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Introduction to the Workshop 

The relationship betw.veen malnutrition and infec-
tion has received attention of late from nutrition-
ists, physicians, immunologists, public health pro-
fessionals, funding agencies, and governments, 
each of which has its own professional perspective 
as a bias. In Iact, evaluation of programs designed 
to improve the health of populations in developing 
countries, particularly tlie health of preschool 
children who are highly vulnerable to infectious 
diseases and experience considerable morbidity 
and mortality because of them, indicates that both 
reduction in in fection and improvement in nutri-
lion are required for optimal effects. Although an 
enormous proportion of tile world's population1 is 
infected by parasitic agents (frequently by several 
at the same time), parasitic diseases have oflten 
been lef't out of tle pictunrc inI favor of the acute 
bacterial and viral diarrheas and respiratory dis-
cases. Quantitative data that demonstrate tile imn-
portance of these latter diseases inthe malnut ri-
tion-iif'ection complex have been obtained, and 
programs of intervention have been developed. 
However, a similar orniulation for the various 
parasitic diseases has not been undertaken, even 
though modern chemotherapeutic agents off'er tile 
possibility of siccessful mass control for some in-
fections (those caused by 1s'caris lumhricoides, 
for example), and insecticides can be effectively 
used for others (nmalaria), at least for a time in 
some places, primarily because quantitative data 
lnking parasites and nutrition are lacking. In such 
a vacLum, governmental decisions may be made 
on a priori grounds and valuable resources wasted 
oti ill-conceived or low-priority programs. 

Because of tile explosive increase in our 
knowledge of' the biology, pathophysiology, and 
immunology of' the parasitic diseases and tile in-
itiation of' a number of' studies to determine their 
interaction with nutritional state, tile Sirbcomniit 
tee on Interactions of Nutrition and Iifection (of' 
tie Committee on International Nutrition Pro-
gratns, Food and Nutrition Board, U.S. National 
Academy of' Sciences-National Research Council) 
set Out to organize a workshop for the exploration 
of' "tile state of' tile art." The Subcornnui tee was 
joined in this efort by t le Subcommittee on 
Nutritional F ffects of' Irfection (of' the Committee 
on Nutrition and Inf'ection, International Union 
of Nutritional Sciences) arid tle resulting Work-

shop on Interaction of Nutrition and Parasitic 
Diseases was convened at the Rockefeller Founda
lion Conference and Study Center, Villa Serbel
loni, Bellagio, Italy, September 27-October 1, 
1980. 

II addition to producing an up-to-date surn
mary of knowledge, the Workshop hoped to ex
plore a fundamental health policy issue - whether 
there was a rationale for control of the infections 
1under coi)sideration that would be distinct from 
tile direct benel'it of reducing acute and chronic 
diseases-a rationale based on nutritional bene
fits. Several questions were thus posed. Was a niu-
Iritional gain expected from coitrol of asymp
tomatic or mild ascariasis or schistosomiasis? Did 
asyniptoniatic in fections alter host-nutrient re
quirements? Would programs to control parasites 
improve nutrition, and, if so, how much? How 
could control be accomplished? And finally, what 
do \e need to know to assign priorities and to 
answer tlie practical, operational questions that 
f'ollow? 

Tile meeting was jointly supported by tile 
United Nations University (World -lnger Pro
gramme), The Fogarty International Center, Na
tional Institute of Allergy and Inf'ectioLs Diseases, 
National Cancer Institute, and National Institute 
of' Arthritis, Diabetes, and Digestive and Kidney 
Diseases of the U.S. National Institutes of Health, 
and File Rockef'eller Foundation. Additional 
f'uniding was received from The Wellcome Trust, 
Merck Sharpe & [)oline, inc., Up.John Interna
tional, and Ross Laborator"es. File organizing 
committee expresses its gratitude t'or this generous 
assistance. 

Finally, the Chiairnivn wishes to personally 
thank his f'ellow committee members for their ma
jor contributions to the organization of' tile 
meeting: Dr. Nevin Schrinishaw, f'or his help in 
bringing it to f'ruition; Mrs. Wanda Chin-Coker, 
for her devoted administration of' the meeting; 
Miss Cyntlia Heim, 1or" loing iounrs of secretarial 
work; and Mr. Roberto Celli and the stafff' of the 
Villa Serbeloni, Bellagio, Italy, f'or their attentive 
care. 
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Functional Consequences of Malnutrition 

Doris Howes Calloway From the Department ofNutritional Sciences, 
University of California, Ihrkelei', California 

Human factors likely to be related to dietary intake and regarded as important across 
culties and tinie are disease response, reproductive competence, cognitive Function,
work output, and social and behavioral habits. Functional failure in these domains is 
seen as having profound effecls on health and demography. Most investigalors xho 
have examined issues of food intake and humlan ftnction have accepted some indicator 
of an individual's body size as a measurc for italnutrilion. Anthropometric indicators, 
such as xxeivit/age, weight/heig'ir, or height/age, are most commotnly used. Unfor
tunately, body site ref'lects many other factors in addition to nialnutrition. Because 
food intake is seldom known, it is diflculh to estimate the anount of' variation in size 
due either to nutritlion or to other fa,:tors. The tacit asstniptioti is that, within a given
milieu, conditioning 'a-tory are reasonably constant and that differences in size not at
tribulable to conditioning factors are due to differences in intake of nttriets. Thus, 
persons of larger SlaUtre gelie raily appear to f llCtioll better than persons of smaller 
stature, with respect to reprodtci\ e Zatd (diseasecolnpetencies, work performance, and 
cognitive ability. Fvidence froli studies ill hunars also shows that food deprivation af
fects abililY tOcroduce healthy babies, physical performance, inental attitude, arid 
disease experience, irrespective of body size. Comlunnities that have evolved under colt
ditions of rectrrent scar,:ity \%ill have de\cloped and wt wha: .- 'c seen :o be !he 
lowest-risk strategies for coping withh lhe immiediate and longer-range problems of sur
vival. Because the cost of I'ailure is perceived to be high, there will be pressure against in
n1o, alioll. This lendency Io avoid risk-taking, in turn, tnay be among the grave effects of 
Ciroiuic Iod deprivation, even when deprivation is Iot severe. 

Nutritionists traditionally view questions about 
nutrition in terms of a model in which intake of a 
nutrient causes a comnensurate status that is de-
finable and quantifiable in terms of certaiin 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 
elucidate the ftunction of the 40-50 nutrients re-
quired by mammals. 

Observations 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), dietary (bioavailability), climatic 
(heat), genetic (lactase deficiency), occupational 
(heavy work), or environmental (disease vectors), 
These factors alter tile dietary requirement for a 

Please aditress requests for reprints to Dr. Doris lowes 
Callowa., Chancellor's Office, 2(X) California Hall, University
of California, Berkeley, Ca!ifornia 94720. 

nuirient by changing absolute tissue demand, ab
sorption, loss, or the like. According to this 
model, the requirement for the nuttient 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 miutrient. if parasitism is 
endemic and will remain so, the recommended in
take of tie 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 researchers now refer to these as 
functional indicators (rather than clinical signs) to 
differentiate them fromn the anthropornetric and 
biochemical measureilents that indicate tissue 
status but have limited power 1o predict the risk of 
failure of art essential or desirable function. The 
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737 FunctionalConsequences ofMalnutrition 

finding of an unsatisfactory lunctional 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 tpg/dl, for example. 

The functions of intercfnt and degree of c( icern 
vary because they are culturally and circumstan-
tially determined. A workshop conducted by the 
NationAl Academy of Sciences (United States) [2] 
identified five areas of competency likely to be re-
lated to dietary intake and to be regarded as im-
portant across cultures and time- disease response, 
reproductive competence, cognitive function, 
work output, and social and behavioral function. 
In most societies, the range of concern would ex
tend to the retention of intact function beyond 
adulthood, i.e., to the duration of productive 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' hunan activity and its material conse-
quences, and as having even 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 
may not apply in socialist countries, but docunen-
tation is lacking.) Food distribution has also been 
used as a political measure, to keep down urban 
unrest [3]. Perceived 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, e.g., 
the iodization of salt or nutritional education 
within established school programs, cost very little 
and arc usually adopted where appropriate, ir-
respective of dlemonstrated 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 throug!out their lives. 

The prevalent stance reflects the way nutrition-

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 some 
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 system. 

Throughout this article, the focus is on overall 
food deprivation and hence, primarily on energy 
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 nd Function 

Several difficulties are encountered immediately in 
any attempt to establish the linkage between nutri
tion and function. The first is the identification of 
those whose function may be impaired because of 
inadequate intake of food. Generally, two types of 
information are used to determine who is or is 
likely to be malnouished: 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 limitation. National data on food disap
pearance are not reliable estimates of consump
tion, nor are they valid indicators of malnourish
ment, because rood is not distributed uniformly 
among people. Adju stment of national average 
figures according to income distrihution improves 
the estimate of populations at risk, but the ques
tion of the reliability of the basic data remains [4]. 
Intakes of individuals and households have not 
often been measured over long period.; of time or 
at regular intervals over time. The present 
methods of assessing food iiitake 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 dietary standards is not sufficietIt 
proof of' individual states of nut;ition. As in
dividnal 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 
conmmonly used indicators if insufficient total 
food intake are anthroponietric ones (wcight/age, 
weight/height, licight/age). Unfortunately, body 
size is an aggregate reflection of heredity as well as 
all previous life experiences, including in f',ction, 
exposure to toxicants, and inattention and neglect, 
as welt as nutrit;on. Thus, because food intake is 
almost never known, the amount of variation in 
size due either to nutrition or to otIeICr condition-
ing factors cannot te estimated. The tacit assump-
tion is that, within a given milieu, conditioning 
factors are reasonably consiant, and tile remain-
ing differences in size result from ftod 
deprivation. 

Illustrative of these difficulties are some longi-
tudinal studies of' very young children served by 
field health stations in Africa [6, 7] (see also [8] 
for Central American studies). In The Gambia, 
where marasmnus is the typical manifestation of 
malnutrition, mean v eight gain was 98 g per
month between ages 0.6 and 3.0 years (mean, 1.62 
years), or 45o/0 of the expected rate of 220 g per 
month. Kwashiorkor predomiiiates in Uganda, 
where tile reported gain was 850/o of thc expected 
rate, or 185 g per month. Regression of 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 1;per n'ontli in The Gambia and -- 14 g 
per month in Uganda. Malaria was very detrinen-
tal to growth, bul because of its far lower preva-
lence, the effect on growth was only -- 8 to - 9 g 
per month. Giardiasis was a significant factor only 
in The Gambia ( - 7 g per mont hi), and lielnint hic 
infections had no significant effect in eit her loca-
tion. Infection, including tile attendant witi-
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 seasonal differences iii the 
growth rate aid the pre alence of infection were 
allowed f'or ill tie statistical analysis, the contribu-
tion of gastroenleritis was reduced. The investiga-
tors believe that availability of f'ood 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 tile same associations hold for individual 
children as for lie group (i.e., a given child's 
growth falters during episodes of gastroenteritis 
[9]), and further analysis of their data may yield 
the information wanted. Resistance is generally 
considered far less likely to be affected by nutri
tional state than is response, but tile subject of 
host resistance warrants study. 

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

The Signiiance of Body Size 

All otler things being equal, persons of small 
stature should have a clear advantage in resource
limited societies. From this perspective, the limita
tion of' linear growth (stunting) can be viewed as 
an adaptive response ill 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 tile com
1on belief and experience of nutritionists, biolo
gists, and c!inicians 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 shoi stature has resulted 
f'rom low intakes of energy, even in privileged cir
cumrstances; in these children, growth was shown 
to accelerate with increased intake et" food [11]. 

Experimentally, whethe,' 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. 



