of giardiasis in popi-
lations with defined nutritional states are essential
to the refinement of our concepts and hypotheses
regarding possible antagonistic interrelationships
of giardiasis and nutrition in man.

Conclusions and Recommendations

Giardiasis is a common protozoal infection, ecs-
pecially in young children. Impairment of nutri-
ture can occur in that minority of giardial infec-
tions in which frank maiabsorption syndrome or
specific malabsorption of one or more nutrients
develops. However, with the variability of expres-
sion of this discase, the vast majority of individuals
with giardiasis have subclinical infections. The
public health aspects of the nutritional implica-

tions of giardiasis at the population level are of

greater importance. Here, however, our informa-
tion is most limited. Precise data upon which to
basc any determination of additional nutritional
requirements for individuals with subclinical giar-
diasis are unavailable. The present review indi-
cates that giardiasis might contribute to impaired
protein-cnergy nutriture, as suggested by the
Guatemalan study {82]. But the magnitude of the
contribution is not major. It is likely, moreover,
that the presence of giardiasis in some individunals
increases their requirements for total cnergy, vita-
min A, folic acid, and vitamin B,,. The ability to
utilize fat as a form of dictary energy might be
compremised in these same individuals: therefore,
complex carbohydrates as ihe source of additional
energy appear to be the prudent recommendation.
Information on a number of micronutrients in
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subjects with clinical or subclinical giardiasis is
totally lacking. The lack of a sensitive and non-
invasive diagnostic test for accurate assessment of
the prevalence of giardiasis in a population of
children living in the community limits our ability
to perform nutritional and epidemiologic studies
to further refine our information.

That the nutriture of an individual retards or
promotes the development of infection with
G. lamblia is not supported by systematic epidemi-
ologic data. Both the ancedotal information avail-
able and our own inferences suggest that 2 syn-
cergistic relationship between  malnutrition and
giardiasis is more likely than an antagonistic onc,
Prospective studics on malunourished subpopula-
tions of children during rehabilitation  from
protein-energy malnutrition should be undertaken
to provide greater insight into the influence of
host nutritional status on susceptibility to giardia-
sis. The resolution of the issue involving synergism
and antagonism is of more than academic interest:
it has implications for the determination of
cost/benefit analysis and public health strategy to
reduce the prevalence and adverse effects of giar-
diasis in communitics. On the one hand, if chil-
dren with giardiasis can benefit from additional
nutrients fed 10 compeasate for the Giardia-
related increase in requirements, and if, at the
same time, their improved nutritional state acts 1o
enhance their resistance to giardial infection, then
food supplementation alone represents a compre-
hensive approach to the control of Giardia. On the
other hand, if the evidence for cither of these
mechanisms is uncertain, a definite role for more
expensive,  chemoprophylactic and/or  environ-
menial sanitation measures is suggested. In sum-
mary, selective investigation into the nutritional
impact of giardiasis aimed at the formulation of
the most logical and cost-cffective public health
strategy is still essential to the resolution of the
dilemma.,
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Discussion: Amebiasis, Giardiasis, and Malnutrition

Amebiasis, especially with amebic abscess of the
liver, is a serious clinizal problem in Mexico and
some other developing countries. However, in
most tropical countries, the clinical discase is not
as common, even though the overall prevalence of
Entaioeha histolvtica may be as high as that
reported for Mexico. Such observations suggest
the cexistence of strains with special virulence
and/or with a particular epidemiologic behavior,
since crowding, trequent contamination of food
with enteric pathogens, and malnutrition appear
common to all populations in which intestinal
amebiasis is highly prevalent.

Immunization with antigens of L. histolyvtica, as
well as infection with this parasite, may induce
suppression of T-cell-mediated immune responses.
The clinical significance of this phienomenon is un-
clear, but the observation complicates interpreta-
tion of the depressed immune function so com-
monly observed among malnourished infants who
persistently harbor [, fistolvrica and other para-
sites. What portion of immunologic abnormalitics
can be credited to malnutrition and what is the
contribution of parasitic infection? Most impor-
tantly, what is the consequence for the host and
how can the defects be reversed? Unfortunately,
previous studies have not taken into consideration
the presence of concurrent giardiasis, shigellosis,
or other enteric infections prevalent in the same
geographic arca.

Recent data concerning iron nutriture and infec-
tion may be very relevant in amebiasis. Free iron is
required in the lumen ol the gastrointestinal tract
for proliferation ol . histolvtica. However, iron
is not readily available when infants are breast
fed. Consistent with this is the fact that babies
who are exclusively breast fed are remarkably re-
sistant to colonization and invasion by ameba,
other parasites, and bacterial pathogens. Food
supplementation programs generally provide iron;
however, it is often supplied in forms that have
low bioavailability for the host but are readily ac-
cessible to the pathogen for its multiplication in
the gastrointestinal tract.

Throughout the world, 15%-30% of children in
developing countries are infected with Giardia
lamblia by the age of two years. This may be re-
lated to the observation that G. lamblia is
transmitted by water and also by person-to-person
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contact. The latter would be an important mechan-
ism of dissemination of infection in crowded
households where domestic sanitation is poor and
there is little opportunity for personal hygienc.
The inoculum may be a factor of major impor-
tance in determining severity of the discase in
villages. However, the wide spectrum of clinical
manifestations of giardiasis and the inadequacy of
diagnostic tools make it difficult to clearly estab-
lish such relationships in the ficld. Furthermore,
symptoms of chronic giardiasis, such as diarrhea
and malabsorption, cannot be separated from
those attributed to bacierial overgrowth of the
small intestine.

Chronic giardiasis interferes with absorption of
fats, carbohydrates, and vitamins; however, there
is no evidence of loss of endogernus protein,
Although Giardia muris has also been shown to
impair growth of experimental animals, studices in
humans showing an apparent increase in height
after prophylactic long-term therapy with metro-
nidazole should be interpreted with caution since
this drug is effective against anaerobic bacteria
that may be involved in the overgrowth of bacteria
in the bowel. It is extremely difficull to assess
therapeutic interventions, especiaily under Tield
conditions where so many variables interact to de-
termine growth and development of children.

Acute malnutrition may affect the outcome of
giardiasis by impairing host defenses, lowering
gastric acid secretion, altering intestinal motility,
or impairing synthesis of sccretory IgA. These
methods are suggested by studies in experimental
animals and clinical observations on the behavior
of G. lamblia in patients with various immuno-
deficiency syndromes, in whom massive infection
may occur.

The significance of isolated G. lamiblia or E. his-
tolytica infections in the malnourished host re-
mains uncertain. Prospective field studies combined
with detailed clinical investigation of preschool
children are essential to an understanding of this
problem. Because these infections are generally
not isolated, other etiologies must be investigated
to ensure appropriate patient sclection for study
so that data can be interpreted and valid conclu-
sions drawn,

LEONARDO MATA
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Sociocultural Factors in the Control and Prevention of Parasitic Diseases
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Control and prevention of parasitic disease depends on an adequate knowledge of inter-
actions among factors such as human behavior, the environment, and the life cycles of
parasites. Sociocultural factors in large part determine transmission and versistence of
parasites. The main determinants are poverty, low educational level, deficiencies in
home technologies, high demographic density, and ruralism. Sclected interventions
designed to improve any of these situations may fail it they are applied in an isolated
manner. The holistic implementation of interventions has proved successful in the con-
trol and prevention of parasitic infections in several parts of the world. The implemen-
tation of several kinds of interventions simultaneously, that is, a holistic approach,
combined with an awareness of a society's infrastructure, can produce favorable results.
For such an awareness —when it provokes action —can improve the overall quality of

life.

The complexity of controlling and preventing
parasitic disease stems from the fact that humans
and parasites have evolved through millions of
years in constant interaction with cach other and
with the environment, The result is an cnormous
variety of life cycles and ecological situations,
ranging from the simple to the highly complex or
even bizarre. Control is then difficult because one
must take into consideration not only the nature
and natural history of the parasites, but also the
biological characteristics and behavior of the
humans involved and the environmental circum-
stances under which they dwell.

As was classically illustrated by Stoll [},
humans live in a wormy world (especially in the
tronics and subtropics), whether in relatively un-
developed or in industrialized countrics. The list
of worms that arc pathogenic for humans is still
long (table 1) and will get longer as uncxpected
parasites cross species barriers. Furthermore, new
parasitic cntities arc always being discovered; the
relatively recent  additions include  Capilfiaria
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philippinensés [2], which causes an enteropathy
characterized by protein loss and malabsorption,
and  Angiostrongylus costaricensis [3], which
causes eosinophilic granulomas in children.

Regardless of the diversity in natural history of
humans and parasites, infection is generally ac-
quired by (1) ingestion of food, water, or soil that
has been contaminated with feces or urine carry-
ing cges or cysts of parasites; {2) acquisition of
cysts or egps from another person (person-to-
person transmission); or (3) exposure to vectors
carrying infective stages or to larvac of the para-
sites (c.g., cercariae) released into the environ-
ment. This situation explains the multiplicity of
infection often seen in poor, underdeveloped re-
gions of the world. For instance, data on rates of
infection with intestinal parasites among children
of a typical Mayan Indian village of Guatemala
(table 2) indicate a very high prevalence and the
coexistence of multiple infections [4]. Because the
village is in the highlands (clevation, ~6,000 fcct),
and migration to coastal areas is negligible,
neither hookworm nor vector-borne parasitic in-
fections are prevalent. This pattern contrasts with
the situation of poor villages in lowland tropical
regions, where transmission of arthropod-borne
infections is intense, as illustrated by data from
Chad (table 3) [5}. The latter situation is more
critical because, in addition to the vector-borne in-
fections, villagers in Chad and in similar ccosys-
tems also bear the burden of many intestinal
parasites.
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Table 1.

Worms important in human infections.

Trichinella spiralis
Heterophyes heterophyes
Metagonimus yokogawai
Gastrodiscoides hominis
Fasciolopsis buski
Echinostoma revolutum
Fasciola hepatica, F. gigantica
Clonorchis sinensis
Opistorchis felineus,
O. viverrini
Dicrocoelum dendriticum
Paragonimus westermani,
P. africanus, P. skrjabini,
P. heterotremus, P. meyi-
canus, P, uterobilateralis
Schistosoma mansoni, S,
Japonicum, S. haematoh-
iwm, S. intercalatum, S.
mattheei, S. bovis, S. spin-
dale, S. rodhaini
Tacenia saginata, T, solium
Lchinococcus granulosus, L.
mudtilocularis, E. oligar-
thrus, E. vogelsi

Ascaris lumbricoides
Toxocara canis
Lagochilascaris minor
Anisakis species
Phocanema specics
Contracaecum species
Enterobius vermicularis
Strongyloides stercoralis
Micronema deletrix
Trichostrongylus orientalis,

T. axei, T. colubriformnis,

T. vitrinus
Oesophagostonmum species
Ancylostoma duodenale,

A. caninum, A. braziliensis
Necator americanus
Angiostrongylus cantonensis,

A. costaricensis
Wuchereria bancrofti,

W. malayi
Brugia malayi
Loa loa
Onchocerca volvulus
Dipetalonem perstans,

D. streptocerca Multiceps mudticeps, M. seri-
Mansonella ozzardi alis, M. brauni
Dirofilaria inmitis, D. tenuis  Hymenolepsis nana, M.
Dracunculus medinensis diminuta
Gnathostoma spinigerum Dipyliditn caninum
Trichuris trichiura Diphyvllobothrivum latum
Capillaria philippinensis, Spirometra mansonoides

C. hepatica

Priorities for Control and Prevention

Each parasite has its particular habitat and, in
general, a complex life cycle intimately inter-
twined with and determined by the biological
characteristics and behavior of humans. Even as a
desk exercise, the designing o! intervention pro-
grams for control and prevention of parasitic in-
fections is possible only when much is known
about host and parasite. It appears convenient to
select those parasites that are most damaging to
humans in terms of morbidity, nutrition, mortali-
ty, and economic losses. At a global level, the list
of impottant parasites includes about 20 species
for which priority can be established (table 4). The
problem should be examined in each nation by
means of well-established criteria. The parasites
listed are important, but skepticism about their
overall public-health significance may arise (c.g.,
Chagas’ discase in certain regions of the
American continent). Also, the significance of
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Table 2. Prevalence of intestinal parasites among three-
year-old child:en in a village of Guatemala.

Cumulative
prevalence (%)

No. of species
per person®

Rate of
infection (%)

0 24

1 30.9 97.6
2 23.8 66.5
3 19.0 42.7
4 9.5 237
5 7.1 14.2

26 7.1 7.1

NOTE. Data are from [4].

* Values given include all intestinal parasites, four of the
most common being Asceris lumbricoides (11.8%), Giardia
lamblia (19.1%), Entamocha histolytica (10.4%), and Tri-
churis trichiura (3.0%).

such highly prevalent parasites as Ascaris humbrico-
ides and Entamoeba histolylica must be judged as a
function of geographic location, cpidemiologic
determinants, and nutritionsl status. For instance,
E, histolytica is prevalent and causes serious
diseasc in Mexico [6], but not in Central America,
On the other hand, Ascaris scems important
wherever malnutrition exists since it contributes to
wastage [7].

Walsh and Warren (8] established priorities for
the control of various global parasitic infections
(table 5). Limitations on control are due in great
part to sociocultural restraints in the populations
involved. Effective control measurcs apparently
cxist only for malaria and hookworm, but even
with these infections there are problems in certain
ecosystems resulting from a particular type of
human behavior. Furthermore, human interven-
tion with insecticides and antiparasitic drugs has
induced the emergence of and resistance to chemical
agents among vectors and parasites.

The priorities in table 5 cannot be generalized (o
all nations alike. There are well-known arcas
where control of schistosomiasis and Chagas’ dis-
case is a high priority. In other regions, hook-
worm and cutancous leishmaniasis are progres-
sively disappearing because of socioeconome and
cultural changes. Furthermore, some parasitic dis-
cases have been conirolled to a significant extent
in advanced societies (industrial nations)—and,
more recently, in countries in transition—as a
result of an improvement in the quality of life. For
instance, in Costa Rica, the incidence of cutane-
ous lcishmaniasis appears to be decreasing [9],
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Table 3. Prevalence of systemiv parasites in a village of
Chad.

No. of species Rate of
per person* infection (%)

Cumulative
prevalence (%)

0 2.6

1 17.6 914
2 47.1 79.8
3 21.0 27
4 10.1 1.7
5 0.8 1.6
6 0.8 0.8
7 0 0

NOTE. Data are adapted from [5].

* Values given include all intestinal parasites, with individual
rates and sites of infection as follows: Onchocerca volvulus
(skin), 91.6%; Plasmodium falciparum and  Plasmodium
malariae (blood), 43.7%; Schistosoma  mansoni (stool),
36.1%;  Dipetalonema  perstans  (blood), 28.6%: Loa loa
(blood), 9.2%; Schistosoma haematobium {urine), 7.6%: and
Wuchereria bancrofti (blood), §.0%.

that of intestinal parasitism and diarrhea has been
significantly reduced [10, 11], malaria is largely
under control, and Bancrofs filariasis remains
circumscribed 1o its original niche in Puerto
Limon on the Adantic coast [12, 13].

Once priorities are established, the life cycles
and transmission mechanisms of the prevalent
parasites should be examined to see how human
sociocultural characteristics favor infection. Table
6 lists the means of (ransmission of the main
parasitic infections. Transmission to humans may
be from an invertebrate (mosquito, reduviid,

Table 5.

Priority, discase Prevalence
High
Malaria High
Hookworm High
Medium
Schistosomiasis High
Onchocerciasis Medium
Low
African trypanosomiasis Low
Filariasis High
Visceral leishmaniasis Low
Giardiasis High
Ascariasis High
Amebiasis High
Chagas' discase Low
Cutancous leishmaniasis Low
NOTE. Data are adapted from [8].
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Table 4. Parasites of high prevalence in humans at a
global ievel,

Plasmodium falciparum, P. vivax

Trypanosoma gambiense, T. rhodesiense
Tryvpanosoma cruzi

Leishmania donovani, L. tropica, L. brasiliensis, L. mexicana
LEntamoeba histolytica

Giardia lamblia

Schistosoma japonicum, S, haematobium, S. mansoni
Dracunculdus medinensis

Onchocerca volvulus

Wuchereria bancrofii

Ascaris lumbricoides

Trichuris trichiura

Ancylostoma duodenale, Necator cmericanus
Strongyvloides stercoralis

snail) or a vertebrate animal host or from another
human. The parasite undergoes important changes
in the vector that lead to development of the infec-
tive form. This model demands complex logistics
for control: the habitat and behavior of cach vee-
tor must be known and taken into account as a
function of the complex way of life of humans in
the various ecosystems. Furthermore, in the con-
trol of parasites that have other vertebrate hosts
(and may, in fact, represent zoonoses), the com-
plex relationships of these hosts with humans and
the environment must be considered.,

The other type of transmission is simpler be-
causc it involves the passage of the parasite from
person to person. Although it may require matu-
ration of infective forms in the outside environ-

Priorities for intervention to control parasitic discases in developing countries, 1980,

Criterion
Morbidity Mortality Control
High High Effective
High Low Effective
Low Low Difficult
High Low Difficult
High High Difficult
Low Low Difficult
Low Low Difficult
Low Very low Difficult
Low Very low Difficult
Very low Very low Difficult
Very low Very low Difficult
Very low Very low Difficult
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Table 6. Transmission of major parasites to humans.