739 Functional Consequences of Malnutrition 

at a particularly critical stage (e.g., during the given socioeconomic group, and food intake dur
fourth to seventh month of fetal life in humans, ing pregnancy does affect birthweight. 
when the hypothalamic nuclei and tracts are being A woman's height can also affect her selection 
organized [121), catch-up growth usually occurs of a marital partner. Thomson [191 cites studies of 
and growth continues beyond the age at which it primigravidae showing that a woman's height is 
usually terminates in more generously fed associated with her occupation and the occupa
animals. British data indicate that early growth tions of her father and her husband; women who 
may be critical because children tend to remain in rose in social status through marriage tended to be 
the growth channel established by 18-24 months taller, and those who fell in status were shorter. 
of age [14]. 1IIhuman populations whose food in- English and American data indicate that unmar
take is chronically low, growth may continue into ried women are taller than married women of the 
the early 20s but, even so, adults rarely attain the same age with no children; mean maternal height 
height of similar people with larger food intake, varies inversely with the number of children. If 

iI the experimental models and in food- these trends are stable and universally true, selec
deprived htiman populations, a lag usually occurs tion processes favor women of average height; the 
in the attainment of physical, developmental tallest women are deselected for marriage, and the 
markers other than growth (dentition, sexual shortest women, although they bear the most 
maturation), but gross functional capacities are children, also have the poorest reproductive out
preserved. And, rather than being shortened, the comes. In modern Western cultures, obesity is also 
life-span of food-restric ted animals in a sheltered a deselection factor for marriage. Because deposi
environment is extended. tion of body Fat is I survival strategy, a bias 

On the other hand, smallness may be handicap- against fatness is unlikely ill cultures where 
ping. Bigger mothers do have bigger babies, and periods of food scarcity are the nore. 
the incidence of low birth weight (<2,500 g) is con- No comparable information relating to male 
siderably higher among babies of short mothers reproductive selection has been noted. Tall men 
[15, 16]. Babies with low birth weights have in- were probably preferred in the past, as being likely 
creased risk of' defcclive development and death. to be more successful hunters and warriors. But 
In fact, low b .rth veight has been found to be the because women tend to outnumber men and so 
main determinant of infant mortality when age, much of women's social identity is vested in mar
race, and socioeconomic conditions are taken into riage, any man's being rejected on the basis of 
account [17, 18]. The observation that perinatal height alone seems highly unlikely. 
mortality from all causes is inversely correlated Among adults of both sexes, the abilities to per
with maternal height led Thomson [191 to conclude f'orm physical and mental tasks are key deter
that "it looks as if stunting of growth, leading to ninants of a successful and satisfying life. An im
short stature ill adult life, causes impairnent of' portant distinction exists here between functional 
physiological ef'ficiency, as well a'-i physical ima- capacity and expressed function. If'work produc
pairnIeent, so that tihe baby is more likely to suffer tivity is the measure of' interest, for example,
from defective development during early fetal lif'e, physiologic work capacity, consumable energy 
growth retardation tip to the time of birth, "Andini- (food or reserves), and the availability of employ
paired vitality .... " Further studies showed that ment are all necessary preconditions. 
this relationship holds within all socioeconomic The capacity for physical work depends on the 
classes. Thomson [19] uncomnfortably acknowl- amount of lean body mass and muscle mass and 
edged that women who are genelically short oil oxygen transport capacity. Because taller peo

are on the whole less efficient at reproduc- pie tend to have larger lean body mass, their per
tion. . . ." In reaching this conclusion, however, formance capacity tends also to be greater. This 
Thomson reflects a bias in assuming that the correlation is borne out both by an analysis of 
height of women of' upper economic classes is Olympic performances that showed tall athletes io 
limited only by genetics, and that heighl and birth- have a distinct advanta.ge inl most events [20], and 
\weight are related through inherent physiologi- by standardized work tests of control and under
cal/physical processes. It is possible, even likely, sized Colombian men [21]. Among the Colombian 
that short women eat less than tall women within a 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 lovland area of Nepal found a positive as-
sociation between performance capacity (maximal 
oxygen uptake) and weight in nMdigenes and recent 
migrants from the Lower Himalayas and revealed 
a negative association between capacity for work 
and skinfold thickness (fatness) among the 
migrants [221. After controlling for weight, tie re-
searchers found no significant effects of any other 
morphologic characteristic in the migrants. In the 
indigenous people, however, stature, leg length, 
and surface area remained strongly associated 
with work capacity. Among the migrants (recent 
and ficst generation residents), performance 
capacity declined with duration of residence in the 
jungle, and both groups of migrants performed 
less well than tle indigenous people when weight 
and staturC were controlled. Clearly, factors other 
than morphology are involved. Training, food in-
take, and malaria are 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 
examtried separately. Other components of' per-
formance, such as dexterity, balance, and eye-
hand coordination, have received little attention. 

Bliss and Stern [26] have taken a different 

analytical approach in dealing with lthe 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 perforniance (defined as a maximal 
number of feasible tasks), and the analytical ques-
tion posed was to relate that frontier to intake of 
energy. The developmnent of a rational model re-
quired the concep! of' a minimal body weight 
necessary to achieve the frontier. The model could 
be, but has not yet been, tested empirically. 

Cognitive abilities are unquestionably required 
for all aspects of life, as well as for many work 
tasks. It is only inrecent 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 

Callo 

been found in retrospective studies of previously 
malnourished humans, but generally the findings
reach significance only for those who have been 
severely or repeatedly malnourisled in early life. 
In these survivors of marasmus and kwashiorkor, 
the effects of 'ie various environmental assaults 
cannot be separated, nor can a value be assigned 
to either 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 [281. Older literature, involv
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 [291. 

The literature relating the body size of children 
to morbidity and mortality shows clearly and uni
formly that in an unsanitary environment tile 
smallest children are the most vulnerable. For ex
ample, in a prospective study of one- to two-year
old children in Bangladesh [30], tile mortality rate 
of the lowest decile, according to initial weight
for-age or height-for-age, was about four times 
tie 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 imnimune 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 Research stall
dard), those with mild to moderate malnutrition 
(weight-for-age was 60'-80%of standard) showed 
impaired leukocyte phagocytic function. In more 
seriously deprived children (weight-for-age, <600 

of standard), both phagocytic function and cell
miediated immune response \yere 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 about five years old were 
reexamined at ages 13-15 ;or 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: 
normal (within 2 st of tne mean), mild protein-en-
ergy malnutrition (>2 but <3 SD below mean), 
moderate protein-energy malnutrition (>3 but <4 
SD below mean), and severe protein-energy malnu-
trition (>4 SD below mean). A fifth group was 
made up of individuals from groups 2, 3, and 4 
who had suffered from kwashiorkor or marasmus 
during early 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 beetr in five-year 
olds, but the difference between groCups was main-
tained. Regarding inniunologic stttus, 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 
ly'nphocytes and the rate of -H-thynidine incor-
poration were significantly lower in children of 
group 4 than in normal children, a fact indicating 
that cell-mediated immune response is impaired itt 
chronic severe malnutrition. Values in children 
with mild and moderate protein-energy malutri-
tion were essentially normal. In 15 children who 
had kwashiorkor before tile age of five, numbers 
of T cells were considerably lower, while no such 
reduction 'as seen in 10 children who had had 
marasmus. Counts of B lymphocytes were normal 
itl all tile groups except those Who had suffered 
earlier from kwashiorkor. Serun illmunoglobtlin 

levels were sinilar in all five groups of children, 
and the responses to diphtheria and tetanus all-
tigens were satisfactory and similar in all groups. 
These results support conclusions drawn from 
earlier work [31] that immune status is impaired in 
severe malnutrition. 

To miy knowledge, no studies of the relationship 
between adult height and experience with infec-
tious disease have been done. While modern litera-
ture is replete with evidence concerning the perils 
of obesity as rcgards degenerative diseases, rela-
tively little ,.tt -nion has been paid to chronic 
underweipht, short of anorexia, in the postanti-
biotic era in Western countries. In the past, it was 
recognized that thin people were more likely than 

normal or plump ones to succumb to infectious 
diseases. There is now ample evidence that chronic 
severe undernutrition, due usually to malabsorp
'ion ir- injury, results in depressed immune func
tion of hospitalized patients and that this function 
can be restored by adequate feeding. 

Chen et al. [301 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 imoroved 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 hlan,, the view that bigger i,; better 
is not universally accepted. South African investi
gators, for example, are not convinced that "qual
itN of life" differs between lighter and heavier or 
slower- and faster-growing (tile designations are 
used interchangeably by these authors) black 
schoolchildren, although their quality of life is 
clearly different from that of' the white popula
tion 2 [33]. The measures compared within the 
black population were tile prevalence of schisloso
miasis and ascariasis, attentciiice at school, a 
12-min walk-run test, and hematologic indexes. 
These investigators used school attendance as the 
most persuasive argument, stating that 

Atthougt education for blacks in South Africa is not 

compulsory, of those enrolled, the percentage attendance 

per diem is invariably high, 95-980/. Such data are much 
the same as those for \hite schoolcthildren. Furthermore, 
absenteeism among black children is due more oftel to 
fatmily reasons than to sickness.... Perhaps the llost tel
iing observatior is that in rural areas, especially in remote 

parts, a 'high proportion of black children walk very long 

distances to attend sctool; tiany walk 10 to 15 km a day. 

Among such childmen, school attendance is very little af

fected by bad weather. We insist that this performance, 
which we have adequately verified, cannot be reconciled 
witti tihe situatio whereby a high proportion of these 
children are labelled as n:,!,ourishcd specificially on ac

couM of non-conipliance with growth standards ... 

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

While improvements in diet are taking place in measure 

atnong the world's developing and less privileged popula-

See Appendix. 
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tions, in the not so distant future population growth will well. The men became apathetic, had difficulty
certainly exceed food supplies. It has been stated that "be.- concentrating, lost libido, and were less active 
tweer 1969-71 and 1985 Africa's food demand would rise concatingUlotulibido, ad ee lesaciveby 76% and her food production by only 45%." I cotnse- physically. Unfortunately, these behavioral 
quence, ultimately, there will be greater reliance on plant responses were not documented fully in either sources of nutrients, as is already the case wiih the bulk of S;tudy. In general, animals will exhaust their rvper-Ihe world's population. Ilence, the defining of adequate toire of behavioral adjustnent before the fullgrewth, coa.sistenl with ntv'.'ronmiental cilct.'i tanes, inf ,range of physiologic adaptation is activated; in 
ternis of current and future ealth 'inioitg such popula- hunans, however, the behavioral responses to
tions, as urged above, takes on crucial importance. It ispreposterous to regard the acquirina of this knowledge as food deprivation may have the more lasting func
an "academic exercise," is Iahichlt et al. lLancet 1:611, tional outcomes. .,19741 itaintain. lurtherniore, it IttSi be alplrecialed thnat Field observations are entirely consistent withthe nced for this ifornation i intensified by () a lack of tile evidence froin these classic studies. For exam
k owledge of desirable mlasses of adtilts si nce \\ erE 
nortns for body mass are nit)[ optifnid, and (2) the fact tl pIe, European iiers whose rations were severelyat 50 years aid thereafter, Soith Atican blacks withlttir Cut lost weight; they continued to perform underlower preValecnCes of degCerani've diseasCs conIpCaret \Ni' the incentive of wartime defense needs, but tilewhites,ase higer stirsival IaICs. [Walker, A. R. '. tonnage of coal mined tell [37]. Victims of famine,Poitgrad.,M'd. .. 50:29, 19741" prisoners of war, and those in concentration 

This issue of longevity is an interesting one in 'hat camps finally become apathetic and listless,
tile observation accords with findings Ifron tile cx- broken in body and spirit [38].

perinlctal underleeding of animals. We, 
 of Food supplementation is the other experimentalcourse, cannot know whetlher black South Africani mode used to illuminate the significance ofsurvivors are simply Ihe hardiest of those born, malnutrition. The studies usually are intended tothe weaker ones having been unable to withstand serve dual purposes, i.e., to constitute ati experi
the quality of their lives, or if their probabic ment and to give direction and impetus to govern
chronic underf ceding is a relevant factor. mental preventive and remedial nutrition pro

grams. As experiments, most of these studies pro-
Empirical Evidence vidcd at least some proof of the benefit of feedingthe malnourished, as measured by such criteria as 
Scientists, for the most part, are unwilling to rest the birth weight of infants, children's growth, and
the caxe for nutrition on tihe ambiguous evidence the physical work capacity of adults. For policyprovided by tile acts of nature reviewed above. and planning purposes, the studies were less than 
For some, the only acceptable proof cone.. lrom effective,
intentional expcrinientalion. Allhouglh much of These intervention experiments are often

this work has bcen less than satisfactory, there is criticized, sometimes because the design would
 
no serious discrepancy betwen the tvo lines of 
 have been inadequate under even the best of' cir
evidence. 
 cumllStanCes, but often because the investigatorsDeprivational studie. have been experinenlally did not appreciate the full, possible range of
the cleanesl. Bctedi,:l's studies at the Carnegie human responses. Successful intervention requires
Laboratory involved tuale college students who a different view of and approach to nutrition 
were free to continue their usual activities while questions, a view and approach that take account
eating a normal diet but restricted to about of' how people conduct t heir lives. For our eff'orts
1,600-1,800 kcal per day [35]. lin the Minnesota to af'f'ect policies and programs, we must ask dif
experiment, Keys el al. f361 studied conscientious tcrent questions in different ways.
objectors coifined and f'or 24 weeks given a "semi
starvation" diet Iypical of reduced wart ime rat ions Thle Nutrition Factor: A Construct
in EuLrope; Ihis recinien supplied -1,600 kcal perday. Bolh groups of' invesligators found Ihl ex- Food deprivation is unquestionably tile most per
peted physiologic :"daptation to energy restriction vasive problem among hunankind. Perhaps it has(loss of weight, reduced basal metabolic rate, always been so, and much of' the way humans 
diminished pcrfortnance capacity) and imporlanl 
attittUdinal changes and I ehavioral adaptation as 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 likely to be the outcomes of' 
food deprivation as the cause of it. 

To aggregate and quantify food deprivation, we 
must think in terms of energy and, especially, 
recall that ,he need for energy has priority over all 
other nutritional needs. The amount of energy re-
quired is largely a function oflthe level of physical 
activity. When energy intake is less than is needed 
to carry 0111 requi red activitie,;, cnergiy may be ob-
tained from tissue reserves (within physiologic 
li[lits) or by the elimination of activities that are, 
or are seen to be, discretionary. This type of be-
havioral adaptation to deficient intake occurs even 
inl those who have adequate or excessive tissue 
stores [40, 411. Logic suggests that the extent to 
which activity falls dui ring food deprivation must 
be determined by sonic more or less conscious 
overlay of, a physiologic regulatory process. 

If the work demanded under conditions of defi-
cient intake is critical to survival, tile limits of 
behavioral adjust mncit would be reached and 
tissue would be consumed tintil tle destruction of 
lean mass iendered further work impossible. In 
this situation, persons who have larger reserves of 
fat and lean tissue and are tile most adept at 
regulating their behavior are tle ones who will sur-
vive. This situation exists in some subsistence 
farming communities where there is a seasonal 
loss of body mass dtiring the hnliiigrv period, 
before the crops are read, to harvest. 

Families who live inthis setting mtust be eff'i-
cient managers and strategists. They must be good 
at predicting the tOme and quality of' harvest and in 
balancing the remainiug food reserves against the 
forseein needs of familv members and other 
denands and obligations. Families must iiake 
hmrd dZcisiuns abotit the expendability of what-
ever resources they have (tinie, labor, goods, and, 
in the extreie, peisoils). Even in situations where 
vonen do [iot usually work intile fields, they may 

at a critical stave 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 inrcreasinrgly less safe to cam, 
and the yotmger ones may be left inthe care of 
older children who, because ihey are at a less ad-

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 sees the 
hierarchy of' needs and demands), the apparent 
anolmaly of people being underfed when food is 
available to the household (stored grain or cassava 
in the ground, perhaps), and low standards of' 
hygiene (expressed as gastroenteritis, parasitism, 
etc). In this case, malnt rition of children is to 
some extent due to their own low intake, but more 
directly to the way their parents deal with the 
recurring problem of food deprivation. And if the 
food deprivation of' parents is severe, their inabili
tlto provide adequate :;ubsistence for the family 
and to care for its members is the final malfunc
tion ensuing f'rom malnutrition.' 
Communities that cvolved tinder conditions of 

recurrent scarcily have developed and accepted 
what they view as tile tile lowest-risk strategies for 
coping withIle immediate and longer range prob
leiMis of suirvival. Family structure and members' 
roles will follow those strategies, and over lime be
haviors appropriate to those roles became the cul
tiral iioriii. Because tile cost of failure is perceived 
to be high, there is pressure against innovation. 
This tendency to avoid risk-taking may be among 
the higher costs of chronic food deprivation, even 
where the deprivation is not severe. 

Disparily in tlie aniouit of food available to 
families within a community undoubtedly also 
alters relationships among people. Others' htmnger 
may be seen as a threat to one's own security; 
cultures have evolved various ways of' dealing \kith 
[his ihreat. One is to segregate the affected ones 
ideologically as a class or caste whose dept ivation 
is fated. Other ways are schienies for redistribution 
ranging fron cust oIs of marriage and deathIto 
philanthropy and taxation. 

To address tlese societal concerns effectively re
quires a iew conceptualization of the problems of' 
nutrition. Tliis is not to deny the worth of basic 
science, of nieticulous biochemical and biophysi
cal studies of parts of cells, organ systens, and 
eveii people; scope exists for all of these. Btt vir
mually nothing that tile scientific coinintiii ity has 
discovered about nutrition in this century has al-

See Appendix. 
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lered the prevalence or severity of tile dominant low maternal efficiency was a factor (52%) as in
forms of' malnutrition. We know a great deal the group as a whole. During the first six monthsabout protein-energy malnutrition, alhost every- of life, the growth of these children was not dis
thing in fact, except what causes it, how to prevent criminably different frum that of tile others.
it, and what it costs society not to do so. There were 12 mentally retarded children in the 

series, and in 10 of' them there was no identified
Appendix cause; of these 10, three had overt malnutrition, 

' These investigators [6, 71 observed that stan- five had mothers with low efficiency, and one was 
dard curative medical care (reported as equivalent an orphan. 
to lhat of the British Nationa! Health Service) was Some evidence indicates that performance may
not noticeably effective in dealing with tie e imnpaired by missed icals 139]. Not all studies
infection-induced growth failure in these settings. hve found these effects, but the point is worth 
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evidence of' fecal contamination (depth of vells It is well to bear il mind that a cross-country 
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Synergism and Antagonism of Parasitic Diseases and Malnutrition 
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MalNril nition may appear to increase or decrease [he severity of a parasitic disease, but 
the undanietial mechanisnms ihat influencc such synergistic or antagonistic redation 
ships have yet to be identilicd. Several factors must be considered in art evaluation of 
possible synergistic or antagonistic relatioaiships. They include tie species and virulerce 
of tire parasite; the rntritional requirements of lie parasite; :hir';everity, duration, and 
type of nialnulritiotl in the host; and lastly, the colipeleicc of illillitili illeclairisits and 
other resistancce [actors iil tile iost. leca use the imlimiinte systei may be impaired by
tialmluritiot, fails 1o provide proteciot against most parasitic infecliols, and has 1 
ktlown propernsity tor prodIcitrg hi rutftlI as well as benefticial responses, lie iniiitino
logical I'lnctions of tie host are undoubtedly key idicators of' whether malnutLitionr 
will cause air iricrease or a decrease in tile severity of i parasitic disease. 

As with other intfeclious diseases, a complex three-
sided i iterrelatioriship appears to ,. k parasitic 
diseases with both tle nutritional siattus of, (lie 
host and tile tuctiOns of the iirinunle system (Fig-
tire 1). Because of its 'tidainent al ini plications, 
this concept -thlit tialtitutt io has art importnlt 
impact ott tile susceptibility ald resislatice of tile 
host -was iricluIded for discussion ill the initial 
session of ihis Workshop. N triiional deficits, im-
balances, alid Cvell excesses can impair Ilhe Iuic-
tiotral cotirpetence of' ite irirtile systeii [I J1.Both 
the itritional stalts anrd the inIiiutiitologic re-
sponsivenc.s of the host appear to exert, by yet
ticertail itiecliart i sins, art enhancing or Suppress-
ing eflcc on tie patllogernic progressiot ofa para-
sitic disease; itt trie opposite direction, a parasitic 
disease can aller bot ihe niiritional and inintilIo-
logic starit; of the host. 

The Concept of Synergism and Antagonism 

Inl at World Healthi Orgarni.tiol (WHO) I010-

graph published 12 years ago, S,:rimshaw, Taylor, 
and Gordot 12] made a detailed attempt to Cate-
gorize the apparelt changes in Ihe severity of an 
infeclious disease process it a ",uritionally de-
prived host. They -eviewed a large iLInlber of ear-

[lie vicrs of tile r trll ile po i-tohd putlptrl to reflect 
lions of lite I)eprrtient of tihe ,riiv or ire I)ep oirnci ofI)-
I'ense (Ilara. 4-3, AR 360- 5).

Ilease address reqest s I )r. Willialrm R. lcickl,Icir reprjinls 
U.S. Arrry Medical Rr'serach Isrtiric of Iriffectious Diseaes, 
Fort Derrick, Frcd,'rick, Maryland 21701 

ly descriptive studies in aninmals or man and found 
that preexisting malnutrition did not always in
crease tile severity of' disease. II 325 studies, 
m1allltrilion enhanced tile severity of infection. 
However, in 93 sttdies the infection was less se
vere in the presence of nialnilutritioi, and in 66 
studies [lie preselice of a nulritiolal deficiency 
rirade no apparent difteerence. 

These ant hors defitied synergistic interaction as 
oe iii which preexisting nalnutrition 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 iii al incctiots process that was less 
severe in a mlnourished host than in one wilh 
nornial nutrition.I if'ectiotis in itimians wvere often 
made worse by preexisting malnutrition and near
ly always increased the tiagnittide of' any co
existing nutritional deficits. 

Examples of Synergism and Antagonism 

Synergistic or antagonistic relationships appeared 
to be influenced iii animals by ilie nattre of the in
F'eciiotis process, as well as by the type and degree 
of' lialnutrition. Most bacterial diseases (83o) 
were made warse by concurrent malltrition, but, 
ilt contrast, the nitimber of viral infections with re
duced severity equalled IIe numiltner wilh ill,.reased 
severity ill nialnoturished individLals 121. 'File para

sitic diseases apr)peared to f'all into art intermediate 
position i1 this type of evahlation, with a 63/0 ill
cidence of synergistic interactions being a.botlt 
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NUTRITIONAL 
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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 diseases. 

Total starvation in combination with experi-
mentally induced parasitic infections in laboratory 
animals led to some synergistic or antagonistic 
interactions [21, but no pattern emerged to indi-
cate that the type of interaction was influenced by 
(he species of either parasite or host. Mutinutrient 
deficiencies in laboratory anima!s seemed to wor
sen protozoan infections; but ,vith helminthic in
fections in rodent,,, equal number of synergistic 

and antagonistic interactions were reported. 
States of protein deficiency almost always led to 

synergistic worsening of helhmhinhic infestations, 

but showed only inconsistent effects on protozoan 
infections. Infection with L'itneriia tenellu it,chick-
ens and infections with Plamundium her'ghei or 
Trt'lnosotn tttlWheIt.se in rats were less severe in 
protein-deficient animals. A cestode infection dule 
to Ilynicnoh'lepis tmt also showed an ant agonis-
tic interaction with protein deficiency inmice. Entli-
vocal fin dings were noled in protein-cleficient m ice 
challenged with Schistosoinamansoni 121. 

Deficiencies of sitamin A enhanced severity of 
most types of parastic disease, but parasit emia 
was alleviated inchickens with induced malaria. 
After being given a large (lose of Trichine/h, lar-
vae, rats deficient invitamin Ilhad lower inuscle 
parasite counts than did controls [2]. J'hsnodiiin 
kmwhsi counts intlitblood of monkeys deficient 
invitamin C \cre lower ihan intlheblood of con- 

trots, and an overwhelming increase inthe para-


site count of the red cells followed ascorbic acid 
repletion. 

Deficiencies of isolated B vitamins also produced 
inconsistent patterns of antagonistic or synergistic 
interactions with a large variety of experimental 
parasitic diseases [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, espc-ially during ex
perimental malarias. In comparison with other 
B-group vitamins, a deficiency of pyridoxine is 
known to lead to the most profound abnormalities 
inboth the histology and the function of lymphoid 

organs [I]. Despite any accompanying immune 
system dysfunction, a deficiency of pyridoxine 
also produced a seemingly patternless array of 
either synergistic or antagonistic effects during a 
variety of other experimental parasitic diseases. 

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 monopraph 
[21 did much to solidify concepts about the occur
rence of synergistic and antagonistic interactions, 
itw'as 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 disease or defi
ciencies of individual nutrients. Clearly, tle avail
able evident.! is nlot strong enough to certify the 
existence of a cause-and-effect relationship be
thveen states of' malnutrition and the severity of 
parasitic infections. At [lie other extreme, the 
designation of a synergistic or antagonistic rela
tionship may merely reflect a very wide scattcring 
in published old data. Few ifany of the older 
studies were adequately designed to test tile hy
pothesis that malnutrition worsens (or lessens) the 
severii, of ai induced parasitic disease. Further-
Illore, since tie WHO monograph preceded the 
virtual eruptions inimmunologic knowledge and 
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molecular biology that have characterized the past 
decade, future investigations must seek out the 
mechanistic explanations for observed events. 