Route of transmission,

Mata

vector (if any)

Mechanism

Vertebrate-invertebrite-vertebrate (humans)

Infective form

Mosquito Inoculation Sporozoites
Mosquito tnoculation Promastigotes
Black fly Penetration Third-stage larvae
Mosquito Penetration Third-stage larvae
Tse tse 11y Inoculation Metacycelic trypomastigotes
Reduviid Penetration Metacyelic trypomastigotes
Crustacean Ingestion Larvae
Snail Penetration Cercariae
Human-human Pencetration Third-stage larvae
Ingestion Embryonated cggs
Ingestion Cysts
Vertebrate-human Ingestion Cysticerci
Ingestion Embryonated cggs

Parasite

Plasmodium

Leishmania®

Onchocerca

Wuchereria

Trypanosomu (African)
Trypanosoma (Awmerican)®
Dracunculus*
Schistosoma*

Hookworm
Ascaris, Trichuris
Giardia, Entainogeha

Tuenia saginata, T, solivm
T. solium

NOTE.  There are other forms of transmission, for instance, man-invertebrate-vertebrate-man, such as in Diphylobothrium

latum.
* There could be more than one vertebrate host.

ment, direct person-to-person transmission appears
to be important, for instance, with some intestinal
protozoa. While parasites with invertebrate hosts
may be more difficult to control, the behavior of
humans i underdeveloped tropical and subtrop-
ical regions favors persistence and interferes with
control and prevention of discase caused by para-
sites that arce transmitted from person to person.

Sociocultural Factors and
Acquisition of Infection

The fact that incidence of several parasitic infec-
tions is decreasing in certain arcas that have im-
proved their social and cconomic situations is a
good indication of the relevance of human living
standards as a determinant of infection. This rela-
tion is well illustrated for malaria, hookworm,
and other declining parasitic discases in Costa
Rica, Cuba, and Trinidad-Tobago; a dramatic ex-
ample involves the control of schistosomiasis in
China [14]). Table 7 describes factors favoring
establishment of infection with parasites of global
significance. Determinants such as poverty, lack
of education, and crowding are central to the
issue. Religious practices are another variable,
For hookworm infection, ascariasis, amebiasis,
and other intestinal parasitic discases, the deter-
mining behavioral factor is defecation on the
ground ncar streams und water reservoirs, which

favors contamination of the environment. Indis-
criminate squatting results in pollution of home
premises, foods, drinking water, and agricultural
fields. Infection is usually acquired by ingestion of
water and food directly or indirectly contaminated
with feces. Transmission from person to person as
a result of poor personal hygiene, crowding, and
sleeping of several persons in one bed is also im-
portant in certain parasitic infections. Behavioral
research is needed in order to understand and
modify patterns of life that maintain transmission
[15].

For schistosomiasis, defecation and urination
on the ground near streams and water reservoirs
favor contamination of the snail's habitat. In-
fected snails eventually discharge cercariac into
the water, and these larvae infect humans. Ablu-
tion favors spread, particularly in the low socio-
ceconomic classes, who must defecate near water
sources because of sociocultural traits and prevail-
ing conditions. Squatting at dawn and night also
favors exposure to mosquito-borne and hook-
worm infection,

With guinea worm infection, a serious disabling
disease, the larvae cmerge from human tissues
through broken skin blisters and fall into the
water, where they establish themselves inside small
crustaccans. Infection is spread to humans who
drink water harboring infected Cyclops [16].
Evidently, control demands community knowl-
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Table 7. Sociocultural determinants of parasitic infection.

Infection

Hookworm

Giardiasis, amebiasis,
ascariasis, trichuriasis

Schistosomiasis

Guineca worm

Malaria, filariasis

Chagas® discasc

Sleeping sickness

Onchocerciasis, leishmaniasis

Squatting, ablution; agricultural practices; lack of shoes

Squatting, ablution; ingestion of contaminated food, water, and soil;
living in crowded quarters

Squatting, ablution; agricultural practices; bathing in contaminated water

Contact with or drinking of contaminated water

Poor housing; outdoor activities after dark

Poor housing; animal reservoirs in or around homes

Working in endemic savanna

Dwelling and working ncar ecologic niches
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Factors*

* The main determinants of parasitic infection that are reflected by these relatively specific factors are poverty, low educational
level, deficient home technology, high population density, ruralism, and dispersion.

edge of how disease is acquired; in the absence of
this information, preventive measures cannot be
taken.

Significant control of malaria has been attained
in the past with little regard tor sociocultural fac-
tors; rather, reliance has been placed mainly on
the use of insecticides, treatment, and chemopro-
phylaxis. However, the development of insecticide
resistance in vectors, ol drug resistance in Plasno-
dium, and of an increase in extradomiciliary
habits of humans has made control more difficult
and has set back eradication of malaria in many
arcas of the world. These complicating factors de-
mand both aggressive rescarch into new ap-
proaches to control and greater understanding of
the discase among the affected populations [17].

With regard to Chagas’ discase, poor housing
and crowding are crucial factors because they
favor contact between reservoir hosts (domestic
animals), humans, and the reduviids harboring
Trypanosoma cruzi [18]. Similarly, maintenance
of Bancrol's filiariasis depends on the availability
of individuals with microfilaremia to domiciliary
arthropod vectors. Poor housing, unprotected
sleeping, and outdoor aclivities after dark are im-
portant clements in transmission,

The relation of humans to cattle in the pasture
lands and to water sources determines exposure to
tsetse flies. Rates of infection with African
trypanosomes vary as a function of distance to
these endemic foci [19].

Onchocerciasis is transmitted by black flics
dwelling in well-defined ccological niches. Ac-
quisition depends on  exposure to  bites of
Simulium in endemic arcas and is favored by
agricultural practices and ruralism [5].

In cutancous leishmaniasis, infection is main-

tained in mammals inhabiting the forest [20].
Humans acquire the discase when they clear the
forest land or hunt or when they settle in endemic
arcas [21). Special behaviors, such as hunting at
night, account for the acquisition of infection only
by adult males in certain circurnstances [22]. In
other instances, dwelling near the habitat of the
animal reservoirs (e.g., the hyrax of Ethiopia) is
the determining factor for infection of humans
[23].

Recent observations by our group revealed that
the epidemiology of cutaneous leishmaniasis among
Amerinds of Costa Rica, varied according to the
degree of clearing of and contact with the virgin
forest. The appearance of lesions was more in-
tense and precocious in one locality of the Guaymi
(Limoncito), where peopic live in close contact
with relatively virgin forest, than in another
(Abrojos), where part of the forest had been
cleared. When skin tests (reaction) were per-
formed, 33% of children five to nine years old in
Abrojos and 86% in Limoncito reacted to Leish-
mania (author’s unpublished observations).

Main Determinants of Parasitic Infection

The main determinants  of transmission of
parasitic infection are prevailing poverty, deficient
cducation, deficient home technology, high demo-
graphic density, and ruralism. These determinants
account for the choice of havitats, ways of life,
and other important elements that are required for
maintenance of infection in humans,

Poverty and low educational level. Poverty
and a low cducational level coexist with and
strongly determine poor housing, deficient per-
sonal hygiene, and equivocal attitudes toward
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health and discase. Poverty characterizes families
with low income or no income at all, deficient
maternal (familial) technology, dependence on
subsistence agriculiure, and lack of sociopolitical
development.

Poverty, crowding, and inadequate technology
interfere with procurement of the needed amounts
of food and exacerbate parasitic infection. The
sittation may be complicated by scasonality;
negative conditions arce accentuated during certain
seasons of the year in many parts of the world,
with an increased risk of infection and malnutri-
tion [24, 25]. Such considerations alone make it
difficult to design and effect successful methods
for control and prevention. In the correction of
these deficiencices, the holistic (integral) approach
is certainly the most promising [4].

Maternal (familial) rechnology.  Our observa-
tions in a highland Mayan Indian village revealed
that certain child-rearing practices and attitudes of
mothers (and other members of the family) may
be more important in the transmission of discase
and the development of malnutrition than socio-
cconomic class or degree of schooling. Behavior
of mothers is often relaied to training during their
own childhood and adolescence. The wealth of
maternal information has becen called maternal
technology [26]. Elements in this technology in-
clude (7) the handling and storage of water; (2) the
preparation, handling, and storage of food; (3)
the care of children during illness; (4) alimentation
during convalescence; (5) attitudes toward pri-
mary health care; (6) disposal of excreta and waste;
(7) personal hygiene; (8) patterns of cating and
sleeping; (9) proclivity to improve housing and
environmental sanitation; and (/0) pattern of
socializing. A particular mother may store drink-
ing waler in a separate carthen jar with a narrow
mouth; this simple measure may prevent contam-
ination of the water with pathogenic organisms.
Such behavior is not necessarily based upon a con-
cept of causality of disease. Most mothers in the
village we studied store water in o large jar, and
such all-purpose water becomes contaminated, If
a mother habitually boils water, her family may be
protected from such contamination.

Inadequate hygiene results in food contamina-
tion in the home [27]. [n contrast, adequately pre-
pared (well-cooked and well-ground) mixes,
purees, and mashes of locally available foods are
excellent for children during weaning and for all
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family members during convalescence from ill-
ness. Some mothers limit the intake of food by
children during illness and convalescence, while
others imaintain breast-feeding at these times, thus
diminishing deterioration of the child’s nutritional
status. A deficiency in maternal technology in-
creases the risk of exposure to viruses, bacteria,
and parasites and also enhances the negative ef-
fects of infection while decreasing the host’s
capacity to cope with infection.

An important element of maternal technology is
a positive attitude toward primary health-care ser-
vices. which often conflicts with traditional medi-
cine and the local customs and beliefs. Some
mothers readily accept the value of primary health
care, particularly vaccination, deworming, oral
rehydration, and fumily planning; others fail to do
sc. Wray and Aguirre [28] advanced the concept
of “maternal incompetence:” the failure —uninten-
tional or intentional—to seck medical attention
for a child who is suffering from a condition such
as acute diarrheal discase, dehydration, or serious
infection. Other elements of maternal technology
concern habits of cating, sleeping, defecation,
ablution, and socializing, all of which are highly
relevant to discase transmission [29]. Maternal in-
competence and inadequte maternal technology,
along with other behavioral factors and social
stresses, favor disease transmission and decrease
the quality of life.

High population density and ruralism.  These
two main determinants of infection may have a
positive or negative cffect, depending on the
degree of socioeconomic development. For iu-
stance, a high population density in less developed
societies favors the spread of parasitic infection,
since traditional behavior leads to environmental
contamination and to the perpetuation of vector-
borne parasites and of carriers and reservoirs of
disecase. A few individuals harboring parasites
casily seed the environment and expose a large
number of people to infection in crowded, under-
developed conditions. This situation accounts in
part for the extremely high prevalence of parasitic
infections throughout the less developed tropical
countrics (tables 2 and 3). However, if the level of
cducation rises and personal and environmental
hygicne improves, infections can remain circum-
scribed to a few families within a given communi-
ty, even if crowding prevails.

Ruralism and population dispersion mean that
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isolated familics in forest, jungle, or desert have
poor access (or no access) to health services,
cducational facilitics, and markets [24]. In
socioculturally undeveloped conditions, tradi-
tions, beliefs, and taboos persist, as do con-
tamination ot the environment and exposure to
ccologic niches of parasites. Infections, malnutri-
tion, and other health problems are prevalent and
exert their maximal effect under such conditions.
However, if significant sociocultural develapment
is attained —as scems to be the case in Trinidad-
Tobago, Taiwan, Puerto Rico, and Costa Rica—
ruralism and dispersion ot the rural population
may become an asset. Iirst, communication be-
tween families may take considerable time, and
this delay curtails the spread of disease. Second, if
the family enjoys a high level of maternal
(famulial) technology, entrenchment of certain
parasites, such as hookworm, becomes difficult.
In fact, intestinal parasitisnt in rural Costa Rica
now appears to exist only in families with the
lowest level  of  sociocultural — development
(author’s unpublished observations).,  Further-
morc, our observations on the Amerindian
Guaymi, who live in marked isolation and disper-
sion, reveal a lower incidence of intestinal infee-
tion than in crowded urban ncighborhoods that
ar¢ more advanced cconomically. 1n addition, nu-
tritional wasting and severe forms of malnutrition
have not been detected among Guaymi children
{30, 31].

The Holistic Approach

A historical appraisal of the results of intervention
programs designed to reduce the incidence of in-
fection and malnutrition shows that programs in-
volving food supplementation, installation of
latrines, supervision of water supplies, and prena-
tal care have had very limited impact or have failed
to improve the conditions they were supposed to
modify [32]. More often than not, the overall cost
of the programs precludes implementation among
populations who live in areas that are difficult to
reach. Cost-benefit analysis indicates that primary
health care is probably the most feasible type of
intervention for rural developing regions [8].

On the other hand, history teaches a relevant
lesson: the incidence of leading infectious diseases
declined significantly in Europe and North
America before the causes and specific preventive
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measures were discovered [33]. Furthermore,
there is evidence that the orthodox approach to
diagnosis and treatment of disease often does not
work when underdevelopment prevails and when
intervention programs are implemented cross-cul-
turally [4, 34]. Observation clearly indicates that
control of scriously debilitating diseases is at-
tained through an improvement of sanitation,
housing, and education — that is, the quality of life
[35, 36]. Thus, social determinants of disease are
the most important factors to identify when plan-
ning intervention programs.

The holistic approach (implementation of
several types of intervention simultaneously) ap-
pears to be the most recasonable means of improv-
ing the quality of life. Unfortunately, the cost and
effort of such an approach may be staggering in
many developing nations. Thus, the holistic ap-
proach demands political decisions. These deci-
sions nay be catalyzed by the sustained efforts of
an outspoken scientific community. However,
pressure from the affected population and the
eventual politicization of health may be the most
important forces in the mobilization of public
health programs. The scientific community must
offer various alternative solutions to the problems
that are identified.

The holistic approach requires an infrastructure
for primary health care. The emphasis should be
on maternal and child health, with these interre-
lated goals: (/) promotion of optimal nutrition
through breast-feeding for several months and
adequate food supplementation during the first
two to three years of life; (2) control of diarrheal
discase by oral rehydration and proper alimenta-
tion during illness and convalescence; (3) preven-
tion of diarrheal discase and parasitic infection by
improvement of personal and home hygiene; (4)
immunization against the common communicable
diseases of childhood; (5) community organiza-
tion for improvement of the environment (water
supply, latrines, waste disposai) and surveillance
of health; (6) chemotherapy and chemoprophylaxis
where malaria and other drug-susceptible parasitic
diseases are prevalent; and (7) family planning.

Rescarch on the environmental, sociocultural,
and behavioral factors relevant to parasitic infec-
tion is needed. A research model different from
the purely biomedical one is in order [37]; em-
phasis should be placed on health services and the
transfer of technologies to the organized commun-
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ity. The collaboration of rescarchers in biomedi-
cine, social sciences, and planning presumably will
yield better results than have been obtained so far.
A next step is the definition of priorities for inter-
vention in cach nation and in the various ccosys-
tems within each country. Finally, research should
focus on ethnie, cultural, and behavioral factors
thai determine infection, malnutrition, and under-
development in the community. The assessment of
prioritics for research must be an ongoing exer-
cise, while attempts at contiol and prevention
through the application of existing knowledge
should continue. Also, efforts should take into ac-
count cost-benelit analyses for improvement of
health-care delivery services,

An understanding of the complexity of the
determinants of parasitic infection should stimu-
late governments to undertake the application of
the holistic approach. The importance of con-
sidering several interrelated measures instead of
isolated steps has been pointed out in many in-
vestaations and is clear from day-to-day experi-
ence. The decision to tackle the holistic approach
should be backed by political commitment, a situ-
ation that is incompatible with government policy
(or lack of policy) in many less-developed coun-
tries. No efforts to implement the holistic ap-
proach should be neglected by politicans and
scientists since the alternatives will lead only to
more discase, malnutrition, and suffering, as was
predicted and observed in Central America [4].
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Polyparasitisin appears (¢ be the rule, rather than the exception, both in populations
and in individuals in the developing countries of the world. Thus, nolyparasitisi repre-
sents coendemicity in the epidemiologic sense and simultancous infections in individual
patients in the clinical sense. The effects of polyparasitism are often clinically inappar-
ent. Insome situations, however, combined infections may exacerbate clinical manifes-
tations, Coexistent infections may also, under some circumstances, suppress discase
symptoms. The possibility of either synergistic or antagonistiz effects must therefore be
considered in planning public-health intervemion programs, and the priorities or strate-
gies sefected may need to be altered accordingly. There are few available data at present
that are suitable for evaluation of the real consequiences of polyparasitism, in part
because of the many confounding variables involved and the lack of prospective studies.
Therelore, tuture intervention prograins should be accompanied by an epidemiologic
research compenent desigied o deteet clinical or laboratory changes in parasitic and

other infections or in host responses.