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 cx-
cesses have either a synergistic or an antagonistic 
effect on parasitic diseases. The number ofuncon-
trollable variables is overwhelmingly large in 
human disease. Under naturally occurring circumn-
stances, parasitic infections rarely occur as iso-
lated events. Polyparasitism is common; initially 
inlecting doses of parasites are not measurable; 
exposures are typically recurrent o cominuing; 
and infections are usually chronic. Nutritional de-
ficiencies inman are equally complex in teriis of 
their severity, duration, and multiplicity and are 
generally influenced by coexisting bacterial or 
viral infections. 

Withi respect to intestinal parasites, little is 
known about the effects of local variables tham 
iay be perI t'ien t, such as the role of the fiber con-
ent, cluantity, aid variety of' ingested 'clods, the 

effects of the normal microhial flora of tle gut, or 
the effects of other intestinal pathogens. Intestinal 
viral iifect ions often occur ill children harborimg 
multiple parasites; hvw.'ever, no in formation is 
available about how such ,viral infections might in-
fluCice a parasitic process, or vice versa. Possible 
effects oilparasitic diseases arc equally uncertain 
with respect to intestinal infections caused by in-
vasive or toxigenic bcterial pathogens. 

Inieractions may also develop arnong coexisting 
parasitic infections. Nlurray cl al. f3, 41 suggested
[hat interactions iay occur during malaria and as-
cariasis if both infections are presen in minimally 
iial minourishiecl clhildren . Their studies were con-
ducled on two neighborinr islands of'tile Cortioros 
archipelago illn tle Irdian Oceal. Children of An-
Jouran were heavilv infeclcd (93% of 632 children, 
rangimig t'rol two tIo 14 years of age) wit h .Iscuri.s 
umnhricoi(h,.s hit were relatively free of malaria 

(I.7%10), while 237 children on (rand Corlolre 
Siowed a 271 incidence of malaria and a much 
lower (i.e., 24%) incidence of ascariasis, mostly 
without heavy wormIburdens 131. The dictary 
habits of both groups were similar, arid the on ly 
other detectable parasites included small numbers 
of ova of Trichiuris or Tricoceplahns, 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 wer.' treated with piperazinc, more than 
halt' of thern developed malaria (lue to either 
Plasinodium vivax or Plasmodiutm falcilparum 
within six to 14 days [4]. Only one of 23 children 
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 osurvival of the 
host and tile t\\o parasites [4]. On tile other hand, 
these descrihtive studies have been criticized [5] on 
several grounds, including tile failure to adequate
ly define tlie naturc and magnitude of tile chil
dren's malnutrition or to show that tile /Iscaris 
had, infact, been cleared by tile therapy. Never
tlieless, the observations raise interesting ques
tions about the nature of any interrelationships 
.U11io1g different types of parasitic diseases in the 
same host. 

Effects of Parasite, on the Nutrition of the -ost 
The influence o" parasitic diseases on the nutri
tional status of' the host inust also be considered. 
This in fluence may be virtually nil inasymptoma
tic patients with relatively small parasite burdens 
or it may reach life-threatening proportions in tin
treated, severe malaria [6, 7]. As an acute febrile 
illness, malaria resembles other generalized acute 
infections of bacterial, viral, or rickettsial origin 
in many of it.,metabolic -nd mntritional sequellae
[8]. As in other generalized infections, nitrogen 
balance becomes negative [6, 7]; there is increased 
urinary excretion of' nitrogenous compounds and 
diazo- reactants; plasma albumiin and tlie A/G 
ratio are decreased; and acute-phase reactant pro
teins are produced il excess by the liver [8]. 
However, malaria is unlike other generalized in
fections inseveral unique ways. The proliferation 
of' parasites requires tile availability within red 
blood cells of amino acids and all other substrates 
necded for organism replication; the content of' 
various amino acids is, iii fact, markedly increased 
within parasitized red blood cells [9, 10]. Further, 
iron released from red blood cells because of 
hiemolysis 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]. 1Ii malaria the 
intravascular release of hemoglobin is followed 
rapidly by the formation of henioglobin-haptoglo-
bin complexes; removal of these complexes 
through phagocytic uptake by reticuloendothelial 
cells leads, in turn, to a fall in plasma haploglobin 
values, rather than to the rise that characterizes 
other acute infections [11]. 

Parasitic diseases 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 171. The competition 
for available nutrients is best illustrated by tile re-
quirements of fish tapeworms for vitamin B,,, 
which can lead to the development of megaloblas-
tic anemia in the host [7, 12]. Furthe , tlie chronic 
nature of a parasitic disease can lead to progres-
sive, continuing malnutrition that may feed back 
to impair the competence of the itilinIne system 
and other systemic host defensive mechanisms, 
Such decrements can, in turn, reduce the abilities 
of' tile host to control the maIn utntiotion-iiitiating 
parasite. II short, a self-contained vicious cycle 
could emerge on the basis of a symptonmatic persis-
tent parasitic infection in a manner analogous to 
that seen during an untreated chronic bacterial 
disease such as tuberculosis. 

Nutrition-parasite interrelationships must also 
be ev aluaned in the reverse direction. Malaria may 
be considered an illustration in humarns of u anl-
tagonislic ini:eaction belween severe malruutrition 
and a parasitic disease. 13mring severe droughts, 
many starving African deserl nomnads, adults and 
children, were observed to have lo\\-grade riia-
laraI parasitci a, butll lallifesled rio sylnploins of 
illness [13, 14]. Refcedin of Nigerian Illollads 
with a whole-grain diet [131 and tle inclusion of 
oral ferrous sulfate therapy ima rel'eeding regirten 
inSomalia [141 were followed by an increase in 
iron concentrations in plasma, by near sat uat ion 
of tile iron-binding capacity of' plasna already 
lowered by malnuriiton, arid itt nuaruy patients, by 
allabrupt onsel of syrmplOllltic ialaria. The 
malaria becarie severe and was sonnetiites of thC 
cerebral variety with parasiles of ten present in 
more than half of the red blood cells 113, 141. One 
cannot determine fIron the published data 

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 defe':ive responses of the host became func
tional at different rates and, perhaps, in an un
balanced manner during the refeeding regimens. 

Effecs Caused ' m 

These concerns lead naturally to questions about 
the third major aspect of the three-sided interrela
tionship under discussion, i.e., how tie immune 
system responds to malnutrition, parasitic dis
eases, or both variables inlcombination. File ir
mu1e svsteni is highly complex, involving multiple 
cell-to-cell interactions, specific and nonspecific 
control signals, amplification capabilities, feed
back loops, and mnieory properties. Its highly 
adaptable responsiveness involves both its humnor
al and its cell-mediated arms, along with tie sup
porting activities of factors, such as complement, 
divalent cations, lymfphokines, phagocytic cells, 
and hormones. Although immune responses are 
directed toward specific antigenic targets, they do 
not always serve to protect tile host. ijimurne
mediated problems include tile development of 
allergies, anaphylactic or serum sickness reac
lions, 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 inadequacies of ira
nuile system competence [1]. Each aspect of tie 
immune system may respond to some form of 
malnutrition ilnr a different manner, and the 
delicately balanced jaleractions among immune 
system cotlmponent may be upsel. Although most 
of these acquired dysfunctions can be restored by 
cor:cction of tile initiating nialin urition, recovery 
of tie functions of different nuinine system corn
ponents may take place at different rates: thus, 
additional transient imbalances an'ydevelop dur
ing refeediing programs. These possibilities may 
account for some of tile apparent patterniless at
rays of syneigstic and antagonistic rcationships 
in ialnourished hosts. 

liltle is yet known about tie details of tie re
sponsiveness of the host imnmue system inparasi
tic diseases, and still less about the possible nutri
tional influences on these responses. lii his recent 
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Immune Responses in Parasitic Diseases. Part A: General Concepts 

Gerald 1'. Keusch Iront li',Divisiom o "(;('e0raphic Mhedicine, T7/iv-New 
'bnlandAl'dical (Ceter,Bio.ston, Ahl.ku(/iIIseI(s 

Parasitic infections are incredibly varied and distinct in terms of interaction-, between 
hosts and pathogens as well as in compl.xity of life cycle, host ragice, vector or in
terniediary host requirenlent s, forms of reproduct ion, and elicited rcsponse. A number 
of protozoan parasites are iniracellIlar pathogens capable of Isrviviinig aiid iiiitiplying 
within microbicidal cells such as macropiages. In contrast, icIi atodes generally do not 
multiply within the host, a trail that draiatically alters tlie epidemiAigic, clinical, arid 
immiiiologic consequences of in fection. Parasites have acqtuired apparently e ffectivse 
mechariisiiis for cscape fromnormlllal h!ost de!'ellses aniidcIcCaraice. Tlich ilecia asills 
may be classiftied as antigenic iiimicry, antigenic depletion, atligeiic variation, im
mu111 and iiiu a iologic sub'crsion. A dctcernologic indiffereiice, inimuiohgic divsersiol, 
milation of the importance aiicd relevance of these subterfuges< to parasitic intfection in 
huiiiaiis a icd to therapeutic or prophylactic strategics is of he 1tiiiot:, LrgCetucy. 

The outcotme of the eicounter beween a palho- maiiiiii alian hosts. IiIstcad of' the simple division 
genic lliicroori2ailisll aitd a tnaiiialiaii host of the imilmiue response into humoral and cellular 
depetids on many faclors. These include Ilie size of arms that was once accepted, there exists a multi
tle iloculh ti (inletious dcose), the state of innate plicity of soluble factors and cell popuilations and 
or niatural resistance (whetier of spelcific imiiutle subpopulations, each wili regulatory atld modula
nature or iionspecif'ic nature), the imltiplication tory controls. These f'actors and cell types interact 
rate of tlie patiiogeii withinI lie host. lie iiiobiliza- with oiie atolher in sometines mysteriocIs ways, 
lion of host clefeiiscs to meel tile challenge ind tile largely thbrough signals received at tie cell surface. 
ability of' tile orainism to iultiply or oserconie Thus, the complexity stems not only from the 
these protective host responses, and the virtilcr'ce large nuniber of' distinctive components involved, 
factors possessCed by' the iiivader. bct also f'om tle fact that various types of' coop-

Playfair Il] has recently categorized the events eration may be required to perform difl'erent 
in parasitic infections into six levels of. interaction imnitattiiologic tasks (o, specific reactions, as ica
(table I). The limit ledsuccess in the devlopment sured in syslems it; vitro). Moreover, from a clini
of ef'f'ective vaccities against most of' these agents cal point o' view, tile system i!; redundant; several 
cali be attributed not only to those features of' tile responses may individually produce significant 
host-pathogen interaction that permit coliticuing protectioti. Oi tie other hiand, a surmation of* ef
infection in the "iinitine host," bit in iany in- fect s f'rom di!'eren: effector mechanisms may well 
stances also to features that circumvent, modu- be essential to an adequate host response. "Experi
late, or turni off tle imtneiiu response [2]. A hum- ments-of'-nature" imii Imutiodeficiencies provide ex
ber of' recent papers have reviewed these problems amples of these principles.
[1-6]. The purpose of' this paper is to provide a Clear, quantitative relationships also exist be
conceptual f'ratnework for an tiderslanding of tween immune I'ttictions, as assayed in isolated 
the tiniqtmetness of' parasitic inf'ections and the ita- systems in vitro or in tile ill Vivo mi lieui, and sus
mtmie response. ceptibilily to ilf'ection. However, Ifhese relation

ships are not necessarily linear, for there are both 
Irmniimc Mechanisms: (eiertl Overview thresholds f'or uinctional cotnsequences 1tone end 

of lthe spectrum and "f'inctional reserve" at the op-
Elegant studies in recent years have amply demon- posite end, not toimention amplificatio and feed
strafed tie complexity of the iiumme systems of back loops. In the context of. tile interaction of 

Please addrcs, rettuesis for reprint to Dr. Gerac r. Keusch, parasitic agelts atild lhe i11iitiiie system, however, 
I)ivisioi of ( cograttic Mediciie, lft s-New lngtad Medical lhC Ilie reSalt lilay be signil'icalat protective im-
Center, 136 Ilarrison Avente, Boston, Massachusetts 0211 I. lilltllity, f'ailre of e lfec tive immuiLinity, iTelevant 

751 



752 Keusch 

Table 1. Classification of events in parasitic infections. 
Level Characteristics Example in human host 

I No invasion: natural resistance TrypInosoma h:,,cei
2 Coloniiation.tu 1tualbenefit: symbiosis Gut flora 
3 Colonization.no disease: cominensalism Entntoeba co/i
4 Invasion.diseasecu,c: sterilizing immunity Leishntania tropfica
5 Invasion.disease.tto ctrc.resistance to reinfection: concomitant nimunity Plasniodiut species
6 Invasion.disease response.no resistance or cure: ineffective immunity Trannosontacruzi 

NOTE. Data are adapted from It1. 

immunity, concomitant immtuity, or even ini-
Mune pathogenesis of disease. 

Parasitic Infections and Diseases:General Overview 

It Must be emphasized that the classifying term 
parasites, as commonly used, is meaningless. The 
agents usually encompassed by the term come 
frotn two distinct subkiingdoms, the protozoa and 
tle tnetazoa, that have little or no physical, bio-
logic, or physiologic similiaritics. Even atnong 
themselves the members of these individual 
subkitngdotns vary enormously with respect to 
complexity of life cycle, range for either definitive 
or intermediary host (if required), forms of 
reproduction, requireietlit for arthropod vectors, 
and immunologic reslponses. 

Three featttres of' the protozoa and mnetazoa are 
particularly relevant to the immunologic responses 
of the host. First, sone 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 either humoral or cellular elements. Indeed, in 
the case of Leishiania, the organisms proliferate 
within the niacrophage, 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 tie ira-
mune response of' the host. Second, with a few cx-
ceptions, the metazoan parasites of hunlatis do 
not replicate within the host. The clinical, itn-
munologic, and cpidetniologic implications of this 
f'act are etormous [7]. Parasitism involving these 
agents is a manifestly qtantitative phtenmenan, 
dependent on the number of' invading or ingested 
inf'ective f'ortis that survive within the host, the 

antigenic burden that worm load imposes on the 
immune system, thc physiologic consequences on 
the functions of the target tissue (asymptomatic 
infection vs. overt disease), and the number ofinfective forms present in the environment. In 

some examples (e.g., the hookworms, Schisiosoma 
mansoni, and Ascaris lumbricoides), the majority 
of human hosts are in fact lightly infected, com
pletely or relatively asymptonatic, and nonim
mune [8]. The acquisition of immunity is usually 
critical for the survi, al of the host following infec
tion with multiplying pathogens, but it may have 
little or no impact on he response of the host to 
nonreplicating lielminths. Third, parasitic agents 
tnay undergo dramatic transformations accom
panied by changes in size, shape, and surface 
characteristics within the human host [9]. Thus, 
acquired immunity to one forni may have no ef
feet oi another stage in the Iife cycle of the 
organism. 

Immune Responses of the Host to Parasites 
lmnune responses of helninths sufficient to result 
in the expulsion of worms and(I cure can be docu
merited in a few animal systems. These mecha
nism:; may involve secretory IgA (as against Taenia 
taeniaeformis and Nippostrongvlus brasiliensis) 
[10, 11], lgG (as against Hymenolepis nana) [121, 
B cells (as against Trichinellas.iralis) [13], T cells 
(as aganist N. brasiliensis) [14], several of the 
above [15], or the generation of a marked inflan
tiatory response in the intestinal tract [3], which 
may also be immunologically mediated and in
volve eositiophils (as against 7'. spiralis) [16]. 
However, liehlinthic infections of' humans are 
long-lasting, chronic processes, and immune 
mechanisms, it' present, cannot be very effective. 

In the case of S. mansoni, 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 oilmicrocirculation in living animals 
experimentally infected with S. mansoni show 
minimal effects on the circulation of eggs im-
pacted in the portal venules early 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 iac-
rophages and cosinophils, the major constituents 
of the granulomas. The disease caused by S. mun-
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 denonstrated fibroblast prolifera-
tion in response to soluble factors from granulo-
lMas stimulated by soluble egg antigens. 

Another immune response well illustrated by 
chislosomiasis is concomitant inlm unity, itl 

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 transplant aion of adults to a virgin host, 
which then also hecoic2s resistant to cercariae 
without ever having been exposed to tIhem before 
[201. However, this resistance does not result in 
immune expulsion of the adults. 

Evasion Mechanisms of Parasites 

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

Anligenic mimicry refers to the ability of the 
pathogen to display host antigens on its surface 
and thus masquerade as "Sel;''"this phenomenon 
is demonstrated by S. ma"voni [22, 23]. In a fas
cinating experiment, adult worms were grown in 
mnice and transferred to rhesus monkeys that had 
been preimmunized against either mouse or gerbil 
erythrocytes [20]. The fact that the adult schisto
sonies were able to survive except 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. occurs over a period of days following pene
tration of the skin by the invading schistosomula 
[221. Sher et al. [23] have also shown that murine 
major histocompatibility complex (Mi]C)-antigens 
were preseti Oil tile mouse-grown worms. Another 
example of antigenic mimicry is the ability of cer
lain organisms to split immnunoglobulins and to 
coat themselves with immtunoglobulin fragmients, 
such as Fab [24], or to bind tile Fc portion of itn
niuntoglobulin and expose Fab still capable of anti-

Table 2. Escape mechanisms of parasites from protective host responses. 
Escape mechainism Nature of'respose 

Antigenic mimicry Incorporalion of host "self"' antigens into parasite surface 

Coating of prasite by Ig fractions (fabulation) 

Antigenic depletion Shedding of teg, ment 


Capping and shedding of surface antigens 

Antigenic variation Seq[Luentiat adoptive phenotypic variation 

tImunotogic indifference Intracelltiar survival within iacrophages 
(a) failure of lysosontal fusion 
(b) escape from lyssoomcs 
(c) resistance to microbicidal evenis 

Immtnologic diversion Polyctotal B-c,:lI activation 

Inmunologic subv'er.ion tl1 osupp essionttuit 

(a) tltioral 
(b)celular 

Example 

Schislosoma inalnlsorli 

Tcrah vmenu pvrformis 

Trypanosonla cruzi (?) 

S. mantsonti 

Leishmania 

African trypanosomes 

Toxoplasina gondii 
T. cruzi 
Leis/hnania donovani 

Plasmodium species 

S. inansoni 
S. mansoni 
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gen recognition [25]. This ability both masks para-
site 	antigens and presents a screen of' host "sell" 
antigens to the immnune system. 

Ant igenic depletion ret'ers to the stripping of' an-
tigens Irorn (Ihe stirface of the parasite by a shed-
ding mechanism, such as that observed for the teg-
urnent of* S. imnsoni [261, or the capping and 
shedding of surface anligens, such as that cie-
scribed f'or Lieslhaniacnriettii [271. Ii tle fatter 
example, 	 antibody capping and shedding re-
portedly results in tlie insensitivity of' tle organism 
to the addition of' fresh antibody and coniplerneri t 
[21]. Whether this mechanisn is of' real impor-
tance to the survival of' intracellular -;rganisis like 
Leishmunia is unknown, but it might be very inn-
port ant to extracelliular organisms, such as 
nernatodes. 

Antigeniic variation is the tern used in de-
scribing tile periodic shifts iii surface aitigenic 
composition of the Af'rican trypanosomes [281. Iri-
f'ection with these organisms is ,haracterized by 
v,avcs of' parasitenia associated with variant stir-
f'acc glycoproleirs. ('loning experiments have 
deiroristrated that this phenomlenon is not due 
siniply to selection of antigenic variants by 
antibodyv-iriduced selective pressure from an in-
itially mixed populat ion, because single clones 
tundergo antigenic traris'ormation i; sequence in 
vitro in lihe absence of antilbody 1291. Antigenic 
variation has also been described iln a nurnber of 

hernoprotozoa, inlriudirig otdher genera such as 

PhIsmodium and Bahesia [30]. 

Several prolozoa have apparently learned to 
survive within tlie macrophagc, either by prevent 
ing lysosomal fusion [311 or 1y escaping from an 
already f'ormed phagolysosonic [321. The sitnalion 
that restils may be called inmunnologic inidiffcr
ence. As lie of njia, re-ill .exariple .v'ishm tlese 
mnarkable organisis continule Ito grow within Ileoga s 

phagolysosonie [331, even thongh the macropliage 
is stficierlily activated to eliminate Certain 
factltative intrac'rlluhar paliogeris suichI as I.is ri'jina.l

The CaIvloiVe034 I ' 

withini activated illacroplia *g.sis clearly t unique 

property of Sone, bil io all, illracellnlar patlho-
gens. Aniong tlie parasites, Leishmuniu appear to 
be the nost cl'i'icienit in this abilim\ , butl elitiieclia-
IliSllI by which thi.s occurs, is 1rot understood. 

Recenltly, tlie irtrnatode f'luke, Iscilu Ielulicat, 
has been shown to evade he effective inniu iity it 
induces ill rats by m11eans of' excrelory/secretory 

Keusc/h 

products that are toxic to host lymphocytes and 
other inimunoconmpetent cclls [35]. The categories 
of' immunologic diversion, such as polyclonal 
B-cell activation [36, 371, or of' immunologic sub
version, such as Iiumoral or cell-mediated i
iuiosuppression [38, 39], may aid the parasite in 

its s!ruggle against host defenses. However, the 
nieaning and importance of these observations to 
the 	pathogenesis of disease are uncertain. Much 
more remains to be done at tihe laboratory level, 
bilt 	 direct extrapolation of' these results to the 
human situation poses difficulties, whicli can be 
expressed 	as the dual danger of' lie "nonmodel" 
model and the "niodel nonmlodel." For example, 
inftection of mice with lh/snodiuln herghei, tnl
like inf'ection of' hunans with mnalaria, entails an 
overwhelmingly virulent organism which, none
tlicless, relatively easily induces solid irmunity. Il 
tliese f'eatures tlie system qualifies as a "non
model" model. As a "model nonmodel," the ro
dent nematode, N. hrasiliensis, can be cited. This 
worm causes a limited if'ection of tlie small bowel 
ini rats that is sell cured by a T-cell-dependerit, 
mast-cell-nediated meclianisn of' worm expulsion 
that results in iimunity to reinif'eclion. In con
t rast, rieriiatode in fections of lunians are char
acterized by their longevity and by the cont inuing 
susceptibility of the host to repeated infection. 
This is not to say that immunity does :ot occur, 
iut rather that it is not acquired with ease. In both 
types of' system an important distinction exists 
bclwccI questiois relevant to human iifection 
that can be studied and qunest ions that can be 
studied btl are irrelevant. 
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Immune Responses in Parasitic Diseases. Part B: Mechanisms 
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Nenfoundlund, Si. Johns'V, Newfoundland, Canada 

A numbe, ofr host defenses provide variable resistance against parasites. From the 
biological point of view, invading parasites must not eliminate the susceptible host 
population; therefore, antiparasite immunity plays an essential role in limiting tie 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 lymphocyte-mediated in fliammatory grantuloma tormation and encapsulation 
involving the deposition of fibrous tissue. In sonie instances, passive immunity can be 
transferred by serum antibodi" Antibodies may act via complement fixation, 
granulocyte adhesion, opsonization, inhibition of invasion, or mast cell degranulation. 
Of tile nonspecific factors, macrophage activation, natu ral 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 either 
host or parasite, or harmnul to tle host. 

The diversity of parasites potentially capable of (6) striking, genetically-determined variation in in
infecting humans makes it inconceivable that any tate immunity exists in natural hosts; and (7) 
one antiparasitic effector mechanism could be re- humans, as well as monkeys, mice, rats, and other 
sponsible for protective imtnunity. Thus, a variety laboratory animals differ widely in their ability to 
of immune responses cani be mobilized to restrain handle complex antigens such as those found in 
invasion and prolifcratiot, and to eliminate parasites. 
parasites. 