An axiom ol modern medicine in the industrial-
ized nations is that patients, especially the young,
have one discase or infection at a time. The major
common cxeeption to the coneept of single agent
infection is the polymicrobial, mixed anacrobic-
acrobic bacterial process resulting fiom lesions on
mucosal surfaces bearing the normal bacterial
flora, c.g., intraabdominal sepsis following per-
foration of the bowel. In contrast, the appropriate
axiom for the developing nations of the world is
that multiple, simultancous inicctions are the rule,
rather than the rare exception. Recently, Buck et
al. [1-4] analyzed the epidemiologic and clinical
implications of the coexistence of multiple parasitic
diseases in a population or individual patient.
Polyparasitism represenis coendemicity in the epi-
demiologic sense; in the clinical sense, it signifies
simultancous infections in single patients (includ-
ing infections with more than one species of the
same organism, as in multiple malarias or
filarias).

Effects of Polyparasitism
While the majority of the populations of develop-

ing nations may have multiple parasitic intections,
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with an especially high prevalence in rural areas,
the actual extent of polyparasitism 1s unknown,
Therefore, its pathologic consequences are unas-
sessed. This Tack of information is particularly
marked  for infections that do not present
dramatic or pathognomonic signs or that are c¢lini-
cally inapparent, such as 1 number of intestinal
helminthic infections.

The data collected by Buck et al. in Chad, Peru,
and Afghanistan suggest that the distribution of
multiple infections in a population and the iden-
tity of the organisms involved are not parts of a
random process, but are variabics governed by un-
known selective host factors and ecologic consid-
crations, including the binlogical interactions of
the organisms within the host [2]. These interac-
tions may result in a worsening of clinical manifes-
tations, as in the increased hepatosplenomegaly in
combined malaria~-Schistosoma m i infection
[4]). The prognostic significance o! ' situation is
unknown,

It has also been suggested that the interaction
between parasites may be antagonistic and thus
may actually protect the multiply infected host.
This is the thesis of a recent paper by Murray et al.
[15] in which the authors propose that “suppres-
sion of one infection by another . . . may represent
an ccological balance for optimum co-survival of
the host and the two pathogenic organisms.” In
this study 112 children (aged 2-14 years) living in
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two neighboring villages on the island of Anjouan
in the Comoro archipelago were divided into four
groups on the basis of Ascaris lumbricoides egg
counts in stool and type of therapy. Groups I and
I1 had a heavy infection (>50,000 cggs/g of feces),
and groups 111 and 1V had a light infection (<5,000
cggs/g of feces). Groups 1 and 111 were treated
with piperazine, while groups 11 and 1V reccived
placebo. All subjects were serially examined for 20
days after treatment (table 1), and the effective-
ness of piperazine was documented by weighing of
the total quantity of worms expelled.

Blood smears of all subjects were negative for
Plasmodium at the outset, although malaria was
prevalent on the island. A 51% attack rate of ma-
laria was documented in group I within two wecks
after piperazine treatment, whereas there were no
ceses in the placebo-treated group 1l subjects. Only
three cpisodes of malaria occurred in the 40 sub-
jects who had light ascaris infection (groups 111
and 1V). The extraordinarily high malarial attack
rate in group | is unlikely to have been due to new-
ly acquired infection because such a short period
was involved. Rather, it is most consistent with an
exacerbation of preexisting malaria related in
some way to the piperazine therapy and/or the ex-
pulsion of many ascarids. Murray et al. suggest
that heavy loads of Ascaris suppress malarial
parasitemia and disease manifestations. The low
incidence of malaria in the lightly infected groups
further suggests that Ascaris does not directly im-
pede the growth of Plasmodinm, for otherwise
these patients would have had more frequent at-
tacks of malaria. The reason for the dramatic in-
crease in the incidence of clinical malaria in group
I is thus obscure. Murray et al. suggest that the ef-
fect may be indirect; c.g., A. lumbricoides may
deprive Plasmodium of an essential growth
nutrient that is made available by the expulsion of
the roundworm. This hypothesis is unproved.
Furthermore, because the comparability of the
four groups with respect to nutritional status, im-
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mune function, and incidence of subclinical
malarial infection at the outset is difficult to
assess, it is impossible to draw firm conclusions
from the data presented. Nevertheless, the obser-
vations are provocative and, if correct and if
related to the presence and treatment of infections
with Ascaris, would raise additional concerns
about implementation of vertical control pro-
grams, such as periodic deworming, in areas
where malaria is endemic.

Effects on Growth

It has been difficult to prove that intestinal hel-
minths affect human nutrition, because definitive
symptoms or signs are difficult to detect. Some
published data have been interpreted to indicate a
cumulative effect of multiple parasiiic infections
on the growth of children. In a representative
study, in rural Egypt, Abd-el-Aal et al. [6] studied
440 schoolchildren between the ages of 6 and 12
years. About half were found to be infected with
one or more helminths, including S. mansoni, or
Schistosoma haematobium (92%), A. lumbricoides
(41%, Ancylostoma duodenale (31%), and other
worms. Of the 218 children with diagnosed infec-
tion, only 8% were infected with a single type of
worm; nearly 46% had double infections, 40% triple
infections, and 6% quadruple infections. Table 2
shows the weight, height, and hemoglobin value
of the 9- to 10-year-old cohort in relation to the
number of diagnosed infections. The data indicate
a correlation between the number of agents found
per patient and the mean growth deficit recorded.
They do not, however, reveal whether polypara-
sitism is a cause or an effect of growth retardation
or anemia.

Longitudinal studies dealing with this point are
unavailable, although the studies of Mata [7] on
the acquisition of infections and the growth of rural
Guatemalan children followed prospectively from
birth through five years of age indicate the pres-

Table 1. Impact of anthelminthic therapy for Ascaris lumbricoides infection on the incidence of malarial attacks.
Group (n) Level of ascaris infection Therapy Mecan weight of worms expelled (g)  Malarial attack rate (%)
I (37) Heavy Piperazine 274 S1.3

I1 (35) Heavy Placebo 9 0

11 (23) Light Piperazine 20 4.3

vV n Light Placebo 0 11.8

NOTE. Data are adapted from [5].
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Table 2. Anthropometry and hemoglobin values in polyparasitized Egyptian children 9-10 years of age.

No. of parasitic infections

diagnosed (number of children) Weight (kg)

0(12) 29.2

1(5) 28.2

2(27) 26.8

327 25.7

4(1) 24.0
NOTE. Data are adapted from [6].

ence of an impressive and heavy pathogenic burden
beginning almost immediately after birth. This in-
fection is largely asymptomatic at first; growth
then falters at around four to six monihs of age.
Thereafter, growth decrements are associated in
general with symptomatic infections and are largely
due to anorexia and decreased food intake [8].

Systemic Effeets

Blom et al. [9] have recently reported on the rela-
tion between  multiple infections  (involving
A. duodenale, A. lumbricoides, and Trichuris tri-
chiura) and the level of acute-phase protein reac-
tants in serum. Increases in a-1-acid glycoprotein,
a-1-antitrypsin, and ceruloplasmin were found in
multiply infected individuals; these increases sug-
gested an associated inflammatory reaction in the
polyparasitized host. The functional significance
and metabolic cost of these changes in serum pro-
teins in the multiply infected host are unknown,

Future Studies

Polyparasitism is common in developing countries.
The consequences of this reality must be considered
in the future in an ecologic sense, for the possible
synergistic or antagenistic interactions of various
parasites may affect decisions about public-health
intervention programs. Detection of these interac-
tions at the clinical or subclinical level is a major
task because of the large number of confounding
variables to be assessed. There is a great need for
prospective studies to address these issues. Rele-
vant data may emerge from future vertical-inter-
vention programs, such as mass treatment of hel-
minthic infections, but this vill happen only if
such programs are accompanied by an cpidemio-
logic research component designed to detect clini-
cal and laboratory changes in other parasitic

Measurcment (mean value)

Height (c¢m) Hemoglobin (% standard)

133.3 74.0
132.4 59.3
129.0 517
125.3 53.2

126.0 45.0

agents or in host responses. As these relations may
be important conditioning cvents in the host with
regard to susceptibility or resistance to superim-
posed bacterial, viral, or other infections, this in-
terest is not simply academic. Rather, it is a neces-
sary prerequisite to ensure that, in our attempts to
improve health, we do no harm.

References

L. Buck, A, A., Anderson, R. 1., MacRae, A, A, Epidemiology
of polyparasitism. 1. Oceurrence, trequency and distribu-
tion of multiple infections in rural communities in Chad,
Peru, Afghanistan, and Zaire. Tropenmed. Parasitol.
29:61-70, 1978,

2. Buck. A, A, Andderson, R. 1., MacRae, A, A, Epidemiology
of polyparasitism. 1. Types of combinations, relative
frequency  and  associations  of  multiple infections.
Tropenmed. Parasitol. 29:137-144, 1978,

3. Buck, A, A, Anderson, R. 1., MacRae, A. A, Epidemiology
of polyparasitism. 111, Effects on the diagnostic capacity
of immunological tests. Tropenmed. Parasitol. 29:145-
155, 1978.

4. Buck. A, A, Anderson, R. 1., MacRae, A, A, Epidemiology
of polyparasitism. 1V, Combined effects on the state of
health, Tropenmed. Parasitol, 29:253-268, 1978.

S. Murray, 1., Murray, A., Murray, M., Murray, C. The bio-
logical suppression of malaria: an ecological and nuiri-
tional interrelationship of a host and two parasites, Am.
J. Clin. Nutr. 31:1363-1366, 1978,

6. Abd-cl-Aal, A, W. AL, Kamel, H., Diwany, K., Zikr-Alla,
N. Assay of effect of single and multiple parasitic infesta-
tion on somatic growth and dlood hemoglobin. J. Egypt.
Med. Assoc. 53:368-374, 1970,

7. Mata, L. I The children of Santa Maria Cauqué: a
prospective field study of health and growth. The ML T,
Press, Cambridge, Mass., 1978, 395 p.

8. Mata, L. 1., Kromal, R. A., Urrutia, I. 1., Garcia, B, Ef-
feet of infection on food intake and the nutritional state:
perspective as viewed from the village, Am. 1. Clin. Nutr.
30:1215-1227, 1977.

9. Blom, M., Prag, 1. B., Ngrredam, K. a-1-acid glycopro-
tein, a-f-antitrypsin, and ceruloplasmin in human intes-
tinal helminthiasis. Am. J. Trop. Med. Hyp. 28:76-83,
1979.



REVIEWS OF INFECTIOUS DISEASES « VOI. 4, NO. 4 « JULY-AUGUST 1982
© 1982 by The University of Chicago. All rights reserved. 0162 -0886/82/0404-0026502.00

Interactions of Parasitic Diseases and Nuirition:

Some Policy Implications

James M. Pines
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The scientist’s concern for precision in the use of information contrasts sharply with the
policymaker’s need to make decisions based on limited knowledge. Researchers should
assist in the adaptation and presentation of their findings to meet policy requirements.
Understanding of the policy process should reduce frustration about how information is
used. Examples from the interaction of parasitic diseases and nutrition illustrate the
limited but critical role of rescarch findings in the determination of policies and related

recommendations for action.

An exploration of the policy implications of the
relationships between parasitic discases and nutri-
tion, including those for both choosing appropriate
action and directing applicd research, indicates a
need for a shift in approach by rescarch scientists.
Policymakers operate with incomplete informa-
tion and imperfect knowledge. They may assess
the “weight of the evidence,” but frequently they
act on the basis of conclusions that fall far short
of the validity expected of good science. Many sci-
entists resist the generalirations aceepted by advo-
cates of alternative policies or by those who decide
among them. The policymaker secks “what we
know,” interpreted broadly, while the researcher
too often emphasizes “what we don’t yet know.”

The way policymakers use scientific knowledge
requires that scientists wishing to influence policy
present and disseminate their conclusions in lan-
guage and form that is understandable to policy-
makers. Short, clear presentations in lay language,
with fewer qualifications than are customary in
scientific publications, influence action far more
than do the undiluted contents of scientific jour-
nals. The research scientist may choose not to pre-

pare such presentations or may be incapable of

doing so, but sympathetic collaboration with
those who do is essential if rescarch is to affect
policy decisions.

The use of rescarch information to influence
policy also requires an awareness of policy con-
straints. Remedies that appear obvious to the re-
scarcher may be irrclevant to decision-makers for
political reasons, for lack of technical or adminis-
trative feasibility, because of resource limitations

Please address requests for reprints to Mr, James M. Pines,
New TransCentury Foundation, 1789 Columbia Road NW,
Washington, D.C. 20009.
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or cultural barriers, or because of other consider-
ations. Medically oriented rescarchers, accustomed
to a treatment approach, often have difficulty
adapting to considerations of cost vs. benefits that
are cssential in the selection of public health inter-
ventions. When interventions of little scientific
validity, with poor benefit to cost ratios, win sup-
port for what scem to be irrelevant reasons, the
scientists’ frustration with policymakers increascs
further,

Scientists also must recognize that continued
recommendations for further study often delay ac-
tions that could reasonably be taken with present
knowledge. Because the determinants of parasitic
infection are so varied and often deeply embedded
in cultural patterns, policy recommendations too
casily become prescriptions for doing everything.
Useful recommendations should provide a basis
for the identification and selection of specific
policies and priority actions.

The political and economic constraints affecting
public health decisions make the identification of
appropriate actions involving the interrelation-
ships of parasitic diseases and nutrition an uncer-
tain amalgam. Possible choices are influenced by
political decisions regarding preferred goals, by
incomplete information about costs and probable
results of alternative actions, and by inevitable
political pressures. Scientific information forms a
part, often quitc a small part, of a process very
different from the more orderly paradigms that
govern science.

Some modest conclusions emerge from review
of the interactions between parasitic diseases and
nutrition, But the failure oi rescarchers, in collab-
oration with policy analysts, to identify those con-
clusions of sufficient validity and importance to
affect decisions makes initial generalizations



884

broad and tentative. Such generalizations provide
only a framework for future rescarch and a struc-
ture for the array of research findings in ways that
are most useful as a guide to policy decisions.

It is clear, for example, that among mildly in-
fected populations, modest cultural modifications
and some strengthening of host resistance through
increased nutrient intake, accompanied by early
treatment and replenishment of nutrient losses,
often make typical parasite loads compatible with
adequate nutritional status. The relatively minor
influence of certain parasites on nutrition, when
infestation is low, has important consequences for
the allocation of resources among vector control,
curative services, and the strengthening of host
resistance.

While the relationships between parasitic dis-
cases and nutrition may support a policy of toler-
ance to parasite loads in some contexts, they also
aid in the identification of environments where the
success of nutritional interventions depends on ac-
tion to control parasites. A high incidence of se-
vere malarial disease, for example, forces attention
10 the parasite and its consequences, for nutrition-
al as well as other health reasons. The impact of
parasitic diseases on nutritiona! status often rein-
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forces policy recommendations for antiparasitic
interventions.

The current emphasis on integrated primary
health care requires identification of the most effi-
cient methods of detection, treatment, and nutri-
ent replenishment for different parasite preva-
lences. Tradeoffs between clinical control and
preventive action are derived from applied research
on costs and benefits which, in turn, is based on
knowledge of the behavior and impact of each
parasite species.

The epidemiologic pattern and biological prop-
crties of the causative agents in schistosomiasis,
for exampie, favor increased emphasis on treat-
ment. The epidemiologic characteristics of hook-
worm produce a pattern of infection that is age-
specific and, therefore, of minor consequence for
the improvement of infant malnutrition, though
often critical for improved nutrition in older
groups. The presentation of research data and
conclusions in ways that facilitate these and other
policy conclusions magnify their use and impact.
Increased collaboration between scientists and
policy analysts can improve the linking of research
findings and policy concerns, without infringing
on research autonomy,
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In many parts of the world, transmission of malaria due to Plasmodium folciparum can
no longer be controlled by insecticides. Furthermore, this species has developed an
amazing capacity for resistance to polyvalent drugs. The advent of new drugs and the
possibility of developing a vaccine offer some hope for control of falciparunm malaria.
The fact that the spread of many parasitic diseases is promoted by contaminated water
supplies resulting from inadequate waste disposal raises important questions about the
relevance of current rescarch. The control of some endemic infections, like Chagas’ dis-
case, would be better served by delivery of available technology than by improved
science education, Discovery of means to promote self-help programs in rural commu-
nities will be an important aspect of research in discase control in the future.

Many methods for treatment and control of para-
sitic discase have been developed by members of a
captive scientific community working for com-
mercial organizations. Oune such member is Nobel
prize winner P. H. Miiller, who is noted for synthe-
sizing chlorophenothane (DDT) and discovering
its insecticidal propertics. Implementation of new,
adequately tested control measures is a task that
should be undertaken by ministries of health, not
by university professors. Underlying the academic’s
difficult position is his obligation to provide suffi-
cient evidence, based on scientific investigation, to
influence political decisions that pharmaccutical
companies and governments make.

This overview will focus on control and treat-
ment of parasitic disease in endemic arcas, In non-
endemic areas it is usually simply a question of
treatment of the individual patient. Physicians in
nonendemic areas who are interested in parasitic
discasc always have difficulty finding patients and
often do their research in animal models. No ac-
count will be taken of the uneven global distribu-
tion of drugs, although there are many examples
of drug scarcity in both temperate and tropical
countrics. Events such as the thalidomide disaster
had both negative and positive results in this
respect.,

Malaria is given special prominence in this paper
since it is, and indeed alway.; has been, the princi-
pal urgent problem in parasitic disease research.