Understanding of itmmtnunity to parasites is still Host Resistance to Parasites 
limited and most data are derived from studies us
ing laboratory host-parasite systems. Knowledge Resistance can be passively transferred from one 
of the precise mechanisms of protection and how individual to another with antibodies and specific
they fail in certain instances is not only of intrinsic ally sensitized lymphocytes (table 1). There is good 
interest, but is also essential for the development evidence that spontaneous cure depends on thymus
of strategies of convrol. Several general concepts dependent immune response. Athymic animals 
must be considered in relation to host responses to (nude micc, neonatally thymectomized tiurine 
parasites: (1) parasitic agents are heterogeneous; models) exhibit increased susceptibility to infec
(2) chronicity is a characteristic of most parasitic tion, as manifested by heavier burdens of para
infections, and persistent antigenic stimulation is a sites, increased proliferation of parasites, prolonged 
major factor in host-parasite interactions; (3) the infection, failure to develop immunity, or death. 
mechanisms of evasion differ substantially from However, this greater susceptibility is not invar
those involved in prevention of' reentry or in rejec- iable. Also, protection cannot be correlated with 
tion of the parasites; (4) the immunologic accom- the extent of cell-riediated immune response or 
paniments of' chronic parasitic infection, e.g., levels of' circulating antibody. The protective ef
immtnosuppression and hypergammnaglobUliri- fect of vaccination against many parasites pro
emia, may by themselves have important function- vides evidence for the role of immune responses in 
al consequences; (5) many parasites are in a state host resistance. However, resistance need not and 
of' evolution and undergo significant genetic and does not have only an inirnunologic basis. More
-,atigenic variation within a relatively short time; over, the search for elfective vaccines is thwarted 

by protozoa using antigenic variation as a para-
Please addres, requests Ior reprints to Dr. R. K. Chandra, site-protective strategy and by those relatively se

iancway Child Ilcaii (enter, St. .tothn's, Ne'fot, ndland, qlestered in protected sites such as inside cells, 
Canada AIA IR8. cysts, or skin. The four tiers of' resistance to para
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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 + -
Trichinelhispiralis + + + + 
Aspicutiris tetraptera _ + 
Nipjwostronglus brasiiensis + + + + 
Hiy'menolepis diminua.
 
Strongyloides ratti + + + 
 + 

* Often using mesenteric lymph node .elts or thoracic duct lymph cells. 

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 either host or parasite, or (4) 
definitively harnful to the host and resulting in 
pathology and disease 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 Mechanisms 

The chronicity of many parasitic infections and 
the paucity of sterile and reinfection immunity 
have led to the belief' that several parasi' s are 
poorly immunogenic. However, the use of sensi. 
live techniques has shown that immune response 
occurs during all parasitic infections. The main 
components of' parasite-destructive processes, 
such as T cells, antibodies, pliagocytes, and in-
flammatory response, are presented in table 3. 

T ly/)lpltoc1'e~s. The process of granuloma 
l'ormation 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 

Natural. Does not permit Affords relative resistance to 
establishment of infection, reinfection with homologous antigenic expression. 

parasites in already 
parasitized hosts. 

the inflammatory response to Schistosoma man
soni eggs is a delayed hypersensitivity reaction 
[11-13]. Lymphocytes, monocytes, and giant cells 
accumulate. Deficicncies of protein, the B group 
of vitar..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 disease in areas of the world where both 

ndernutrition and schistosomiasis are rampant 
are not known. 

The reactions to NeInatospiroidesdubius larvae 
in the gut wall [14, 15] and to Mesocestoidescorti 
larvae 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 
peritoneum, malabsorption, hepatic encapsula
tion, antibody response, elevation of serum IgGI 
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 
.he 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 

Modifies parasite Eliminates parasite. 
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Table 3. Effector mechanisms of protection against protozoa. 

Parasite 

Malaria 
American trypanosomiasis 
African trypanosomiasis 
Leishmania 
Toxoplasma 

Representative examples of each type of effector response can * 

Complernent-fixing,
T-cell Delayed neuiralizing, and 

cytotoxicity [1,21' hypersensitivity [31 agglutinating [4-6] 

+ -,-
? + + 
? ? 
 + 
-+ 
 + 

+ + 

reduced [19]. On the other hand, the encapsUla-
tion may lead iotnanifestations of' disease. This is 
best illustrated by the response of tissue to 
Schistosotna eggs [20]. Involvernent of both anti-
body-mediated inhibition of Tcells and T suppres-
sor cells has been proposed. llast transformation 
response is markedly depressed in the presence of 
immune sera [211. The contribution of various 
T-cell subsets and Ilie na Lre and effects of various 
lymphokines in the regulation of imtltlnuioparasit-
ologic responses is not yet delineated. 

Mucosal responses to ilralunital parasites 
also are T-cell dependent. Deplet ion of T lniptl.-
cytes results in reduction in accumulations of 
cosinophils, mast cells, and goblet cells. The ac-
tion may be initiated and mediated by lyte-
phokines Or T-del-enideti antibodies. Sotie evi-
detice suggests that T cells and gut mast cells have 
a commoni lineage. There is a paucity of data on 
the route of' absorption of' parasite antigens and 
the tnechanisnis by which the gut changes to a 
secrelory orgatl in the parasitized host. Elimitna-
tion of' intestinal tuetazoan and protozoan 
parasites iti mice is a T-cell-dependent process 
(table I). loming of T cells and 13lymphobla;.s 
destined to become IgA plasma cells is enhanced 
dtring intestinal parasitic inf'ections. The expul-
sion of' some intestinal wortns, e.g., Trichinella 
spiralis, may require complenentar-y aclion by 
boti lymphocytes and antibody. Iti nude mice, 
both tuetazoani atnd protozoai parasites persist f'or 
a long time. In multiply inf'ected hosts the complex 
interplay of f'actors may etiiance or retard tile ex-
putlsiotn of one parasite and at tilie same time have 
the opposite ef'f'ect oti another parasite. Rejection 
of parasites is promoted by "l'-cell-dependent 
antibodies and T-cell-dependent intflamnatory 
response. In inif'ection with N. dubius, the susccp-

Antibodies 

Opsonizing 
Blocking F7,8] cytotoxic [9. 10] 

+ + 
? + 
? ? 
? 4 
? + 

be found in the references cited. 

tibility of individual strains of mice to chronic 
parasitism is ali important variable. Repeated ex
posure to third-stage larvae or the systemic 
implantation of adult worms induces T-cell
depenCIdent worm exputlsion and resistance to 
reinfection in the fetnales in sonic strains but 
not others [22]. 

Anlibodiesv. Against some parasites, complete 
immunity can be achieved by passive transfer of 
immune serum. The complemcnt-fixing antibodies, 
paticularly lgG2, are effective against the early 
stages of parasites, that is, oncosplieres and lar
vae. For example, in the infection of rodents with 
the larval cestode Ta'nia faeniaeforitiis, comple
ment-fixing lgG antibodies mediate host protec
tion [23]. 1nterestingly, host resistance of different 
inbred strains correlates with ability to mount a 
rapid antibody response. On the other hand, the 
production of anticonipletnentary activity in the 
cyst promotes the evasion of immune response 
[24]. Purified IgG2 antibodies fromn immunic sera 
transfer protection from reinfection to mude recip
ients. Similar effects may be achieved by igGI 
antibodies from sera of inf'ected aninals; this in
fUtice may be mediated by neutralization of anti
complementary activities in the larvae or by 
destabilization of mast cells. The result is an in
crease in vascular pcrnieability f'or other an
tiparasitic molecules and cells. 

A second mechanism by which antibodies pro
vide protection against parasites depends on 
granulocytes. 'Fhe binding of' Ieukocytes to anti
body-coated larvae is an important first, though 
not always essential, step prior to plhagocytosis. 
Enzymes released by granulocytes can destroy ear
ly stages of parasites. Young larvae of S. mansoni 
and T. s1piralis are extremely susceptible to lgG
dependent eosinophil-mediatcd darnage [25, 26]. 
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In these responses, complement components may 
act enhancing nolecules promoting the efficiency 
of kill. The combination of antibodies (possibly 
anticuticular IgM) and granulocytes has a 
synergistic effect for the destruction of Dipeta-
lonenia viteae microfilariae in hamsters [27]. 

Antibodies over mucosal surfaces may prevent 
the attachment of infectious agents to the epithe-
lialcells and impair andigen absorption. IgA as well 
as other isotypes of imniunoglobulins may be ac-
tive, as is particularly evident in the case of intes-
tinal cestodes. For example, local IgA antibodies 
protect mice against infection with 77. lueniai/r-
mis [23]. Colostrum-derived anti-oncospheral IgA 
antibodies prvntl Mucosal penetration by hatched 
and activated oncospheres. On the other hand, 
IgG but not IgA antibodies are protective when 
given parenterallv. 

Antibodies can also inhibit the invasion of red 
cells by protozoan parasites such as Plasinoliuin 
[28] and BIabesia. Antibody-mediated neutraliza-
tion of' enzymes and other destructive molecules 
released by parasites may be protective. Finally, 
reaginic IgE antibodies are often elevated in 
parasitized hosts; these are considered hcpful in 
the elimination of parasites, presumably via mast-
cell degranulation and immediate hypersensitivity 
responses. In the case of many intestinal parasites, 
e.g., Ni)lovstirongy'h'ts brasiliensis, the initial 

damage by antibody is followed by T-cell partici-

pation resulting in expulsion of the worm. 


Recent studies have shown that a rheumatoid 
factor-like IgM may confer protection by enhanc-
ing IgG response. Rats infected with Tt',pano-
sonia lewisi respond by producing an ablastin lgG 
antibody that inhibits reproduction of the parasite 
by blocking cell division and that lacks cytotoxicity. 
The antibody induces metaboEc and morphologic 
changes. 1gM 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 IgM autoantibody [29]. 

Other defense Inechanisns. These protective 
processes do not depend upon the recall of t speci-
fic immune response initiated by a previot; expo-
sure. Nevertheless, these mechanisms do show 
some measure of' specificity in that they distin-
guish between different types of org ,nisms. Inthis 
context, it may be more appropriate to use the 

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 dontovoni in mice is governed 
by alleles at a single or closely linked locus, mapping 
away from the major histocompatibility locus and 
situated on the same chromosome as the locus 
governing susceptibility to Salmonella typhitnur
ium [311. 

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 hunioral 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 latter. Phagocytes
of the host provide a home for the survival and 
proliferation of many protozoa, e.g., To.voplasnia 
gondii, Tri'panosomna cruzi, and Leishmania 
species. The parasites evolve methods of dealing 
with the intracellular environment, which is gen
erally 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. gondil), escape into 
cytosol, (for example, T. cruizi and Mj,cobacterium 
leprue), resistance to lysosomal enzymes, and 
reduced expression of surface H-2 molecules (for 
example, Leishmania species:). 

.The initial steps in the interaction 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, e.g , Leiq'hnaniaand 
TTm'pao.sonia, ingestion invitro call proceed in 
tile absence of' serumn factors [33, 34]. Pretreat
meint of' phagocytes with chymiotrypsin, which 
does not in fluence complemenl-mnediated phago
cytc sis of red cells but blocks the attachment and 
phagocytosis of T. cr'uzi, suggests that C3b recep
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tors are not essential 
[35] contradict earlier 
must be oriented in a 
process of engulfment. 

for ingestion. Recent data 
suggestions that parasites 

specific manner during the 
However, the forroation of 

a microfilamentous mesh is an important pre-
requisite because this step is blocked by cytocha-
lasin 13. 

The parasitophorous vacuole is lined b. a mere-
brane derived essentially from the plasma men-
brane of' the host cell. The size of the vacuole 
relative to that of tihe parasite can vary consider-
ably. Fusion of' vesicles as well a; influx of' fluid 
into secondary lysosomes can alter tile 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 lysosome , generation of microbicidal activity, 
parasite inactivation, and digestion or extrusion 
are enhanced by inacrophage activation. Lertain 
parasites, on their part, have evolved mechanisms 
for evasion of the lethal eff'ects of phagosome-
lysosome fusion. Some of' these mechanisms are 
inhibition of' phagolysosome f'ormation, resistance 
to the intralysosomal milieu, and escape to ex-
travacuolar spaces. The cytotoxic mechanisms of 
macrophages include hydrolytic en rues and syn-
thesis of highly reactive oxygen metabolites in-
cluding tile superoxide anion, hydrogen peroxide, 
singlet oxygen, and hydroxyl radicals. Moreover, 
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 lyme-
phoid cells from nonimmunized donors exhibit 
cytotoxicity against a variety of target cells, in-
cluding p',rasites and parasitized host cells. The 
heterogeneity of the NK cells is becoming ap-

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 f'act, some 
evidence suggests that the thymus may have a sup
pressive effect on NK 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 Pla~tnodiutn chabaudiand 
Bahesia microti infections are those with tile 
lowest NK cell activity [36, 371. An increase in the 
activity of' NK cells can be observed in the spleens 
of those infected animals who survive tie parasite 
challenge. Inoculation of infected nude mice with 
spleen cells from syngeneic, recovered, normal lit
termates permits the recipients to eliminate the 
parasite rapidly [36]. Since depletion of B cells and 
adherent cells by nylon-wool columns, depletion 
of' T cells by anti-T[hy I antiserum and comple
ment, and immune serum have no influence on 
this phenomenon, the protection nust depend on 
NK cells. F'urthermore, recruitment of precursor 
cells via interferon or other mechanisms may fur
ther increase cytotoxicity. 