Please address requests for reprints to Dr. Philip Davis
Marsden, Nucleo de Medicina Tropical ¢ Nutrigio, Faculdade
de Citnecins da Satde, Universidade de  Brasilia,  8C,000
Brasilia, Districto Federal, Bravsil,

Many journals in tropical medicine started as
journals of malariology. In retrospect, it is a great
pity that more support was not given to research
on malaria in the 1970s, but it is casy to be wise
with hindsight.

Malaria

The spectacular initial success of many spraying
programs that used the residual insecticide DDT
has been partly reversed [1] as a result of (/) a
growing number of vectors genetically resistant to
commonly used insecticides (e.g., Anopheles albi-
manus in Central America); (2) exophilic and exo-
pnagic bebavioral changes in vectors (e.g.,
Anopheles hyracus in Afghanistan); (3) a lapse of
vigilance in control measures (e.g., in parts of In-
dia); and (4) geographic inaccessibility of trans-
mission sites (e.g., Amazon jungle).

Onc factor hindering the development of the
countries of equatorial Africa is that this zone re-
mains the most persistently intense focus of malar-
ia transmission in the world. This is due mainly to
the efficiency of the Anopheles garthiae complex
of anophelines as vectors and to their capacity for
development of resistance to residual insecticides.
It must be firmly stated that in some arcas of the
tropics the “silent spring” philosophy in relation to
the use of residual insecticides that contain chlori-
nated hydrocarbons is unacceptable. The benefits
that accrue from spraying with these compounds
far outweigh the risk of environmental pollution.
Many countries can atford no insecticides other
than the organochlorines, in spite of their persis-
tence in the environment. In contrast to A. gam-
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bige in Africa, no DDT resistance has been ob-
served in Anopheles darlingi, a <pecies responsible
for >80% of the transmission of malaria in Brazil.

Why this is so after >20 years of liberal use of

DDT is a question worthy of investigation.

Resurgencee of falciparum malaria in the Orient
and South America is complicated by a high inci-
dence of resistance to chloroquine. Evidence of
similar resistance is beginning to appear in the lit-
craturc from Africa. I have attended patients with
acute malaria for many years, and 1 have yet to see
anyone dic of acute infection due to Plasmodium
vivax, Plasmodiinm ovale, or Plasimodium malar-
iae; however, T am still watching people die of fal-
ciparum malaria,

The drugs available for treatment of acute falci-
parum malaria due to chloroquine-resistant orga-
nisms are sulfonamide-pyremethamine formula-
tions, quinine, and mefloquine [2). Good evidenee
for resistance of  Plasmodium  falciparum in
human infections to the first two of these drugs al-
ready exists, and resistance to mefloquine is sus-
pected. After all, it is but another quinoline. Qing-
hao (Artemisia annua), a Chinese herb, has been
used for 1,000 years in China for treatment of ma-
laria. Its active ingredient, Qinghaosu, is highly
effective against resistant P. falciparum. 1t is an
entirely new compound and therefore could hold
great  promise {3]. Pharmaceutical companies
must be screening any new compound for the
treatment of protozoal discase for antimalarial ac-
tivity, since any new type of drug effective against
P. falciparum is likely to have a bright future.

The pessimistic approach to vaccine develop-
ment is to start with the people who need it —let us
say the three surviving children of a rural subsis-
tence farmer in central equatorial Africa. If such a
vaccine existed, the cultural, political, and finan-
cial factors influencing delivery would be ecnormous
and lie outside the scope of these remarks. Suffice
it to say that it might be many years before the
vaccine was available to all who needed it.

Nevertheless, in view of the threat of uncontrol-
lable epidemics of falciparum malaria, research on
the development of vaccines has a high priority.
Identification of specific protective proteins in the
sporozoite coat is an encouraging step forward
[4]. There exists the possibility of synthesizing
such proteins by usc of gene cloning and recombi-
nant DNA techniques. Whether the same protece-
tive proteins occur constantly in P. julciparum
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isolates from different parts of the world will have
to be defined. The duration of protection of such
a vaccine, especially in an environment of natural-
ly high transmission, will need to be measured.
While spectacular progress has been made in this
field in the space of a few years, it is still too carly
to say if such a vaccine will ever reach the stage of
trials in humans [S]. Still, it is heartening to clini-
cians to scc the forces being assembled once again
for the fight against what Shortt once described as
“man’s ancient enemy.”

Parasitic Diseases Other than Malaria

The transmission of schistosomiasis, hookworm,
ascaris, amebiasis, and giardiasis depends on fecal
contamination of the environment, principally by
humans. Early man had similar defecation behav-
ior and shared similar (but not identical) intestinal
parasites with many other animals. The basic prob-
lem in control of these parasitic diseases is how to
make a bore-hole latrine such an attractive propo-
sition to people that they use it habitually. Some-
how it has to enter the list of priorities of work,
water, food, shelter, pleasure, education, etc.
Much sociologic research is needed on this point,
but the level of understanding in relation to the
transmission of thesc parasitic diseases is funda-
mental.

Schistosomiasis

The direct link to irrigation and agricultural devel-
opment and the vaguc calculation of the hundreds
of millions of people with schistosomiasis served
1o provide rescarch funding for this problem in the
1970s. Although the number of infected people is
large, the number with discase (that is, with de-
monstrable pathology) is relatively small. Even in
the latter group, schistosomiasis as a cause of
death is insignificant in comparison to malaria or
trypanosomiasis. Nor has it proved casy to measure
morbidity, although in a recent study the dimin-
ished productivity of sugarcane cutters with hepa-
tosplenic Schistosoma mansoni has been clearly
demonstrated [6). However, children with ad-
vanced portal hypertension due to S. mansoni are
scen in our ward in Brazil, and this comnplication is
more common in areas where Schistosoma japoni-
cum is endemic, Probably Schistosoma haemato-
Ditm causes more morbidity and mortality in
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Africa because of the unfortunate and unexplained
location of adult worm pairs in the venous plexus
behind the trigone of the bladder. The preferential
locations of adult worms and their movements in
the portal sytem need investigation.

An enormous amount of information about the
immunolcgy of schistosomiasis is now available
[7], but, unlike in the study of malaria, no real di-
rection can be discerned at the moment. It is de-
batable whether activity in this ficld will continue
at the same rate. The problem seems to be one of
precise definition of aims. The nature and value to
the patient of the immunity that undoubtedly de-
velops in an endemic arca requires clarification.

Ironically, as was previously mentioned, drug
companies have provided the major advance in
terms of specific therapy. Luck was important in
the development of the lucanthone-hycanthone-
oxamniquine sequence. Today effective drug ther-
apy is available for all three tvpes of human schis-
tosomiasis; single-dose oral therapy is often used.
Fortunately, trivalent antimonial treavment (al-
ways a great worry to any clinician) is beroming
history. Why, for example, metrifonate is ¢ffec-
tive only against S. haematobium and oxamni-
quine cures S. mansoni infection is not clear nor is
the precise mechanism of action known. Prazi-
quantel is the first single-dose treatment effective
against all three species of schistosome [8]. One
hopes that this drug can be manufactured cheaply,
as oxamniquine was costing Brazil four dollars per
dose «t one time,

The control of schistosomiasis has been recently
reviewed [9]. The failure of motiuscacides to per-
manently eradicate snails is notable, and rescarch
on destruction of snails deserves to be stepped up.
The policy for the control of schistosomiasis will
vary with the species involved and with local con-
ditions, but drug therapy will be important. It
has been shown that great reduction of S. mansoni
diseasc can be achieved in a community by admin-
istration of four or fewer doses of oxamniquine to
cach patient, but even up to cight separate treat-
ments given patients demonstrating persistent in-
fection fail to reduce the prevalence to <3.2% [8].
In S. mansoni infections the concept of targeted
mass treatment is attractive. Thatis, in an affected
community (and in many Brazilian communitics
the infection affects nearly 100% of the popula-
tion), persons from age groups in which worm
burdens arce heavy must be treated. If left un-
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treated, the infection could lead to hepatosplenic
disease. Surveillance and distribution could be
controlled by the local government if the drug is
sufficiently safe. Snail control by the use of mol-
luscacide in areas where S. mmansoni is endemic is
expensive and only temporarily cffective. Ap-
parently there is no way of stopping the spread of
schistosomiasis in central Brazil, and cases of this
parasitic discase have now been recorded in the
Federal District.

Metrifonate has proved effective in the large-
scale chemotherapy of S. haematobium infections,
Here, more of a case can be made for mass treat-
ment, since the target pathology in the trigone is
more localized and less dependant on worm load.
Also, there exists a possibility, in some situations
at least, of snail control. Bulinus snails frequently
establish transmission in small bodies of water
that can be adequately treated.

Views on control of S. japonictm still rely
heavily on incomplete information from mainland
China [10]. Elimination of animal reservoirs (c.g.,
dogs) is logical, and the amphibious nature of the
snail apparently allows it to be killed by burial if a
sufficient work force can be mobilized. However,
I suspect that targeted chemotherapy may have an
important role in controlling this discase.

Hookworm

Effective broad-spectrum anthelmintic agents
have recently become available for intestinal ne-
matode infections. Hookworm is the most impor-
tant of these. Indeed, it can be argued that this in-
fection is a more significant cause of mortality and
morbidity than schistosomiasis. Severe anemia
due to hookworm is still a common reason for
hospital admission in many parts of the tropics.
Since the hemoglobin level falls gradually, the pa-
tient nften walks into the consulting room with an
impressive hemodynamic picture, circulating 2-3g
per liter of hemoglobin as rapidly as possible.
Such an anemia is the result of an interplay of
three factors: worm load, duration of infection,
and body iron reserves [11]. Hypoalbuminemia is
another feature of hookworm discase [12]. It is
likely that, in areas of stable transmission, immu-
nity accounts for the low worm burdens present in
most adults, but more information is necessary.
The story of the control of hookworm in the
southern United States in the absence of effective
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drugs shows how much can be achieved by im-

proving sanitation facilitics and by the wearing of

shoes. The cheap plastic sandal has probably had
a great effect on decreasing hookworm transmis-
sion. Fixed defecation sites in secluded areas of in-
tense transmission is a factor that produces heavy
worm loads.

The focus of research on control measures in
endemic arcas should be the patient with signifi-
cant anemia due to hookworm. If such a patient is
given oral iron and an effective vermifuge ana his
defecation site is periodically changed, what are
the chances of his returning with an equivalent de-
gree of anemia within, for example, two years?
This scems to be & question wortli answering, par-
ticularly for subsistence farmers who frequently
fall into this category. 1t is noteworthy that in cer-
tain arcas of rural Brazil two types of rum are
available: clear pinga and a rum that turns red
when the carth at the bottom of the bottle, which
contains iron, is agitated. This second drink is saic
to function as a tonic, but why that is so is often
not understood.

Ascariasis

In the absence of effective sanitation, control of

transmission of ascariasis scems impossible because
infective eggs can exist in the environment for long
periods. More research on the persistence of infec-
tive forms of intestinal parasites may produce
practical results. Children ten years old and younger
grow unsteadily because of heavy worm loads.
Due to the size of the worms, they run the risk of
obstruction of the intestine or of the bile ducts.
Rescarch into control should concentrate on this
high-risk age group. Mass treatment in schools
with one of the several effective drugs available
only temporarily reduces infection in an environ-
ment polluted by embryonated eggs [13].

Stool examinations, while simple, are expen-
sive, and I agree with Latham [14] that a rapid
mcthod is needed to detect heavy worm burdens in
children. An abdominal distension index might be
feasible, but factors of lumbar lordosis, endemic
malaria, high-residue diets, ete., need 1o be care-
fully assessed. A history of passing worms in the
stool is unreliable since the benefits of a vermifuge
and the psychological satisfaction of passing such
a worm arc factors that interfere with accurate
reporting. Nevertheless, regular vermifuges to-
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gether with health education appear to be the
shurt-term hopes for controlling morbidity and
mortality in children. Rescarch projects will need
to define carcfully the reinfection risk and to es-
tablish the most effective economic way to use the
new anthelmintic agents.

Amebiasis *nd Giardiasis

Amebiasis and giardiasis are waterborne infec-
tions, although infective cysts can be ingested in
raw foods. Where piped water exists, it must be
protected from fecal contamination, Treatment of
such water is a subject of current research in giar-
diasis [15]. Prophylaxis of both discases depends
on this approach.

Why invasive amebiasis is s»ch a problem in
countries such as Mexico, parts of Africa (includ-
ing South Africa), India, and Thailand is still not
clear. While it could depend on parasite virulence
alone, in some situations the explanation is likely
1o be complex and involves factors such as host
immunity and nutrition. Why only a fraction of
Giardia lamblia infections ave symptomatic is
also a puzzle. After all, what governs population
dynamics of G. lambliu in the small intestine?
Why is it often the first protozoan to appear in the
feces of weanling children [16]?

The discovery of metronidazole has revolu-
tionized the treatment of symptomatic diseasc
caused by microacrophilic pathogenic intestinal
protozoa, and mortality in severe invasive amebia-
sis has diminished as a result. Under grave condi-
tions such as amebic lung abscess, pericarditis, or
peritonitis, the joint action of metronidazole with
the standard emetine-chloroquine combination
has saved lives that would otherwise have been
lost.

In situations where infection rates are low and
sanitation good, asymptomatic persons who pass
cysts should be treated. The best drug for the
treatment of amebiasis where infection rates are
low and sanitation good is diloxanide furoate,
which, 20 years after my investigations in Nigeria
[17], has just been licensed in the United States. In
endemic arcas where 10%-30% of people have
asymptomatic infections, individual treatment of
cyst passers scems fruitless, because reinfection is
incvitable in the absence of sanitation. A physi-
cian has more important things to do in such
communities. The cencept of commensalism for
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Entamoeba histolvtica is not proved and requires
further work. Also, the significance of an entire
family becoming infected and the effect of this
factor on the outcome of treatment of the in-
dividual index case requires clarification,

Strongyloidiasis

While realizing that not all parasitic diseases of
humans can be discussed, it is worthwhile to men-
tion a few infections of importance other than
those discussed at this meeting.

Strongyloides stercoralis is a rarer intestinal
nematode than hookworm, although it is trans-
mitted similarly. Also, it shares with Trichuris tri-
chinra an unexplained focal distribution in many
endemic areas. [t deserves mention because, in our
ward in Brasilia for instance, it is a common cause
of adult malnutrition complicated by hypoalbu-
minemia duc to a protein-losing enteropathy [18].
Many interesting problems could be investigated
by return to the experimental models developed by
Faust in the 1930s. For instance, what is responsi-
ble for the buildup of infection to produce the
hyperinfection syndrome? Why is this syndrome
not associated with cosinophilia? Why are stool
examinations negative in some heavy infections?
Is Brazilian strongyloidiasis really more resistant
to thiabendazole, and, if so, what does this mean?
Is the ineffectiveness of mebendazole based on its
poor absorption, or is there another explanation?

Trypanosomiasis, Leishmaniasis, and Filariasis

This discussion started with a consideration of two
of the parasitic discases rightly selected by the
World Health Organization for attention in a
special program. The other three, namely trypano-
somiasis, leishmaniasis, and filariasis, therefore
merit discussion.

The role of trypanosomes transmitted by tsetse
in limiting efforts to raise cattle and reducing the
availability of milk and meat in Africa needs no
emphasis [19]. Every day at lecast one plane leaves
Sio Paulo, Brazil, for Lagos, Nigeria, with a
cargo of fresh meat. Control of flics is expensive,
and a vaccine for cattle might be possible. A
breakdown in the vigilance for human infections
results in epidemics such as those that have recent-
ly occurred in Ethiopia and the Congo basin.
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New, less-toxic drugs for the treatment of human
African trypanosomiasis are urgently needed.

Chagas’ discase presents the most pressing prob-
lem for public action of any the discases discussed
here [20). Control of domestic populations of
reduviid bugs assumes a new urgency with the de-
velopment of resistance to previously effective
residual insecticides. Unfortunately, spraying is
very expensive, and severely affected communities
are often remote. However, it may be cheaper in
the long run to act now, for children infected this
year will place a great burden on hospital services
decades from now. Megaesophagus in Chagas’
disease is frequently associated with marked
malnutrition and parotid gland enlargement (the
so-called cat face).

Human leishmaniasis has an impressive geo-
graphic distribution; it is spread over the face of
the globe in the tropics and subtropics. No clinical
protozoologist has experience of all its forms. It
usually has the characteristics of an endemic
sporadic disease, although epidemics have been re-
ported. More effective and less toxic drugs are the
first research priority. Nutritional implications are
relatively minor but of great interest. Does the dif-
ferential wasting described in old accounts of
Kala-azar exist? Does malnutrition influence the
development of clinical discase to any extent?
Why do patients who have contracted leishmani-
asis get so thin? Is it that vast parasite loads couple
with chronic anemia? Is there any way of mea-
suring such effects? | have recently seen many
patients with malnutrition due to restricted food
intake that resulted from scvere oropharyngeal
damage caused by chronic Leishmania brasiliensis
infection.

A major factor determining pathogenicity in the
seven filarial infections of humans is the location
of the adult parasites. This must explain the lack
of pathology in infections with Diperalonema
perstans and Mansonella ozzardi. The public
health importance of onchocerciasis is better
defined than that of Bancroftian filariasis. Severe
chyluria must have nutritional repercussions.
When should the clinician intervene to stop the
leak?

Conclusion

Looking at endemic parasitic disease from the
point of view expressed here demands that the
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clinical worker not cling to bedside medicine but
that he understand the human problem of a para-
sitic infection in an affected arca. This is the phi-
losophy adopted by many institutions including
the Niicleo de Medicina Tropical of the University
of Brasilia. Expericnce in such a unit inevitably
leads to the pragmatic approach to treatment and
control expressed  here. The research priority
should be the cure of human disease (not neces-
sarily infection) in the individual and the com-
munity by the most feasible means. Eradication is
a word rarely used today when discussing human
parasitic infections.
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Nutritional Requiretnents in Parasitic Diseases

Doris Howes Calloway
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“Nutritional requirements”™ means different things in different contexts. Generally, the
term refers to national or international standards or allowances of nutrients. Coneern
here involves the potential need for a change of standards where conditions of disease
prevail, because discase increases the nutritional requirements of most individuals,
“Nutritional requirements” may also be viewed in terms of food supplies. Analysis of a
number of suidies indicates that the average growt’s dcrieit due to endemic infections
discases in carly life is <20 keal per day (calenlated as § keal/g of tissue). Inereased weight
gain Tollowing treatment of intestinal parasites such as Ascaris lumbricoides or Giardia
lamblia provides similar estimates, as does measurement of energy and proiein absorp-
tion. These values are within normal variance estimates. Sick children do not cat well
and apparently do not cat enough on healthy days to correct for the accrued food
deficit. Research on nutritional requirements of children n-eds to focus on management

of food resources in entire families.

The term “nutritional requirements” means differ-
ent things in different contexts. Sometimes we
speak of the nutritional requirements of an indi-
vidual, but these, in fact, are never known. Gener-
ally, “nutritional requirements” refers to national
or international standards or allowances of nutri-
ents specified for groups of people by expert com-
mittees. There exists a potential need to change
nutritional requirements because of discase condi-
tions in a given setting, i.¢, a need to increase the
amounts of nutrients recommended because the
prevalent conditions increase the nutritional re-
quirements of most individnals. “Nutritional re-
quirements” may also be viewed in terms of the
food supplies necessary 10 meet the nutrient needs
of a community or other group under prevailing
distribution patterns.

I have attempted to establish the energy cost of

parasitic discase based on the data presented to us
here and the concepts emerging from our delibera-
tions. If there is a quantifiable cnergy cost, then
the total need for food is increased, and probably
the need for protein and the nutrients involved in
metabolism and tissue restoration is likewise in-
creased. The requirement for a single micronutri-
ent is rarely affected by infectious discases to a
greater extent than that for other nutrients. The
exception occurs where blood loss is the dominant

Please address tequests tor reprints to Dr. Doris Howes
Calloway, 200 California Hall, University of California,
Berkeley, California 94720,
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feature and iron sufficiency is seriously affected,
as in hookworm.

In this discussion, the estimations of energy cost
are based on assumptions of the encrgy value of
body tissue, normal energy requirements, and
body weights [1]. The first, the energy value of
tissue lost or gained, is taken to be 5 keal (21
kJ)/g. The cnergy requirement during the first
year of life is accepted as 112 keal/kg per day, and
during the second year, 103 kcal/kg per day. Stan-
dard body weights used are 3.3 kg at birth, 7 kg at
six months, 11 kg at 18 months, and 14 kg at three
years.

In the report of his longitudinal study of Gam-
bian children, Marsden [2] presented the weight
curve of one representative child who had suffered
five attacks of clinically significant malaria during
the period from birth to 20 months of age (figure
1}. The child gained weight during 47 weceks, lost
weight during 16 weeks, and maintained essential-
lv constant weight during 25 weeks. Average
weight loss, read from the graph, was ~11-13 g
per day during periods of weight loss. This loss of
tissue is equivalent to about 60 kcal per day or
6,720 kcal over the 16 weeks of loss. The restor .-
tion of this deficit would have required only an ad-
ditional 90-100 kcal per week for the remaining 72
weeks, or about 15 keal/day, which is less than
2% of the expected normal energy requirement,
This figure is of no practical value in setting stan-
dards because the coefficient of variation in
energy requircements is ~15% [1].
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Figure 1. The effect of repeated at-
tacks of clinical malaria on a child's
weight and hemoglobin during the
first 18 months of life. (- --) =
hemoglobin level; (——) = weighi
level; and (%) = antimalarial given
during clinical attack. Reprinted with
permission from [2].
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Other studies yielded similar estimates. Cole
and Parkin [3] reported the prevalence of malaria
in two ways: in The Gambia. malaria was present
1.0% of the time, or nine days i 30 months; in
Uganda. children expericneed an . ~age of 5.8
malarial attacks in 30 months. M en’s repre-
sentative Gambian patient (figure ., ad five epi-
sodes in 88 weeks. Since the usual event lasts
about four days, malaria might be causing nutri-
tional drain among African children during ~20
days between the ages of six months and three
years. The effect of malaria on weight gain was
calculated to be - 779 ¢ per month in The Gambia
[3]; accordingly, 20 days of malaria would diminish
weight gain by 522 g. The energy value of the de-
ficit, 2,610 keal, is 130 keal per day during the at-
tack, but only 3 kcal per day across the 39 months,
This deficit is <2% of the expected requirement.

Comparing a control group of children infected
with scaris  lumibricoides  with  a group of
dewormed children, Stephenson et al. [4] reported
a difference in weight gain of 200 g over 14 weeks.
The difference of 2 g per day amounts to 10 keal
per day, or <1% of a child’s normal requiremen -,
In another study of children infected with A, fum-
bricoides [5], treatment with levamisole (L-( - )-
2,3,5,6-tetrahydro-6-phenylimidazo|2, 1-b]thiazole),

20

increased weight gain by 400 g per year as com-
pared to treatment with placebo; the effect of
treatment in children without infection was 240 g
per year. The total effect of treatment in the in-
fected group was worth ~5-6 kcal per day, of
which ~2-3 keal per day could be ascribed to sup-
pression of the parasite per se.

Brown et al. [6] measured the absorption of
nutrients by five- to seven-year-old Bangladeshi
children before and after treatment for ascariasis.,
The mean weight of eight heavily infected children
was 14.34 kg. I calculated their mean intake, a diet
of rice and vegetables to be 1,434 keal with 20.2 g
of protein per day. These figures and the reported
pereentages of nutrient absorption indicate that
the net saving due to treatment was 17 keal per
day, of which 7 kcal was protein (1.76 g) and 8
kcal was fat (0.9 g). Significantly improved ab-
sorption could not be demonstrated in the lightly
infected children, but the measured difference in
absorption was about 7 kcal per day. These figures
are consistent with the observed small weight gains
due to treatment, which are cited above 4, 5].

Another point emerges from examination of the
data of Brown ct al. [6]. The diet derived 5.6% of
energy from protein, but the fecal saving was
disproportionately high in protcin, accounting for
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41% of the energy saved. There was also improved
retention of protein with the treatment of the
heavily infected group. Operative net protein
utilization increased from 0.101 to 0.163. If both
protein retention and energy absorption figures
are correct, 1.25 g protein was deposited in about
3.4 g of body tissuc. This tissue would then be
about twice as high in protein content as is usual
lean body tissue [1].

We have two papers with quantitative findings
relating to giardiasis. During episodes of infection
with Giardia lamblia in Gambia (3], decrement in
weight gain was [71 g per month. However, be-
cause of relatively low prevalence, the mean
monthly deficit was 7 g. The energy cost is 1-2
kecal per day over 30 months, Kay et al. [7] present
only weight gain after treatment of the 24 most
seriously affected children. Actual gains are com-
pared with gains expected according to the child’s
previous growth projection. For 15 children below
three years of age, the observed gain exceeded that
expected by an average of 8 g per day over an aver-
age period of 3% months. These are perhaps the
least secure values we have here, but they do sug-
gest the possibility of a higher cost, some 40 kcal/
day, resulting from scvere giardiasis.

Our papers on schisrosomiasis include only one
that is relevant to this discussion. DeWitt et al. [8]
tested the effects of two treatments on the growth
and health of infected, malnourished, young men
in Puerto Rico. One group of 26 subjects received
an enriched diet for the entire 15-month period of
study; the other, a group of nine convicts, did not.
Chemotlicrapy for schistosomiasis was instituted
for both groups during the last six months. Before
the study began, the first group was about 3 ¢m
taller and 2 kg heavier than the second, and while
biochemical indicators of nutrition were unaccep-
table in a large proportion of cach group, the con-
victs were in a noticeably poorer nutritional state.
The food supplement was prodigious; energy in-
take was raised from 2,000 to 4,000 kcal per day,

Table 1.
somiasis.*

No diug

Monthly increase Supplemented diet

Weight (kg) 0.42
Height (cm) 0.15

* These data are adapted from [8].
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protein intake from 67 g to 178 g, and micronutri-
ent intakes were generous. Anthropomelric re-
sponscs are summarized in table 1. Body weight
was affected more by diet than by drug therapy.
The difference in weight gain due to the correction
of schistosomiasis is equivalent to 19 kcal per day
for group onc and 22 kcal per day for group two.
The data on height are interesting. Even though all
the men were in their 20s, those in both groups
grew taller. The linear growth effect due to drug
therapy appears to be the same order of
magnitude as that due to diet.

Recurrent diarrhea, irrespective of cause, is usu-
ally cited as the discase factor most likely to affect
nutrient requirements under prevailing world con-
ditions. In a final attempt to quantify the energy
cost of diseasc to children’s nutrition, I consulted
threc authoritics. Dr. Vinodini Reddy indicates
that young children have one or two episodes of
diarrhea per year, cach lasting two to three days.
Dr. Leonardo Mata gave a figure of nine episodes
in 24 months, lasting about a week each time. Cole
and Parkin [3] reported 2.55 episodes per 30
months in Uganda, whereas in The Gambia preva-
lence was 0.13, with children affected 3.93 days per
month. Evidently, either discase experience or the
definition of diarrhea is quite different in various
geographic locales.

The range cited provides average cstimates of
15-141 days of diarrhea between six months and
threc years of age. The cost of gastroenteritis (o
weight gain in The Gambia was 773 g per 30 days
and in Uganda was 161 g per 30 days. In 30 months,
the average net cost would range from a low of 80 g
to a high of 3,633 g. The extreme case represents
18,000 kcal over 900 days or, again, 20 kcal per
day. This amount is probably not measurable in
light of the average expected requirement of some
1,000 kcal per day.

We must conclude that the uncorrected energy
deficit is, in all cases, small in terms of require-
ment figures, The cumulative impact on achieved

Anthropometric responses (imean values) to dictary supplementation and/or drug therapy of schisto-

Plus drug
Control Supplemented dict Control
0.12 0.54 0.25

0.08 0.21 0.17



894

body size is, on the other hand, very large. This
size difference does have an effect on  re-
quirements —requirements are lower where discase
prevails and full catch-up growth does not oceur.,

Again let us take as examples the situations in
The Gambia and Uganda [3]. The mean £2ain was ex-
pected to be 220 g per menth: the observed gain
was 98 g and 185 g in the two respective locations.
At the age of three years, average body weights
would have been about 9.94 kg and 12.5 kg; these
figures are 71% and 0% of expected weight,
Energy requirements to sustain the normal growth
rate tfor age are expressed on the basis of body
weight. Thus, food needs would be reduced by
29% and 10%, on the average, by the age of three
vears in these two locations. For children growing
at two standard deviations below the mean, the
situation would be even rosier; they would become
better adapted (o food shortage with time—or so
the “adaptationists” would suggeslt.

“he uncorrected energy deficit s, as we have
seen, very small. The question is why children
don’t catch up in these er- ‘ronments. One reason
must surely be that children are sick a large part of
the time, and that when they are sick, they don’t
cat adegately. Food may also be withheld as part
of informal therapy.

Prevalence of all discase categories recorded in
The Gambia [3] was 0.456. This means that children
were alfected, on the average, 13-14 days each
month. In Uganda [3] there were 1.709 discase
cpisodes per month,

Assuming that food intake was, on the average,
half of normal during the days of illness, then, in
The Gambia, intake on well days would have 10 be
([0.456 x 0.5] + 0.544x = 1.0) or 1.42 times the
normal requirement, to reach a normal average in-
take. Mata said that intake was reduced by 19% in
his study. Utilizing the same caleulation, the in-
take of Mata’s subjects appears to have been 1.07
times normal on days when the child was well, not
cnough to avoid growth retardation. Martorell et
al. [9] have reported intake deficits of the order of
20% during miscellancous childhood illnesses over
the first five years of life. The Gambian disease
prevalence and Martorell’'s observed intake indi-
cate that intake would have to be inereased only
16% (plus the 20 keal or so to cover absorptive
losses) on healthy days to meet normal average in-
takes. This is well within the normal variation in
intakes [9]. Why doesn’t it happen?

Calloway

One possibility is frequently cited. Perhaps
children cannot physically consume more of the
food that is typically available. Traditionally diets
of the poor are usually low in fat, high in bulk and
water-binding capacity. Unless oil or sugar, or
some digestible energy-rich food (such as cggs,
whole milk, or mecat) is available to raise the
caloric density of these diets, it is unlikely that
young children would be able 1o eat cnough to
meet and exceed normal requirement levels,

There is a second, usually unrecognized ex-
planation. Let us consider what happens to the
food that sick children do not eat. If it were breast
milk, we could assume it is still part of the mother,
but breast milk is not what sick children generally
reject. They reduce consumption of foods taken
from the family rable. Would that food still be
available to sick infants when they recover?
Children that are malnourished rarely are found in
houscholds where the food supply to anyone is
truly generous, so it seems unlikely that the re-
jected food would be wasted. It is far more likely
that someone else would cat the food the sick child
did not cat. Some other member of the houschold
would benefit, and that extra small amount of
food may be making the difference for the
maintenance of observed growth of siblings or for
the work capacity of parents. There might not be
any extra food available in a household where the
resources are limited two or three days later when
the child is well and able to ecat.

I believe that research on nutrient and food re-
quirements now needs to focus on entire families.
We need to know what transactions oceur within
Families managing food and other resources in the
face of illness and recurrent scarcity, We need also
to have answers to critical questions such as the
ones raised by Dr. McGregor: Does growth begin
to fail before, or only after, the first serious
discase episode? Are the poorest consumers al-
fected first, or only most severely?

I do not believe that efforts to prevent and cure
parasitic and other endemic diseases need 1o be
based upon a postulate of altered nutrient re-
quirements (see, for example, the study of Beaton
and Swiss [10]). The benefits of disease reduction
in terms of reduction of human misery should be
sufficient 1o offser the cost of treatment. Neither
should we allow the case for the provision of more
and better food to rest on an argument that re-
quirements must be increased because of disease.
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(see, for example, [I1, 12]). Food intake of those
most at risk due to disease are not even meeting
normal nutritional standards, and continued em-
phasis on “requirements” detracts from the efforts
needed to identify and correct the underlying
causes of malnutrition,
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Needed Research on the Interactions of Certain Parasitic Diseases

and Nuftrition in Humans

Michael C. Latham

From the Division of Nutritional Sciences,
Cornell University, Ithaca, New York

For the purpose of assigning priorities for research, each of the following parasitic
diseases is examined in regard to its affect on the nutritional status of the host:
schistosomiasis, malaria, amebiasis, giardiasis, ascariasis, and hookworm, The epi-
demiology, diagnosis, immune response lo, and available therapies for these diseases
are discussed. 1t is suggested that highest priority be given to three diseases: hookworm,
ascariasis, and schistosomiasis, because they can be treated successfully, diagnosed easi-

ly, and have a high prevalence.

The workshop dealt with only certain parasitic dis-
cases of humans: schistosomiasis, malaria, ame-
biasis, giardiasis, ascariasis, and hookworm dis-
ease. These are dealt with in the same order here as
in the discussions.

Medical and public health reasons make the
treatiment and control of most of these infections
important for the individual and for the communi-
ty. The priority for control depends on several fac-
tors, including the prevalence and intensity of in-
fection, the extent of the resulting morbidity and
mortality, and the social and economic signifi-
:ance of the discase; these factors vary from coun-
try to country and also within countries. The case
and cost of control with presently available
methods merits consideration.

The purpose of the workshop was to examine
the interactions of parasitic discases and nutrition
in humans. The following questions were ad-
dressed. (7) What cffect does each parasitic infec-
tion have on the intake, utilization, or loss of
nutrients, and what are the functional conse-
quences that may relate to nutrition? (2) How does
the nutritional status of the host affect the mor-
bidity, the duration of infection, and the immune
system or reaction in each parasitic infection? (3)
What can be said about the effects of parasitic
disease on nutrient requirements.

I have kept these guestions in mind when ex-
amining priorities for research. In general, the
concern is to identify the nutritional! reasons that
add to the many other reasons for the control or
limitation of parasitic infections.