Serum J'tctor. Fresh serum fFrom nonsensi
tized animals may be toxic f'or various parasites 
[38]. However, if' parasites rapidly penetrate host 
cells, they are protected f'rom serum damage. The 
nechanisms of serum toxicity are not clear. Both 
natural antibodies and complement may partici
pate [39, 40]. Parasites themselves can activate 
complement by both alternate and classical path
ways [25]. 

Other facto-. Other antiparasitic effector 
mechanisms are involved in nonspecific protective 
immunity induced by substances such as bacille 
Calmette-GuLIrin vaccine. The identif'ication and 

Table 4. Some mechanisms of evasion adupted by protozoa.
 

Parasite Intracellular localizauion Antigenic change tnmunodepressiomn Polyclonal activation
 

Malaria 
American trypamnosomiasis 
African irypanosomiasis :t 
Leishniania + 
Toxoplasnia + 

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

Conluding Remarks 

In the struggle between humans and parasites, tle 
various host protective mnechanisnms are inportant 

determinants of the final outcome: disease or stir-
vival. The repertoire of ininiine responses 
mounted by ]Ihil matiched by tile cati-malnS is of teti 
ny mechanisms of survival arid proliferation 
shown by parasites (table 4). Sttidies have deniol-
strafed that protective immunity is compromised 
when the host is nialnonurished or has nultiple or 

repeated infections. These problems are especially 
common in developing coutntries with rampant 
poverty and poor sanitation. Moreover, we mus 

recognize the profound it imunodepressive effects 
of' parasitic inffections. which by themselves ilay 
allow in fection to persist. Several nmechianisms 
have been suggested, including nonspecific sup-
pressor effects mediated 1hrotUgh niacrophagesp 	 ilessorffecs med Tltheanld 	 thle generat ion of suippres;or T Inuphocytes. 

The recent application of tmodern immunologic 
concepts and techniqtes to parasitic inf'ections has 
yielded iminportant fundanental and pactical
knowledge 141-511. 1here remaain many unre-

solved, pertinent problen-s, such as the purifica-
tion 	of" tle relevant parasite antigens, tile role of 

lymphocyte subsets in protective antiparasite im-
itnity, the prodctlCion of' effective vaccines, etc. 

Ideally, judicious application of' the available in-
form ation ultim ately will resth in effecive con-

trol of f lie parasitic diseases of' man and domestic 
animals, with resultant profound economic atid 
health consequences across a wide bell of' Asian, 
African, and American Countries. 
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Intesiinal Physiology and Parasitic Diseases 

Irwin H. Rosenberg and Barbara B. Bowman From the Department of Medicine, University ofJCicago, 
Chicago, Illilnois 

This paper reviews the major steps in alimcntaticn, 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 
incJue systemic toxicity and fever, to release active and toxic substances into the in
testinal hlmen, to 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 dige,;-
tion and absorp m, the final disposition of 
nutrients in body so tucture and metabolism, or the 
maintenance of' nutrient pools. The structural and 
fttictlional impact upon tile digestive tract is ob-
viously a critical determinant of the extent to 
vhich parasitic infection inf'luences the nutritional 

siatus of' the host [1-31. Table I provides sonic ex-
amples of the effects of' various parasitic infec-
tions oti intestinal physiology. This paper reviews 
the relevant digestive physiology with special at-
tention to those ftnctions that are or might be in-
fluenced by inlfection with hchninths or protozoa, 
The highly Variable range of effects, f'rom minimal 
to grave, on host physiology directly reflects the 
variability in the intensity of' infection or parasite 
load. 

Ati Overview of Alimentary P'hysiology 

A brief' overview of alimenttary physiology may 
serve as a useful introduction to a discussion of' 
the altered physiology caused by parasitic iif'ec-
tion. This physiology can be conveniently divided 
into four arenas: (1)appetite and eating behavior; 
(2) events in tile gastrointestinal lumen, beginning 
with swallowing, which leads to fihe mixing of 

lTii, %ork %%a,-uprirc I il IMr by gint no. AM-26678 
(Clinical Nutrition Rc'camch Unit) trom the Naiiional Ihsli-
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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 events in tle in
testinal mucosa, including the terminal digestion 
of sugars and proteins, the uptake of nutrients 
f'rom the intestinal lumen, the processing of nu
trients (as intile resynthesis of triglycerides during 
fat 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' nutrients: 
and (4) circulatory events, including the return of 
nutrients to the circulation in either the mesenteric 
venous circulation or the intestinal lymphatics, 
and also the subsequent enterohepatic circulation. 
The enterohepatic circulation involves nutrients, 
endogenous substances, or drugs that pcrfuse the 
liver in the portal circulation, are taken up and ex
creted inthe bile, and then reabsorbed and returned 
in the portal circulation. Our understanding of the 
importance of this enterophepatic circulation for 
the maintenance of circulating nutrient pools is 
growing. 

ood Intake and Anorexia 
Ati area of great importance f'or this or almost any 
discussion of" tile effect of disease ol nutritional 
status is one about which we have incomplete 

physiological understanding: te cotrol of' appe
rite and the cause of' anorexia. Discussions of' in
dividual parasitic infections often ref'er 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 Aehlorhydria/lhypochlor hydria 

Liver 

Pancreas 

httestine 

Biliary obstriltion 

Obstruction 
Impaired protein digestion 

Altered motility 
Competition for nutrients 
Bacterial overgrowth 
Local irritation (damage) and nutrient 

malabsorption 

Mucosal damage resulting in endogenous 
losses 

Obslru:tion of lymphatics 
Diminished venous etLurn 

on appetite and food intake without much insight 
into the mechanism. Space does not permit a dis-
cussion here of' current concepts 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 both by 
events in the central nervous systemn and by local 
events in the gastrointestinal tract, most itnpor-
tantly those related to proptllsion atid motility, 

Systemic effects of parasitic infection, including 
fever, toxicity, and mCtabolitc anid hrtotal 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 ieeding behavior), the lowered intake of 
nutrients, contrary to the common caricature of 
the hyperphagic host with intestinal tapeworms, 
rmay be the most common and most important 

cause of deficits of' calories and other nutrients in 
the presence of parasitic infection. Virtually every 
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 

Parasite 

Most protozoa and helihniths 

Trypanosoin cruzi 

Giardia lmbliu, Dqpyllhothriun 
htlut/, hook worm 

Ascaris ln bricoiles 

A. himbricoides 
G. lamblia, A. luntmhriide.s 

Trichinella piralfs 
D. laitum 
G. lamblia 
A. 	 hobricoides (heavy load), G. lamblia, 

lsosporahominis, Capillaria philip
pinensis, Strongyloides stercoralis 

C. philippinensis, S. slercortlis, 
hookworm 

Schistosona manso)ti 
Plasnodium knowhsi 

controlled inmost studies of tutrition and infec
tion. In the United States, the nutritional status of 
relativcly well-nourished children seemed little af
fected by infection with Alscaris [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 Ascarissutm produced a sig
nificam reduction in r, ,,of gt-owih and 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 
treatment are likely to be greatest for those with 
heavy parasite burdens and preexisting marginal 
intakes of protein and/or energy. 

We might begin by noting the capacity of one 
parasite to influence the function of swallowing. 
Chronic infection with T. cruzi (Chagas' disease) 
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 

as an independent variable, nor has intake been both in the secretion of acid atd pepsin and in the 
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mixing and emulsification associated with the 
churning movements of that organ. Achlorhydria 
or hypochilorhydria has been discovered in pa-
tients with parasitic infection [71; such a diminu-
tion in the production of gastric acid could in-
fluence subsequent digestion and release of hor-

inlones. Loss of gastric acid could also interfere 
with tile maintenance of a relatively bacteria-free 
intestinal lumen because a low pH is one of the ira-
portant factors in tile suppression of' intestinal 
bacterial overgrowth [8]. Whether parasites in-
fluence the secretion of gastric acid by direct 
damage to the parietal cells or the antral cells that 
produce the hormone gastrin or by other ireta-
bolic or systemic event, has not been established, 
A most important consideration; is that most stud-
ies that have demonstrated effects of intestinal 
parasitic infection on tile 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 tile changes in gastric physiology, 

Tlie controlled release of food from the 
stomach into tile proximal small intestine, a pro-
cess that is critical to normal digestion, may also 
influence feeding behavior. Protozoa such as 
Giardcliu or helinintlis such as AscaU'is, 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 
arc migrating in response to irritant f'ood 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 danage 
to the circulatory system or to the hepatocyte, as 
in late-stage schistosomiasis, or by interference 
with the mechanical release of bile into tile iii-
testinal lumen, as in the obstruction of the biliary 
duct in infection with Clonorchis or Ascar'is. 
Similarly, in severe ascamiasis, 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 Asculris for example, produce eri-

zymes capable of interfering vith or even digesting 
pancreatic proteases such as trypsin and chymo
trypsin [I I]. One enzyme produced by Ascaris is 
called "ascarase." 

Intestinal motility deserves sonic emphasis here 
since the process of digestion in the lumen of the 
intestine requires not only the release of' biliary 
and pancreatic juices, but also proper mixing with 
the food in tile 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 tie impression 
is that some intestinal helminthic inf'ections 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 metabolites or proteins that can inter
fere with the digestive enzymes in tile lumen of tie 
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 Diphyllohothriutn lalutn for 
vitamin B2 [131 is the best demonstration. Clear
ly, such competition is more significant for micro
nutrients, which are present in tie diet and in the 
lumen in microgram amounts, than for macronu
trients, of which the snall 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 are 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 
[161. When bacterial overgrowth is severe, it can 
produce significant disruption of' both digestion 
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and absorption of fat as a result of effects on 
luninal bile salts and of competition for micronu-
trients such as vitamin B, [17, 18]. The unsettled 
question here is whether tie 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 eiTects that have been aitributed 
to intestinal parasites and even some of tile thera-
peutic effei.is of metronidazole (which is also po-
tent against anacrobes) in giardiasis may well be 
due to effects on intestinal bacterial overgrowth ii 
the same populations [191. 

Morphology and Function 

of Ile Epitheli111 


The direct toxic effects of' intestinal parasites on 
the gastrointestinal epithelium are unclear be-
cause, once again, Ihese eft'ects can be attributed 
to tile parasites, to associated bacterial over-
growth, or to associated malnutrition. The degen-
Cralivc and in flaniailorv norphologic changes in 
the intestinal or gastric muLcosa that have been 
observed inl the presence of intestinal parasites 
may be related to other factors, bacterial or nutri-
tional, or to endeniic Iropical entetropathy in tile 
underlying population, rather than to the parasites 
themselves. Note that most of the studics dcemon-
strating diffuse morphologic changes in tile intes-
ine at biopsy have not used adcqualc controls 

for tile tIidcrlying tropical enteropathy in these 
populations; good morphologic studies bel'ore and 
after deworming are very diflictlt and rare. 

In certain cases, however, tihe direct effects of' 
tlhe parasites on the niucosa are well established 
and vell studied. Examples include Giardia 
lumblia, which appears to attach itself' to tile inles-
tinal mucosa and to produce local damage [20], 
and severe infection with Sro/ngv/oidcv. Other in-
testinal parasites probably produce some damage 
to the intestine both by local irritation [21] and, 
perhaps more importanitly, by the production of' 
toxic metabolites. 

[unctionally, toxic effects on the intestinal 
epitheliumn are reflected not only ill absorptive hut 
also in digestive abnormalities. The brush border 
of' tie intestinal nucosa, whichi faces tile Ilnien, is 
responsible f'or 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
tease action. Thus, damage to the intestinal brush 
border surface resu!i!s in inability to digest lac
tose, sucrose, to some extent maltose derived from 
starch, and the peptide product'; of protein dines
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 B12 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 mineral balance. Extensive damage to the 
enterocyte impairs its ability to take up, store, 
transport, and process nutrients for release into 
the circulation. 

One other feature of the direct toxicity of para
sites to tile intestinal epithelitm :s the loss of the 
mucosal integrity, with the subsequent leakage of' 
nutrients into the intestinal lumen and their later 
loss in the stools. This process is veil documented 
in the case of hookworm, in which the loss of 
blood is the basis f'or iron deficiency and also the 
vehicle f'or the loss of' other trace metals and 
micronutrients. Sufficient damage to tile intestinal 
cpitlieli tim may cause substantial loss of' plasma, 
which may produce a protein-losing enteropathy 
with an impact on protein balance more important 
than the impact on protein malabsorption [23, 
24]. Inteslinal parasites may, by direct irritation or 
by tile production of toxins, produce intestinal 
secretion of water and electrolytes, which results 
in diarrhea and mineral deficits [3]. 