Please address requests for reprints to Dr. Michael C.
Latham, Division of Nutritional Sciences, Savage Hall, Cornell
University, Ithaca, New York 14853,
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We should remember tha. helminths do not
themselves multiply in the human host. Increased
levels or intensities of infection in an individual
always result from infections with new organisms
from outside the host; they are not due to prop-
agation of the helminths within the body. In all
rescarch projects, the use of quantitative rather
than purely qualitative methodology is important.
This information usually involves egg counts. For
many helminthic infections, relatively simple
quantitative techniques suitable for field testing
exist; examples are egg counts in feces and count-
ing of Schistosoma haemarobium cggs by means
of the Nuclepore® filter (Nuclepore Corp., Pleasan-
ton, Calif.) technique.

General Kesearch

Certain gencral research areas that are related to
several parasitic discases were identified in the
workshop. These include: (/) Research on the ef-
fect of parasitic infections on appetite. Is anorcxia
a problem, and if so, to what extent and by what
mechanism does it affect nutritional status at dif-
ferent ages and in different segments of society?
(2) Studics of the effects on certain functions of
parasitic infections and the parasite-nutrition in-
teraction. Issues involved include the functional
consequences in terms of response to disease, physi-
cal activity or work output, cognitive function,
reproductive competence, and social and be-
havioral function. (3) Improved 1esearch on im-
mune function in severe and moderate protein
cnergy malnutrition and in other nutrient deficien-
cies, especially in relation to parasitic infections.
(4) Detailed longitudinal community investiga-
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tions that are interdisciplinary, including parasi-
tologists, nutritionists, health professionals, and
others. Certain questions concerning the interrela-
tionship of parasitic discases and nutrition can
probably be answered only by long-term, ecologi-
cally intense studies. (5) Intervention studies in the
presence and absence of parasites for the more ac-
curate determination of the effect of the control of
parasitic disease (or the reduction of parasite
burdens) on the growth of children and on nutri-
tional status; the effect on parasitic infections of
nutritional interventions, including supplementary
feeding or provision of individual nutrients such
as iron; and the evaluation of broad or holistic in-
terventions and their effects on health, nutritional
status, and related matters.

Research on Schistosomiasis

Clearly, in schistosomiasis a distinction must
always be made between those persons with light
infections and those with moderate or heavy infec-
tions. In all studics, egg counts are necessary for a
prediction of the parasite burden. Light infec-
tions, believed to produce low morbidity, are
unlikely to have any measurable effect on nutri-
tional status.

Important areas for rescarch on the interactions
of schistosomiasis with nutrition are as follows.
(/) A high priority should be given to longitudinal
studies with proper design. Such inquiries should
inciude whether moderate and heavy infections
with Schistosoma mansoni, S. hoemarobium, or
Schistosoma japonicum significantly affect the
growth of children (and whether they contribute
to protein energy malnutrition); anemia and iron
nutritional status through blood loss (especially,
perhaps, in S. haematobium infections); appetite
and food intake; and, indirectly, function, in-
cluding physical activity and fitness, work output,
and social functioning. Studies concerning these
questions should, for ethical and other reasons,
usually use treatment as the intervention, and ex-
aminations can be conducted before and after
treatment in the same individuals. (2) Human and
animal studies are needed to determine more
precisely how the nutritional status of the host af-
fects the intensity of infection, morbidity from the
disease, and immune response. (3) For S. /licemato-
bium infections, studies are needed to determine
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more precisely how much blood, and therefore
iron, is lost in the urine with different intensities
of infection.

Research on schistosomiasis should be influ-
enced by the great improvement in recent years in
the drugs used for this discase and by the tech-
niques now available for the quantification of eggs
in urine and stools, which can be performed rapid-
ly and cheaply in the field.

Research on Malaria

Malaria is by far the most significant parasitic
disecasc in humans, both in terms of prevalence
and as a cause of morbidity and mortality. [Its
treatment and control is of great importance
whether or not the disease interacts with nutrition,
The type of malaria (Plasmodium falciparum,
Plasmodium vivax, Plasmodium malariae, or
Plasmodium ovale), its degree of stability in a
given community, the ages of those patients being
considered, and several other factors necd to be
kept in mind in researchi on the interrelationships
between malaria and nutrition,

Rescarch is needed on the following aspects. (/)
Well-designed, longitudinal studies should in-
vestigate how malaria affects food intake (c.g.,
what is fed to the child, how appetite is affected),
utilization of nutrients, nitrogen losses in the
urine, and physical function. (2) It would be use-
ful to have better data on how malaria affects the
productivity, physical activity, and social func-
tioning of adults and on how these factors affect
agricultural productivity, food availability, etc.,
especially in arcas where malaria is unstable or
where epidemic outbreaks occur. (3) The role of
malaria in gastiointestinal function and as a cause
of diarrhea and of nutrient losses from the bowel
needs examination. (4) The different effects of
malaria on immune function should be explored in
well-nourished, moderately malnourished, and
severely malnourished individuais, especially chil-
dren. (5) In pregnancy, the relationship between
malaria (with placental involvemcii) and prema-
ture births or small full-term births is unclcar.
What is the significance of this relationship? (6)
The mechanisms involved in the exacerbation of
malaria during pregnancy in immune populations
need description. Is this phenomenon related to
the nutritional status of the pregnant woman?
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Why is it scen mainly in the primipara? (7) The cf-
feet of the nutritional status of the host on the
morbidity, duration of discase, and mortality in
those with malaria warrants study. Are the
responses i patients with kwashiorkor different
from those in patients with marasmus; and il so,
why? (8) In those with subclinical malaria and
with signs of undernutrition, we need to know
whether supplementary foods, refeeding, or the
provision of certain nutrients, c.g., iron, exacer-
bate the malaria? This problem may require in-
vestigation in persons with different types of
malaria, in a varicty of ccologies, in people with
different degrees of imimunity and with a variety
of diets. The studies need much more careful
design, control, and interpretation than similar
studies in the past. (9) Whether the anemia seen in
malaria, which is known to be hemolytic, also af-
fects iron status and the utilization of other
hemopoictic nutrients is unclear. Is iron that is
laid down in the pigmentation in the liver and
other organs in malaria reutilized? What is the
true relationship of malaria o folate nutrition in
humans?

Research on Amebiasis

Amebiasis remains a common disease in many
parts of the world, and in many «.eveloping coun-
tries its incidence may be icreasing. This increase
is in part due to the fact that specific control
measures are not available.

Relatively little research has been conducted on
the interaction -of amebiasis and nutrition. Re-
search should address the following questions. (/)
What effect does severe, invasive amebiasis have
on nutritional status, on the utilization of nutri-
ents in the diet, and on loss of micronutrients,
such as iron? (2) How does diet affect the discase?
Do particular diel patterns affect the pattern of in-
testinal microflora, and how does the pattern of
microflora relate to the pathogenicity of the
amebac in the gut? Docs the provision of certain
nutrients, such as iron, influence the amebae to
become invasive? (3) How does malnutrition of
the host affect the parasite and its tendency to be
invasive or noninvasive?

Latham

Rescarch on Giardiasis

Infections with Giardia lamblia are common in
both tropical and nontropical countries. One of
the problems in field and community research is
the difficulty of a definitive diagnosis, cspecially
with asymptomatic cases or light infections. The
failure to find evidence ol the parasites in stool ex-
aminations does not rule out the presence of an in-
fection, but usually cysts can be detected in those
whose infections are heavy. Duodenal aspiration
is not a procedure that can be recommended for
field studics.

Research is needed in the following arcas: (/)
Well-designed field studies should determine the
ceffect, if any, of the parasitic infection on growth
and other parameters of nutritional status. In the
absence of better definitive diagnostic tests, these
studies may have to be limited to before-and-after
measurements in patients with proved jufections
who are treated. (2) The effects of giardiasis on
the utilization of certain micronutricnts, especially
vitamin B,,, folate, and vitamin A, . 1investiga-
tion. (3) Prospective studies involvit 1 children
with protein energy malnutrition should deter-
minc the role of the nutritional status of the host
in susceptibility to giardiasis. Studies including
feeding or nutritional rehabilitation showd ascer-
tain the cffects of dictary intervention on giardial
infections,

Research on Ascariasis

In recent years several studies have investigated
the effects of ascaris infection on the growth of
children. These are reviewed clsewhere. Most of
the better studies indicate that even moderate in-
fections do apparently returd growth and there-
fore contribute to protein energy malnutrition,
These ficld studies arc consistent with evidence
from rescarch involving pigs and from metabolic
studies involving humans. However, none of these
ficld studies have been conducted with heavily in-
fected children. Ascariasis can also lead to certain
serious complications, such as intestinal obstruc-
tion (with heavy infections) or worms that cause
problems during ectepic migration to sites such as
the common bile duct. The incidence of these
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complications is not well defined, but in certain
hospitals ascariasis is the major causc of ab-
dominal emergencies requiring surgery in child-
hood. Relatively little research involving humans
has examined the effects of the parasites as they
travel through the liver and lungs to reach the in-
testines. However, reasonably good data on path-
ological changes in the liver and lungs are
available from studies on pigs.

The following arcas for additional rescarch
were identified. (/) A neced exists for well-
designed, longitudinal field studies in more than
oie country in which the effect of treatment or
other control efforts is measured in children heavi-
ly infected with Ascaris and in groups where
malnutrition is prevalent. (2) Studies should deter-
mine the exten' of morbidity and the relation to
nutrition of the stage of infection when Ascaris
worms are migrating through the lungs. (3)
Autopsy studies should determine the pathology
in the gut and other organs of children infected
with Ascaris who die of accidents or causes
unrelated to gastrointestinal discase. (4) Metabolic
studies should determine the role of heavy infec-
tions with Ascaris on the utilization of protein,
vitamin A, and other nutrients. (5) Studies using
hospital statistics should evaluate the importance
of complications of ascaris infections (for exam-
ple, intestinal obstruction, ectopic location of the
worm). (6) Programs for the control of ascariasis
in the community by means of anthelminthics
need cevawuation. The effectiveness; the rates of
reinfection; the delivery systems, either alone or in
combination with other health or nutritional in-
terventions; and the economic aspects of such pro-
grams nced study.

Research on Hookworm Disease

The role of hookworm infections in iron-
deficiency anemia has been well studied. There is
general agreement that heavy infection with
hookworms is an important cause of iron-
deficiency anemia in many parts of the world, and
that the mechanisms for this relationship have
been determined. Therefore, hookworm discase is
a clear case in which a parasitic infection results in
a nutrient-deficiency discase. The carelul work in
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both animals and in humans has not beeit ade-
quately extended into field studies or control pro-
grams. In all research, quantitative techniques,
such as egg counts in feces, are nccessary.

he foilowing were identified as rescarch needs.
(/) Evaluation is needed of programs to control
hookworms by means of anthelminthics adminis-
tered to groups of individuals in the community;
the effects of the disease on anemia, iron nutri-
tional status, physical fitness, and work produc-
tivity should be determined. (2) The effect of
hookworm infections on the loss of nutrients
other than iron needs investigation. (3) Studics
should determine the effects of hookworm dis-
case, especially heavy infections, on appetite,
function of the gut, and the growth of children.

Conclusions

The workshop suggested that highest priority be
given to rescarch on hookworm disease, ascari-
asis, and schistosomiasis. The reasons for the
choice of these three parasitic diseases arc dis-
cussed below. In addition, malaria is such a seri-
ous and important discase that its treatment and
control deserve very high priority irrespective of
the relationship of the discase to nutrition. Ame-
biasis and giardiasis .re common infections and
are frequently important discases. However, be-
fore nutritional studics arc undertaken at the com-
munity level, some basic problems related to these
diseases need investigation. These include the
pathogenicity of different strains of Entamoeba
histolytica, factors influencing the pathogenicity
of G. lumblia, and the diagnostic techniques (both
stool examinations and seroepidemiologic studies)
for amebiasis and giardiasis.

Funding agencies might, therefore, give greater
priority to research and programs relating to
hookworm discase, ascariasis, and schistosomia-
sis. For all three diseases, currentlv available drugs
can markedly lower the parasite loads without
danger of serious complications. All three condi-
tions can be easily diagnosed. Above all, these
three parasitic infections have high prevalence;
estintates suggest that Ascaris infects about 1.2
billion people, hookworm around 700 million,
and schistosomiasis perhaps 200 million.
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With ascariasis and hookworm disease, the nu-
tritional consequences of the diseases may be their
most important cffect on human well-being.
Therefore, programs of control as well as practical
studies to further our knowledge of the relation-
ship between infection with these parasites and nu-
trition are important. In the case of schistosomi-
asis, there are good reasons for controlling the
discase, especially in those with heavy infections.
But the need is clear for studies to determine how
schistosomiasis relates to nutrition. Several ave-
nues for study suggest an evaluation of the effects
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of treatment on nutritional parameters, including
iron nutritional status,

Although it was recommended that rescarch pri-
ority be given to the nutritional implications of
hookworm discase, ascariasis, and schistosomi-
asis, studies are also neceded on malaria,
amebiasis, and giardiasis, and on some intestinal
parasitic infections not discussed during the
workshop but of considerable regional impor-
tance. I have outlined above the types of research
needed.



REVIEWS OF INFECTIOUS DISEASES o VOL.. 4, NO. 4 « JULY-AUGUST 182
© 1982 by The University of Chicago. Al rights reserved, 0162-0886/82/0404-0030802.00

Summary and Recommendations

Gerald T. Keusch

Dr. Doris Howes Calloway opened the meeting by
defining nutritional status in a functional context.
The impetus for arriving at such a definition has
been the difficulties inherent in measuring food in-
take in individuals in the field, in the problem of
setting criteria for intake or tissue levels of many
nutrients that are predictive of disease symptoms
due to incipient deficiencies, the uncertainties of
food requirements during periods of stress, and
the multiplicity of factors other than nutrition that
affect growth and anthropomctric measures.
Functional indicators with sufficient sensitivity,
precision, and reproducibility are not yet suffi-
ciently validated. The relationships between nutri-
tonal status and cognitive abilities, social and be-
havioral attributes, work capacity, reproductive
function, and immunologic capacity are currently
being evaluated. However, functional adaptations
do occur in response to restricted food intake, and
there is a need to distinguish between physiologic
adaptation and pathologic maladaptation.

Dr. William R, Beisel discussed the concepts of

synergism and antagonism of nutrition and infec-
tion; these are the situations in which malnutrition
cither augments severity of infection or affords
protection from clinical illness. Previous studies
lending support to these constructs are largely
descriptive and cannot establish a cause-and-cffect
relationship. It is unlikely that this relationship
can be readily demonstrated for humans, given the
large number of uncontrollable variables. For ex-
ample, parasitic infections are usually multiple,
infecting dosces arc unknown, exposure can be
recurrent  or continuous, and infections are
chronic. Furthermore, determinants of the ap-
parent synergy or antagonism include the species
and virulence of the parasite, 1ts own nutritional
requircments, the naturc and severity of the host’s
malnutrition, and the functional capacity of im-
mune mechanisms and other host factors.

Drs. Gerald T. Keusch and R. K. Chandra re-

Please address requests for reprints to Dr, Gerald T. Keusch,
Division of Geographic Medicine, Tufts-New England Medical
Center, 136 Harrison Avenue, Boston, Massachusetts 02111,
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From the Division of Geographic Medicine,
Tufts-New England Medical Center, Boston, Massachusetts

viewed the immune response to parasites. A num-
ber of pathogenic protozoa are endowed with the
capacity to invade and multiply within microbici-
dal cells, such as macrophages, by as-yet-undeter-
mined mechanisms. Helminths do not generally
multiply within the mammalian host; this fact dra-
matically alters the conditions for an immunologic
response. Thus, the success of boti protozoan and
metazoan parasites as pathogens appears to de-
pend on their ability to evade normal host de-
fenses and to escape clearance and elimination.
Nevertheless, diverse immune responscs can be
clicited including T-lymphocyte-mediated re-
cruitment of specific effector cells, granuloma for-
mation, and activation of antibody- and/or com-
plement-dependent mechanisms, macrophages, or
other cellular or nonspecific humoral responses.

Drs. Irwin H. Rosenberg and Barbara B. Bow-
man considered the possible effects of parasitic in-
fection on intestinal physiology as a major deter-
minant of nutritional impact. Various infections
can influence alimentation, digestion, or absorp-
tion at virtually any point, This may relate to the
ability of some parasites to induce fever and sys-
temic metabolic alterations, to release bioactive or
toxic substances in the intestinal lumen, to com-
pete for specific nutrients, to cause structural or
functional damage to the mucosa, or to alter gut
motility. It was suggested that, in the development
of malnutrition, anorexia may be the most impor-
tant consequence of parasitic infection, but both
the magnitude or this effect and the mechanism by
which it occurs urgently require investigation.

Dr. Michacl Katz recounted the remarkable ad-
vances in development of antihelminthic drugs
that arc both effective and safe. Agents that might
be chosen for periodic mass chemotherapy against
intestinal nematodes are unlikely to cause any
harm or exert any adverse influence on the host’s
nutrition or metabolism.

In subsequent papers, Drs. Kenneth S. Warren,
David J. Wyler, Bernardo Sepilveda, David P.
Stevens, Zbigniew Pawlowski, and Robert H.
Gilman reviewed the host-pathogen biology of six
important infectious agents: threec helminths
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(Ascaris lumbricoides, the hookworms, and Schis-
tosoma mansoni) and three protozoa (Plusmo-
dium species, Giardia lamblia, Entamoeba histo-
Ivtica). Because of their epidemiology, however,
only malaria, giardiasis, and amebiasis were
deemed potentially significant problems for the
nutritionally vulnerable preschool child. This is
not to say that infections with hookworm,
Ascaris, or Schistosorma do not occur ‘n the
young. Rather, because these worms do not multi-
ply in the human host and because clinical discase
is generally a consequence of heavy infection, it
takes time to acquire the worm burden likely to
cause symptoms. The distinction to be made here
is between infection and illness. In fact, the vast
majority of infections with these helminths are
subclinical and are unlikely to cause symptoms.
When clinical ilhiess does oceur, however, it is
likely 1o be chronic, severe, and sometimes fatal.
These distinetions have important nutritional
implications. The evidence reviewed by Drs. C.
Amechi Akpom, lan A. McGregor, Louis S. Dia-
mond, Noel W. Solomons, Myron G. Schultz, and
Easwaran P, Variyam and John G. Banwell indi-
cates that parasitic infections that are too light to
produce symptomatic illness are generally also too
light to significantly affect nutritional status. The
chronic loss of iron associated with mild-to-
moderate hookworm infection is the major excep-
tion to the rule, as chronic anemia can develop
when dictary intake of iron is limited or is in a
form having limited bioavailability. The ac-
celerated metabolism and loss of body nutrient
stores, which typify acute febrile bacterial or viral
discases, are also scen during symptomatic systemic
parasitic discases. The papers in this workshop
and the subsequent discussion show that parasite-
induced malnutrition is generally seen in only a
small fraction of patients who harbor parasites.
The final group of papers explored issues con-
cerning strategies for intervention, Dr. Calloway
estimated that the growth inhibition resulting
from infection is €20 keal/day for children: this
figure is an average based on studies reported for a
variety of discases. It is extremely small in terms of
a child’s normal requirement of ~1,000 keal/day
and is probably not directly measurable. 1f the un-
corrected energy deficit is so small, why is it that
these children do not catch up in growth during
convalescence? Dr. Calloway calculated that, on
the basis of reported prevalence and duration of
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infectious illness and an average 20% decrease in
food intake due to anorexia during infection, con-
valescent food needs must be increased by ~16%
to meet normal average intake. Two reasons were
offered: low caloric density of available foods
limits physical consumption of extra food, and
there might not be additional food available in a
houschold of limited resources. Therefore, solu-
tions to this problem may depend on general social
and cconomic advancement.

Dr. L.eonardo J. Mata continued this thenie by
describing the sociocultural factors that contribute
to both the high prevalence of infection and the
limited effectiveness of interventions. These in-
clude  prevailing  poverty, deficieat  education,
maintenance of practices such as indiseriminate
defecation, and high demographic density and
ruralism. He pointed out that child-rearing prac-
tices and attitudes within families, termed “ma-
ternal” or “familiar” technology, differed from
houschold to houschold and might explain differ-
ences between families in the same ccosystem with
regard to the incidence of infection and malnutri-
tion. He concludes that a holistic approach is
essential for effecting changes in these various
social determinants and should include promotion
of breast feeding, oral rehydration for diarrhea,
education on weaning practices and convalescent
feeding, improvement in personal and domestic
hygiene, immunization, community planning for
environmental  improvement, family planning,
and chemotherapy and prophylaxis for prevalent
infections caused by parasites that are susceptible
to drugs.

Mr. James M. Pines discussed the process for
setting governmental policies and the use of scien-
tific data by civil planners in establishing such
policies and priorities. He stressed that the usual
language of scientific communication, which
emphasizes the limits of data and qualifies the
conclusions drawn, is a barrier to the planner who
must formulate decisions based on evidence that
often falls short of scientific validity. These deci-
sions are also usually influenced by political,
technical, administrative, or resource constraints.
Increased collaboration between  seientists and
policymakers is necessary to improve the link be-
tween rescarch findings and policy interests.

Dr. Keusch and Dr. Panata Migasena described
polyparasitism, a common phenomenon in popu-
lations of developing nations, and pointed out
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that combined infection is not a random process
but is due to selective host factors and ecologic
considerations. The unknown interactions among
these infections and the possibility of antagonism
between infection and malnutrition raise concern
about implementation of vertical control pro-
grams (programs directed at a single discase).
They suggest the need for prospective epidemio-
logic research to address the importance of such
issues and to consider interventions in a broader
ccologic context,

Dr. Philip Davis Marsden presented an over-
view of current treatment and control of endemic
parasitic infections. The transition from con-
sideration of individual patients to that of entire
populations requires a change iu thinking for the
inclusion of a broad range of measures, such as
the possibility of mass chemotherapy, simple en-
vironmental or behavioral modifications, and vec-
tor control. These measures may be used singly or
in combination. A pragmaltic approach to treat-
ment and control must be based on an understand-

%03

ing of the problems and infections in each endemic
area

Finally, Dr. Michael C. Latham summarized
the needs and prioritics for research in answer to
the many questions raised during the workshop.

Specific Comments

With the information presented in the workshop it
is possible to assess the feasibility of, and assign
priorities to, various intervention measures. Table
I provides a framework for the ordering of priori-
tics for dealing with the six infectious agents dis-
cussed. These judgments may depend on personal
bias, and arguments to the contrary can be madc;
they are presented as a means of stimulating con-
sideration of the issues raised.

Mularia.  This highly prevalent discase in
much of the developing world produces significant
morbidity and mortality. Acute, fcbrile disease is
accompanied by metabolically incfficient re-
sponses, and specific antimalarial therapy should,

Table 1. Assessment of intervention stralegies for control of some parasitic infections.

World Overall  Impact on  Impact of
Infection prevalence* morbidityt nutrition  malnutrition
Malaria Very high  High Yes Possible
clinical
antagonism
Giardiasis ~ High (?) Low Probable Unknown
Amcbiasis  High Low Yest Unknown
Hookworm High Moderate  Yes Unknown
discase
Ascariasis  Very high  Low Probable  Unknown
Schisto- Moderately  Low Yest Possible
somiasis high clinical
antagonism

mansoni

* On a population, not individual-patient, basis.
T With symptomatic clinical discase.

Interventions for discase control

Measure Feasibility Priority

Vector control Low to moderate High

Mass chemoprophylaxis  Low Low

Vaccine Unavailable Rescarch necded
Mass chemoprophylaxis  Low Low

Water and sanitation Moderate} Moderate
Education High High

Mass chemoprophylaxis  Low Low

Water and sanitation Moderate} Moderate
Education High High

Mass chemoprophylaxis  Moderate Low

Iron supplementation High High
Sanitation/education Modecrate Moderate

Mass chemotherapy Low Low

Targeted chcmothcrapy" Modcrate Low to moderate$
Sanitation/cducation Low# Moderate

Vector control Low Research needed
Mass chemoprophylaxis  Low low

Targeted chemotherapy  Moderately high  Moderate to high

1 Must be combined with continuous education and surveillance.
§ Depends on prevalence of heavy infection and its impact on growth of infants and children.

| Delivery to the age group most at risk of heavy infection.
# Probably must be combined with mass chemotherapy.
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therefore, be iollowed by nutritional rehabilita-
tion for repletion of losses. The nutritional conse-

quences for persons with the chronic form of

malaria are far more difficult to assess and
manage, for such individuals are also subject to
many other stresses, both infectious and noninfec-
tious, that affect nutritional status.

At the same time, there are observations sug-
gesting antagonism between malaria and malnutri-
tion. This evidence includes clinical observations
of the rarity of cerebral malaria in the overtly
malnourished, as well as the exacerpation of
parasitemia in malnourished subjects by refeeding
or by administering parenteral iron. The general
relevance of these situations is unclear, and, in any
event, the mechanisms are unknown. It is possible
that the nutritional and temporal requirements for
the life cycle of the parasite are involved. For ex-
ample, if the life span of erythrocytes is shortened,
maturation of the organism may be compromised
and parasitemia will be suppressed. However, pro-
ducing severe malnutrition is hardly the way to
control malaria.

Current prospects for the development of & vac-
cine are encouraging. It is difficult to be cqually
confident about vector control measures. Resis-
tance to insecticides, potential environmental
damage, and the cost of continuous intensive ef-
forts are not casily dismissed. Nonetheless, vector
control programs can have an impact; however,
they should not be initiated unless there is a com-
mitment to maintain the program indefinitely and
to install a suitable surveillance system. Such an
infrastructure would also permit rapid and effec-
tive deployment of a vaccine, should one become
available. Chemoprophylaxis is of proven value
for short-term visitors to an endemic arca. How-
ever, widespread mass chemoprophylaxis seems to
be unreasonable because of logistics, expense, and
the potential for increased drug resistance by
Plastodinm falciparum.

Giardiasis.  Giardia lamblia has a worldwide
distribution and is currently recognized as an im-
portant cause of acute diarrhea and, in a minority
of infected patients, of chronic malabsorption.
Giardiasis in infants and children has been asso-
ciated with “failure to thrive,” and treatment can
produce rapid, incremental, catch-up growth, Ex-
perimental models are providing basic new infor-
mation about both the interaction of the parasite
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with the epithelium of the small intestine and the
immune mechanisms in the host response.

Limited epidemiologic field studies suggest that
initial infections in young children are associated
with acute diarrhea and, therefore, affect growth
and nutritional state. Periodic treatment with
metronidazole is said to improve individual
growth in such populations. The available data are
insufficient 1o draw conclusions, and further field
work is necessary to establish the importance of
giardiasis on a population-wide basis. While re-
search thus is a priority, chemotherapeutic inter-
ventions are not. Periodic mass treatment is not
justified until benefits are more certain, better
drugs are available, and risks are assessed.

Because water may be the most important route
of transmission of G. lamblia, projects for provi-
sion ol pure water may benefit the population.
The feasibility of this action is uncertain; water-
borne transmission still occurs in some urban set-
tings in industrialized nations. Until chemical
means ol destroying infective cysts are available,
water purification will rely upon effective filtra-
tion for removal of the cysts. With potential reser-
voirs in wild and domestic animals (beavers and
dogs, for example) and the likelihood of spread
via person-to-person contact, the problem is even
more intractable. Thus, it is difficult to advance
support  for water purification projects for
giardiasis alone. In reality this justification is un-
necessary because improviment of water purity and
availability is an issue under active consideration
by major international health organizations. Such
projects, if successful, would have a beneficial im-
pact on many infectious discases that are water-
borne or water washed.

Amebiasis.  This infection is even more diffi-
cult to assess than is giardiasis. Most individuals
who harbor the parasite are healthy carriers; only
a few have acute illness. Whether or not first in-
fections are usually symptomatic is not known,
and how often acute diarrhea in children is due to
intestinal amcebiasis cannot be determined. In
some countries (e.g., Mexico) amebiasis is an im-
portant, scvere, systemic discase producing con-
siderable morbidity and mortality.

Models exist for the study of mvasiveness and
cytotoxic properties of pathogenic amebace but not
for intestinal disease. Nutritional considerations
have been largely neglected, except for the observed
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high iron requirement of the parasite and the ap-
parent increase in severity of disease in iron-
overloaded individuals such as the Bantu popula-
tion of South Africa.

The magnitude of the contribution, if any, of
chronic cyst passage to malnutrition in asympto-
matic infections is unknown, In any event, simple,
safe, and inexpensive prophylaxis is not available,
and, therefore, control must presently rest on
water and sanitation projects. While amebiasis is
hardly a rcason to initiate such investments in
most situations, it is a potential added benefit of
uncertain magnitude to such programs.

Hookwormins,  This is without doubt an impor-
tant infection and one that is relatively simple to
deal with. The single, most obvious, associated
nutritional problem is iron deficiency and secon-
dary anemia. It is rapidly corrected by iron supple-
mentation, even more quickly than by antihel-
minthic therapy atone. Hookworm is just one of
the causes of iron deficiency, which may have
many morbid conscquences other than anemia.
For these reasons, iron supplementation should
have the highest priority of the possible interven-
tions. Chemotherapy could safely be reserved for
those individuals with heavy infection and severe
anemia, but this would necessitate identification
of such patients, They arc often young adults in
the work force, and thus the debility due to
ancmia may affect productivity and income, with
secondary nutritional repercussions for the entire
houschold.

Public health and environmental sanitation
measures such as latrines, concrete floors in the
home, and the use of shoes can be effective but are
often disappointing in reducing the intensity or
prevalence of hookworm disease. An investment
must be made in both facilities and education if
suceess is to be achieved. This is not an casy task,
but, because the benefits extend far beyond hook-
worm per se, these efforts have some priority.
Nevertheless, the greatest benefit for the largest
number of people, at the least cost and in the
shortest time, will accrue from an effective iron
supplementation program.

Ascariasis.  Although this is a highly prevalent
infection, solid data are lacking on the nutritional
impact of these worms in the human. Malnutrition
due to many other causes generally coexists in the
same population, with no obvious causc-and-
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effect relationship. The frequency and importance
of secondary malabsorption, morbidity accom-
panying larval migration, or intestinal or ductal
obstruction is uncertain, and the nature of host
immunity is unknown. Similar remarks would also
apply to Trichuris trichiura, which is so frequently
found with ascaris infection.

The studies showing an impact of antihelminth-
ic treatment on growth of children demonstrate a
small positive effect. The effect is too minor to
provide a basis for a recommendation of periodic
mass deworming programs; the benefit is likely to
be small, with little reduction in transmission or
reinfection. Whether greater benefits are demon-
strable in people with heavy infections is uncer-
tain, and, no matter how likely, the importance of
these benefits from the public-health perspective is
uncertain, Diligent, long-term, periodic mass che-
motherapy may reduce the worm burden per indi-
vidual and, in conjunction with environmental
sanitation, could ultimately reduce transmission
and prevalence. This is an enormously ambitious
goal and has been advocated for decades with little
obvious result because poverty remains endemic.
Therefore, the higher priority should be the
development of primary health care delivery pro-
grams, which might include judicious use of an-
tihelminthics in heavily infected patients. If the
basic health program can be initiated, treatment
of ascariasis would not significantly increase cost.

Schistosomiasis. Considerable progress has
been made in understanding the host-parasite
interaction and the immunopathogencsis of
schistosomiasis. In experimental S. marisoni infec-
tions, nutritional deprivation of protein, energy,
or certain vitamins inhibits the formation of the
egg granuloma and reduces the severity of clinical
manifestions of hepatosplenic discase. In the
human infection there may be blood loss, and,
rarely, malabsorption of vitamins or fat. How-
ever, even in the presence of severe hepatic fibrosis
and varicosities in the portal venous system,
hepatocellular function remains intact, and there
are generally no major deleterious nutritional ef-
fects. The present data also do not suggest that im-
proving nutrition in malnourished, infected in-
dividuals will adversely affect the severity of
discase manifestations. Therefore nutritional in-
terventions can be planned, regardless of the pres-
ence of schistosomiasis.
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Schistosomiasis is a severe, sometimes fatal dis-
casc in certain individuals, and this fact must be
considered independently of nutritional concerns.,
The concept of targeted mass chemotherapy aimed
at treatment of the age group with the heaviest in-
fections, which is most likely to develop discase,
has great intellectual and epidemiologic appeal.
Therapy is employed to reduce the intensity of in-
fection in the target population, not necessarily to
achieve cure; thus, maximum benefit lor the
greatest number with minimum toxicity and ex-
pense is ensured.

Recommendations

As a general principle, correcting nutritional defi-
ciences in patients with clinically overt infections
should be addressed as an essential adjunct to
specific antiparasitic therapy on a patient-by-
patient basis. Corrective measures must include
dictary supplementation during convalescence un-
til deficits are climinated. Nutritional support may
also be needed by patients with asymptomatic in-
fection due to the many other causes of malnutri-
tion. The refeeding of such patients may be
followed by an acute exacerbation of the parasitic
infection. While this is probably not a common
phenomenon, recent observations indicate that it
should be anticipated in poputations with a high
prevalence of malaria.

With the exception of iron supplementation in
hookworm discase, nutritional therapy is not an
effective way to control parasitic discases. At the
same time, however, reduction in the incidence of
clinical malaria, giordiasis, and probably amebia-
sis may well contribute to an improvement in nu-
tritional state. It remains to be proved whether re-
duction in intensity of round worm infection will
have similar benefits.

Bascd on the analysis in table 1, priorities for in-
terventions are listed below.

Malaria control.  There is an accompanying
caveal suggesting that commitment be long term,
that a surveillance system be developed to monitor
the situation, and that the eftort not be diluted by
other tasks. The benefits may be limited, but the
severity of the problem dictates the priority and
supports the vertical intervention.

Tron supplementation for hookworm discase.
The vehicle, the form, and the quantity may vary
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from place to place but the goal is clear: to treat
the major manifestation of hookworm disease,
i.c., iron deficiency, In the presence of severe
protein cnergy malnutrition with very depressed
transferrin levels, iron supplementation (especially
by the parenteral route) may contribute to infec-
tion morbidity by providing free iron necessary
for the growth of the pathogen. This outcome is
unlikely to result from continuous, low-level,
therapeutic intervention by supplementation or
fortification of a dictary staple.

Water and sanitation projects. These should
be part of the general effort to improve the living
conditions and the health status of a population.
Effective implementation will reduce the burden
of cach pathogen considered here, except malaria,
and of many others not discussed. Both technolo-
gy and education arc critical to success. Further-
more, a long-term commitment of financial sup-
port and an infrastructure conducive to monitor-
ing and ensuring appropriate use and maintenance
of the resources are essential. Without these
measures, the technology may become a conduit
for the mass spread of infection.

Periodic antihehninthic therapy. Safe effec-
tive drugs are presently available and arc widely
used by individuals for treatment of infection due
1o Ascaris lumbricoides and the hookworms. The
organized, community usc of antihelminthics is
another issue. In temporary campaigns these
drugs are unlikely to have a noticeable impact; in
continuing programs, combined with environmen-
tal sanitation and health education efforts, there is
the likelihood of important health benefits. Pres-
ently available drugs will not significantly reduce
the prevalence of infections due to Trichuris
trichivra or Strongyloides stercoralis, however,
and these parasites will have to be dealt with in in-
dividual cases where more intensive therapy can be
effective. Without the total program to reduce
transmission and prevalence of infection, periodic
mass trecatment campaigns are not likely to have
any long-term effect, and the funding required can
be better used clsewhere.

Targeted mass chemotherapy against schisto-
somiasis is an entirely separate issue and is recom-
mended wherever the disease is prevalent. This re-
guires a health scctor capable of epidemiologic
surveillance so that the population at risk can be
reached, the heavily infected target group iden-
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tified and treatment directed to them, and follow-
up evaluation provided.

The last three recommendations can, and
should, be incorporated into primary health care
schemes in which nutrition surveillance and educa-
tion, nromotion of breast feeding and appropriate
weaning practices, oral rehydration for acute diar-
rhea, and immunization for the preventable child-
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hood communicable discases are promoted. In
this context, and with the proper involvement of
the community in planning and implementation,
cven the third goal becomes achievable. Integra-
tion thus becomes not only the combination of
programs or interventions, but the joining of the
health professionals and the community to carry
out the tasks.
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CLASSICS IN INFECTIOUS DISEASES

A Newly Discovered Parasite in the Blood of Patients Suffering from Malaria.

Parasitic Etiology of Attacks of Malaria.

Charles Louis Alphonse Laveran
(1845-1922)

Constantine, Algeria

[These excerpts are reprinted from the  translation in Tropical  Medicine and
Parasitology, Classic Investigations, Volume 1, edited by B. H. Kean, M. D., Kenneth
E. Mott, M. D., and Adair J. Russell, pages 23-26. Copyright 1978 by Cornell Univer-
sity, Used by permission of the publishers, Cornell University Press.)

(Editor’s note: like many other notables in the history of
tropical medicine, Faveran first became acquainted with the
problems he was to study throughout his life during his career
as i military surgeon. He was born in Paris, the son and the
grandson of physicians, and was awarded  his degree in
medicine by the University of Strasbourg in 1867, After several
military assignments in France, he was transterred in 1878 10
Algeria, where he became deeply interested in malaria, the
cause of which wis then being widely discussed, During i series
of microscopic blood examinations of malarin patients in Con-
stantine, he discovered spherical pigmented  bodies  with
ameboid movement which he had until then confused with
pigmented Teukoceytes. This was the third time that niicro-
organisms had been found in himan blood, the first two being
the causative agents of relapsing fever and anthras. When
Laveraw's discovery was confirmed, the Academy of Sciences
in Paris elected him to honorary membership. In 1904, 1 averan
retired from milituy service and joined the Pasteur Institute,
where he devored  himself entirely 1o bacteriologic and
parasitologic research. He published more than 600 scientitic
papers dealing with malaria and many other tropical discases.
1111907, he received the Nobel Prize as “initiator and pioneer off
the pathology of protoson.”

Many others had seen various objects in the pe pheral blood
of malaria patients - Meckel (1847), Furichs (1858), Plane
(I854), Delatield (1872), and Jones (1876) — vet none developed
their observations inasystematic manner, 1 averan's first com-
munication appeared in the Bullein de PAcademieo de
Mcdecine, 19:1235 1236, 1880, The brevity of the original arti-
cle did not do justice to this monumental discovery. We have
reproduced the following article, in Tull, with its single plate.]

On 20 October of this year, while | was examin-
ing microscopically the blood of a patient suffer-
ing from malaria, | noticed, among the red cor-
puscles, clements that seemed to me to be
parasites. Since then, 1 have examined the blood
of 44 malaria patients; in 26 cases, these same
clements were present. This convineed me of their

Please address requests for reprints 1o The Editor, Reviews
of Infections Diseases, Channing Laboratory, 180 Longwood
Avenue, Boston, Massachusetts 02115.

parasitic nature. These elements were not found in
the blood of patients who were not ill with ma-
taria. 1 will describe these elements as No. 1, No.
2, and No. 3. Eventually, it will become evident
that this nomenclature is useful as it makes no
assumptions as to the nature of the parasites,

Description of Parasitic Elements
Found in the Blood

No. 1. These are clongated bodies, with ends
more or less tapered, often crescent-shaped (see
Plate 5, Iigs. 3 and 4), but sometimes ovoid (Fig.
5). In length, they measure from 8 to 9 microns
and in breadth, they average 3 microns. A very
fine line indicates the contour while the body itself
is transparent and colorless at the periphery;
toward the central part, there is a dark stain duc (o
a series of rounded granutations that are probably
pigment granules. Lxceptionally, this stain is situ-
ated at the periphery. The granulations are often
symmetrically dispoced, in a crownlike arrange-
ment, similar to the one | shall describe for No. 2.
On the concave side of the crescent-shaped bodices,
a curved pale line often seems to connect both
ends of the crescent. This line is shown on Fig. 4.
No. | bodics seem motionless: when their owline
changes, it does so very slowly.

No. 2. These bodies present different shapes
that vary with their being in states of rest or mo-
tion. In states of rest, the body is generally round
and transparent, finely contoured, measuring 6
microns in diameter. Inside the body (Iig. 6),
round pigmented granules of equal size are usually
quite regularly arranged in a ring; one might say
they look like a necklace of black pearls.

In motion, one sees very transparent filaments
that arc rapidly moving in all directions. These
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movements may be compared to those of
nematodes that would have one end attached to
the inside of the spherical part. These filaments set
the neighboring red blood corpuscles into motion,
and this is casily observed. The length of the
filaments or mobile appendices is approximately
three or four times the diameter of the red corpus-
cle. I had the impression that three or four of these
filaments surround every so-called No. 2 body,
but there may be more of them, since only perfect-
ly focused mobile filaments are perceived. These
mobile filaments are sometimes regularly spread
out on all sides (Fig. 7) or all are sometimes
clustered on one side (IFig. 8). The free ends of the
moving filaments are swollen, as is indicated on
Fig. 7.

While these filaments or motile appendices
move around freely, the spherical body on which
they seem to be inserted oscillates more or less
rapidly and even seems, at times, to move about so
that all its pazrts follow the same direction. The
pigmented granules move around freely inside the
body and assume various configurations.

No. 2 bodies very often alter their shapes while
onc observes them. They become longer, flatten
out, and become spherical again. In this last in-
stance, the movements recall those of amocbac.
Several times, it happened that while | was observ-
ing thie motion of No. 2 bodics one of the mobile
filaments would leave the round body and con-
tinue to move around the red corpuscles. Fig. 9
shows one of these filaments that has become [ree.

In several instances [ have also observed in the
slides of malaria patients, apart from the clements
heretofore described, rounded bodies larger than
the No. 2 bodies and usually even larger than leu-
kocvtes, which had inside them moving pigmented
granulations. These bodies contained no mobile
filaments and their motion was Brownian-like
(Fig 10).

No. 3. These bodies arc round, larger in
diameter (8 to 10 microns and sometimes greater),
than No. 2 bodics, slightly granular, motionless,
without any apparent peripheral filaments. Inside
the bodies one sees pigmented granules sometimes
arranged like thosc in No. 2 (Fig. 11) but more
ofien disposed haphazaradly and in variable
numbers. These bodics alter in shape increasingly
and so tend to become very different from the type
I just described (Fig. 12 and Fig. 13).
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In addition to No. 1, 2, and 3 bodies, one nearly
always finds sinall, rounded, mobile, and bright
bodies and crimson red or light blue pigment
granules. These pigmented granules are free or are
included in No. 3 bodies or in lzukocytes. The
crimson red pigment seems to undergo transfor-
mation, and the result would seem to be the blue
pigment.

Refutation of Some Objections.
Mcthods of Blood Examination

defore I delve into the nature of the parasitic
clements and their pathologic role, I wish to
answer iwo objections made to me several times
which probably will be presented to me again:

(/) Were the above-described parasitic elements
really found in the blood of the patients? Were
they not accidentally introduced into the slides?

(2) Were altered blood clements mistaken for
parasitic elements?

The techniquc 1 used in all my preparations
should shield me from the first of these objec-
tions. The glass slides were carefully washed in
alcohol; the patient’s finger was swabbed with
alcohol; pure blood was examined without the ad-
dition of another fluid; and finally the slides were
scaled with paraffin. It is true that all these pre-
cautions would not prevent floating air particles
from entering the preparation, but how could one
possibly maintain that the complicated parasites |
have described were floating in the air only while |
was examining the blood of malaria patients?
How could one correlate the relationship I have
many times ascertained between the abundance or
rarity of parasites and the degree of sickness or ap-
parent recovery of malariu patients if the inclusion
of the parasites was due only to chance? More-
over, | was always careful to prepare the slides in
different locations in the wards or in my labora-
tory, and the results were identical. | beg to dis-
pose of this objection and to naintain that the
parasites were truly in the blood of patients.

The second point scems even easier (o deal with
than the first. It is impossible to confuse No. 2
bodies equipped with moebile filaments with any
possible normal or pathologic element of the
blood. The swift movements of the filaments have
nothing in common with the slow motions of
leukocytes, and the pigmented granules, mobile or
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arranged in a ring, should not be confused with
the granulation of leukocytes. All my colleagues
to whom I was able to show these No. 2 bodies in
motien did not hesitate for a single second in
recognizing that what was moving was indeed a
parasite. One would only need 4 glance at Figs. 7
and 8 to become convinced that such bodies can-
not be confused with leukocyies, however altered
these may be. Even when they are motionless, No.
2 bodies resemble leukocytes only vaguely. They
arc usually smaller, the granulations are dark or
crimson red and arranged in a ring, and they have
no inner nuclei.

It would be just as impossible to confuse No. |
bodies with blood clements. Erythroeytes, some-
times similar in shape to the bodies, never have
any internal pigmented granules. It is true that
No. 3 bodies look very much like pigmented leu-
kocytes. They ar> alike in shape and measure-
ments. Yet, the dii=: ences are great. Pigmented
granules have a regular arrangement in No. 3
bodies (Fig. 11); there are no internal nuclei, and
these elements do not take carmine dye as do leu-
kucytes. Moreover, it is easy to ascertain that No.
3 bodices are the result of transformation of No. 2
bodies, the living nature of which is incontestable.

Nature and Pathologic Role Played
By Parasitic Elements Found in the Blood

Bodies Nos. 1, 2, and 3 seem to represent different
aspects or different phases of the evolution of the
same parasite. It is evident that No. 3 bodies are
the result of a transformation of No. 2 bodies
after their death. It is casy to convince oneself in
the following fashion. One looks for a No. 2 body
with mobile filaments and after having found one
that is characteristic and very lively, the slide is
placed on the microscope and is observed from
time to time. After a variable period (from some
minutes to several hours), the movements cease
and the filaments become invisible. The body
changes from its Fig. 7 or 8 aspect to the one
shown in Fig. 6. After a while, No. 2 body en-
larges as if flattening our while the pigmented
granules disassociate, forming a widening circle
(Fig. 11). Finally, the parasitic organism alters its
shape to the point where it is no longer recogniz-
able. The pigmented granules become arranged ir-
regularly. They accumulate at one point or disap-
pear altogether with the exception of one or two.

Laveran

The same procedure, when applied to No. |
bodiez, give similar results. The bodies become
shapeless after a while, although not so rapidly as
No. 2 bodies. No. | bodies become first ovoid and
then spherical and irregular.

Often, one finds in the slides ovoid bodies that
appear (o be intermediate between No. 1 and No.
2 bodies. Nevertheless, i have never witniessed a
No. I body transforming itself into a No. 2 body
cven afler a 36- or 48-hour period of observation.

Mobile No. 2 bodies are mostly found in the

Fig 1 Tig: 3 J"'ig‘. 5

I 34

g2
Y

Fig. 14 g, 15

Plate 5, Key to drawings. Fig. 1. Blood red corpuscle, Fig.
2. Polymorphonuclear leukocyte. (These clements serve as
points of comparison to give an idea of the measurements of
the other clements; all diameters magnified [greatly].) Figs. 3
and 4. No. | bodies. Fig. 5. Ovoid intermediate body between
No. I and No. 2 bodies. Fig. 6. No. 2 body, motionless. Fig. 7.
No. 2 body with mobile peripheral filaments bulging at the free
end. Fig. 8. No. 2 body with mobile filaments grouped lateral-
ly. Fig. 9. Mobile filament freed from the body. Fig. 10.
Spherical body filled with mobile pigmented granules. /g, 71.
No. 3 body. Figs. 12 and /3. Distorted No. 3 body. Fig. 14,
Pigmented elements from the blood of a man who died of per-
nicious fever: (¢, o) elements similar 10 No. | body; (b, I, b")
clements similar to No. 3 bodies. Fig. 15. Elements from the
spleen of & man who died of pernicious fever: elements similar
to No. 3 bodies.
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blood of patients who have suffered a recurrence
of fever and who do not take quinine sulfate
regularly.

The very fact that the parasitic organisms above
described are found in an alkaline medium such as

blood leads one to think that the parasites are of

animal and not vegetable origin. The rapid and
very varied movements of the filaments of No. 2
bodies, as well as the modifications of form they
go through, lead the researcher to think of an
organism like an infusoria. Is it as I first thought.
an amocba, or could bodies No. | and No. 2 be
the result of an agglutination of cystlike parasites
formed by normal clements in the blood? Could
these parasites, fully developed, be the mobile
filaments of No. 2 bodies, that sometimes leave
the bodies to lead independent lives? This last
hypothesis scems to me the most probable one.
Once free, the mobile filaments are very much like
filariac; and several rescarchers, Hallier among
them, think filariac play an important part in the
pathology of swamp fevers. The small, mobile,
bright bodies, almost always present in the
preparations, may be the first phase of an evolu-
tion of an organism. Quite often, one of these lir-
tle bodies attaches itself to a red corpuscle and
makes the effort, if [ may say so, to penctrate into
the interior.

The important role played by the parasites
above described in the pathogenesis of swamp
fevers may be evaluated as follows:

(/) These parasites are found only in the blood
of patients suffering from malaria. 1t is fair to add
that they are not always found there but, since
only onc or two drops of blood are examined, it is
obvious that when the parasites are very scarce,
their presence is difficult to establish.
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(2) These parasites, while abundant in the blood
of patients who have suffered from the fever for
some time and who received no regular treatment,
vanish from the blood of those treated for a long
time with quinine sulfate, and who may be con-
sidered cured. Many of the patients | examined
had received quinine sulfate for several days, and
that could explain the high percentage of negative
results 1 obtained.

(3) In the blood cf patients who have died of
pernicious fever, one finds a great number of
pigmented elements that look very much like No.
3 bodies or, in rarer instances, No. 1 bodies. The
presence of these elements in capillaries of all
tissues and of all organs, particularly of the spleen
and liver, is characteristic of acute malarial infec-
tion. Fig. 14 shows pigmented bodies found in the
blood of a man who died of pernicious fever, and
Fig. 15, similar bodies found in spleen tissue in
another case of pernicious fever. The resemblance
of these bodices to those I described as No. I bodies
and No. 3 bodies, and whose parasitic nature |
believe to have established, is striking.

From where come these parasitic elements
found in the blood of malaria patients? How do
they get into the human system? How do they
cause intermittent fever and other signs of
malaria? Only now is one able to pose these im-
portant questions.

Conclusion

Parasitic clements are found in the blood of pa-
ticnts who are ill with malaria. Up to now, these
clements were thought incorrectly to be pigmented
leukocytes. The presence of these parasites in the
blood probably is the principal cause of malaria.
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THE INFECTIOUS DISEASES SOCIETY held its organizational meeting on October 26, 1963, at the Airlic House
in Warrenton, Virginia. For several years prior to this, there had been increasing interest in the formation
of such a society. A community of investigators interested in laboratory and clinical aspects of infectious
discases was becoming increasingly defined in many major academic centers. Ceriain of these investiga-
tors were meeting cach year at Atlantic City at an informal dinner club, und a similar group had begun to
meet for dinner and discussion at the tirie of the annual Interscience Conference on Antimicrobial Agents
and Chemotherapy. Finally a decision was made to explore various ways in which an organization could
be formed that would articulate the broad interests of those working in infectious discases. An Organiza-
tion Committee was formed and was charged with the responsibility of calling the first meeting, arranging
for scientific program, and nominating the first slate of officers. A number of pharmaceutical firms pro-
vided financial assistance.

The organization clearly has met an important need. Its growth, its relationship to national and inter-
national activities in infectious discase, its unusual and broad scientific programs, and its relationship to
the Interscience Conference have given the Society a unique and useful place in the ¢cademic and scien-
tific community. Its decision to constitute itself as a mecting place for scientists from all of the Americas
has also given it a potentially important role im unifying scientific activity in many neighboring countries.