Entero-S
 
ystemie-Iepalie Cireulalion
 

Finally, the absorbed and processed nutrients 
must enter fhe mesenteric or lymphatic circulation 
for return to tie systemic circulation. Intestinal 
lymphatics are the most important f'or the return 
of' fats and some f'at-soluble vitamins, but recent 
research indicates that the mesenteric venous cir
culation is an important route of retulrn f'or certain 
lipid substances and cert ainly f'or water-soluble 
materials. Schistosonies that invade intestinal lyni
phatis and cause lymplhatic obstruction [251 may 
impair the return of f'ats to the circulation and 
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thus 	cause malabsorption of fats. Malarial para-
sites may cause conslriction of the mesenteric mli-

crocirculalion, which illturn causes a backup of 

nutrients illtile intestine, with coincident malab-
sorption [26]. 

Certain nutrients, including some of tile 

vitatnins, are involved illall enlerohepatic circula-

tion that depends onl the integrity of the liver, the 

biliary tree, and tie itestine for maintenance of 
the 	 circulating body pool 1271. The effects of 
parasites oi this enteroliepat ic circulation have 

ne 	 becn stiudied but could also affect the nutri-

tional 	status Of thle host. 
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Adverse Metabolic Effects of Antiparasitic Drugs 

Michael Kalz From the Department of Pediatrics, College qf Physicians 
and Surgeons, Columbia University, and Babies Hospital, 

New York, New York 

Several drugs are available for mass campaigns against enteric helhninths. Mebendazole 
and pyrantel pamoate are quite effective against ascariasis and reasonably effective
against the hookvortns. Only tmebendazole is efTective against trichuriasis. Tv,,o drugs
have recently been introduced I'r mass therapy of schistosomiasis, but they remain ex
perimental, pending furthcr evaluation. Olher drugs are nmentioned, and possible
adverse nietabolic eltects are discussed. The fundamental question remaining iswhet her
the eradication of certain parasites will iniprove the nutritional status of the iifected 
populations. 

This review presents an analysis of adverse effects 
or the metabolisni ol the host of otherwise benefi-
cial therapy against parasites. Since the issue here 
concerns the prevention of malnutrition and not 
clinical medicine, I discuss only those drugs that 
are likelV to be used inmass campaigns against 
parasites. I do not consider, therefore, tile highly 
toxic drugs used in individualized tlerapy of cer-
lain parasitic intfections. Neither do I deal with 
some of'the older drugs that hav, been used inthe 
recent past, because they have been supplanted by 
better ones. 

Two exceptionaily effective anthelninthics are 
mebendazole and pyrantel parmoate. Against 
Enterohiu.s vermicttris, tie ubiquitous pinworm 
or tlireadworm, either drug is effective; against 
Trichuristrichuria, only rnebendazole is effective. 
Against roundwornis and hookworms, beth are 
effective, but the advantage of a single dose of' 
pyrantel panioate over two daily doses for 'hree 
days of niebenidazole is obvious, 

Pyranlel patnoate [1] is a pyrinidin. type of 
drug, available as a crystalline salt; it is virtually 
insoluble inwater or alcohol and is poorly ab-
sorbed. At least 851/o of file adtnitistered drug cart 
be recovered inthe stool; the remainder appears in 
the Urine, cither intact or partially metabolized. It 
has a nicotinic action in tile helnintlis, depo-
larizing tie niyoneural julnction and thus para-
lyzing the worns in a spastic state. Moreover 
it inhibits file cholinesterases. Piperazine, the 

l'lease Michael Katz,
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drug once cotmmonly used against Ascaris him
bricoid&, but now largely supplanted by tie other 
drugs, acts by causing hyperpolarization of the 
tnyoneural junction, paralyzing le worms in a 
flaccid state. These tWo dru,,s are antagonistic and 
sh(.-id never be used together. 

In the conventionally pIescribed doses, pyrantel 
pamoate is truly free of side effects for tie host. 
When given experitnentilly to rabbits in excessive 
closes, it does to thetm what it does to the worms; 
i.e., it causes reuromutseular blockade. A similar 
effect could probably be itiduced in humans, but 
tle necessary toxicity could be achieved only 
Ihrough parenteral administration; all oral toxic 
dose would be virtually unconsurnmable, and a 
smaller but still excessive dose would induce 
nausea and vomiting long before causing ieuro
tnuscular blockade. 

Mebendazole [21, one of [lie bcnziniidazoles, 
also dissolves with difficulty and is poorly ab.
sorbed. Only 10% of' the administered dose is 
recovered ii tle Urine. Its mlode of'action is quite 
differrt tror that of pyrantel panioac: it irrcver
sibly inihibits glucose uptake by the liclnintl 
without in any way inhibiting glucose uptake by
the host, even if' given invery large closes. Most 
important, it has shown no toxic effects even iti 
nialnourished and ancinic children [3]. 

A drug to be used with cantition is thiabendazole 
[44. Although unlikely ever to be used iti mass 
campaigns, thiabendazole may well be admini
slered under supervision to some populations with 
strongyloidiasis because, although flar f'rotii an 
ideel Iinedication, it is tie otily drtg available for 
this iif[ection. Tlie mode of action of' thiabendazole is unktown. It is insoluble in water but 
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easily dissolves in acids and alkali and, therefore, 
is readily absorbable. Only 10%7 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. !t 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-Barr6 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%/o-90% in adults, 
but of only 30% in children. Larger doses in 
children achieve cure rates of 8007o. 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 achieved 
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 
lamblia, by causing malabsorption, can be respon-
sible for malnutrition in individual patients, and 

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 ace 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 [121. 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 antimalarial 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 have not caused any clinical problems at
tributable to their effect on hematopoiesis. 

Finally, we must briefly address the potential 
toxicity for man of those insecticides used for the 
eradication 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, 
e.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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Schistosomiasis: Host-Pathogen Biology 

Kenneth S. Warren .romthe Division of Ih'ulth Sciences, 77TeRockefeller 
'oundation,New York, New York 

Schistosomes are helminths of the class Tremaloda that alternate generations, with a 
sexual phase in defiritive mammalian hosts and an asexual phase in intermediate snail 
host' In humans, these blood flukes reside in the mesenteric and vesic-il 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 lumeni; of the excretory organs. 
Many of the eggs remain in the host tissues, inducing immunologically mediated 
granuloniatous inflammation and fibrosis. Heavy worm burdens may produce 
hepatosplenic disease in schistosomiasis mansoni and japonica and urinary tract disease 
in schistosomiasis haernatobia. Since both the schistosomes and the eggs utilize host 
metabolites, and since the host responses to tile parasite are affected by its nutritional 
status, malnutrition may strongly affect both the parasite and tlie complex host-parasite 
relationship. 

Schistosomes are helminths. These organisms dif- Life Cycle 
fer from all other infectious agents inthat nost of' 
them do not multiply within the definitive host, a hitaof the autwo ith the deiiie 

cateorynclueshatuman. Th conequeces the habitat of' tile adult worm within tile definitivecategory that includes humans. The consequtenccs host is the blood vessels, usually the mesenteric 

of' this situation arc enormious. Helinths are and vesical venules. Within the blood vessels, the 
distributed (ill humans) in a highly clumped or advsclvrue.Wti h lo esltl

-disibuted(inhmansner; aherefore hicl t edo thread-like female schistosome lies within a cleft
over-dispersed matnner; theref'ore, most itnflected 

individuals carry low worm burdetns. Matiifesta- in the body of the male worm, remaining in a state 

lions of disease cluster in tie small proportiotn of of' copulo for many years, during which it pro
of diseavy wourm burdens.ith roup duces between 300 and 3,000 eggs daily. The eman p i othosethose with heavy worm burdens. In this group bryo, protected by the egg shell, develops within six 

genetic factors mlay also affect susceptibility to ropotcebyteggsldvlpswhisxgee fac o mytalocafctsuscptib fiitc ~days into a ciliated organism called a rniracidium 
disease. Lack ofomultiplication itnthe definitive and begins to secrete proteolytic enzymes, which 
hlost also has prof'ournd cotnsequences with respect 

to immunity, treatment, control, and the effects are emitted via ultramicroscopic pores in the egg 

of nutritional d~cficiencies. shell. These enzymes enable the eggs to pass out of 
bhe venule through the tissues and into the lumen ofarchlsoknomes eotg Therlarea flukesandg the intestine or urinary bladder, and thence into 

are also known as fluk~es. There are lung flukes, thousdeninm t.Hwvrwllvr50/ 
liver flukes, intestinal flukes, and the group that the e enin within tebo of the 
comprises the schistosornes- blood f'lukes. In-tile o gsrmi ihntl oyo h 
corses th'easchstyosoe mi s.ilethe definitive host. fresh water, itfluke e- If the egg enters
tiame of each type of fluke the modifyitng term re- hace an temicdum mrgssws 

fers to the final habitat of' the adult worm. All 
flukes have a unique life cycle involving alterna- about, and if' possible, penetrates the soft tissuesof' a susceptible snail. Inside the snail, it develops 
tion of generations, with a sexual phase occurring locally itto a mother sporocyst, which soon pro
inthe definitive host and art asexual phase in the duces multiple daughter sporocysts. These 
ihternwrt 'te host. It all cases, the intermediate organisms migrate from the area of penetration to 
host is a particular species of snail. the hepatopancreas, the digestive gland of the 

snail. After several weeks, cercariae begitn to 
f'orm. When these fork-tailed larval forms reach 

Please address requests for reprints to Dr. Kenneth S. War- maturity, they issue from he snail either in small 
ren, Director for Health Sciences, The Rockefeller Founda- numbers or in thousands daily, depending on the 
lion, 1133 Avenue of ihe Americas. New York, New York species of schistosole. Immersion of definitive 
10036. hosts in water enables the cercariae to penetrate 
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the intact skin, an action that they accomplish in a tissues, both living and dead [3]. Various propor
matter of minutes by means of both enzymes and tions of cercariac of S. mansoni perish while 
vigorous movement. Immediately on entering the penetrating the skin of different hosts; a signifi
skin, these or.anisnis undergo drastic anatomic, cant number (10%) die even in excellent hosts,
physiologic, and biochemical changes in order to such as hamsters. Approximately 33% die in the 
become schistosomula. These young schistosomes skin of mice, which are also good hosts; 50% die
remain in the skin tor a fewcdays and then migrate in the skin of rats, which are poor hosts [41. The 
to the lungs via the bloodstream and lymphatic yield of adult worms from a given number of cer
system. Almost all species then pass through tile cariae is lower still, being approximately 50% in 
bloodstream or tissues to the liver, where they hamsters, 40% in mice, and 25% in rats. Rats,
mature into adllt worns, nate, and move to their however, undergo a self-curing phenomenon that 
particular final mabitats in the mesenteric or results in loss of' most of their worms within sixvesical venules. This occurs four to 13 weeks weeks [5). Most primates studied, including chirn
(depending on tile species) af'ter tile time of skin panzees, do not develop high worm yields f'rom
penetration. The adult schislosomes do not cercarial exposure. This finding may he true for 
replicate within tie delinitive host, wid their hunans as well. 
average lifespan seems to be between three and In tile process of skin penetration, during which
eight years. the cercariae change into schistosomula, the

Contrary to general belief', waters containing organisms switch exceedingly rapidly from aerobic
schistosonle-in fected snails are not continuously toto anaerobic metabolism and from fresh-water 

and highly in!'ective. Even in heavily 
 etidenic salt-water physiology, and their surl'ace men
areas, usually <1/o of the snails are infected. Cer- branes undergo a drastic change. Within a few
cariae are emitted by snails in fected with hours, tile schistosornula acquire host antigens
Schislo.sona ln.vonli or Schistosoma hueatolhi- (red cell [61, immunoglobulin [7], and histocom
un f"or a relatively short period around noon and patibility [8]) on their surfaces. These antigens,
by those infected wiih Schislosonu,ujaponicttn in together with surface modification [9] and a high
the evening [I]. Most ccrcariae survive under rate 01' turnover, protect the schislosomula from 
natural conditions f'or only a few hours. Even at tile immunologic mechanisms of' tile host, a
peak periods, uptake of cercariae on f'ilters reveals phenomenon which has been called concomitant 
concentrations that are usually <1/10 liters [1]. immunity [6]. Af'ter migration to tile lutgs and

Thus, the cercariae are present l'or only relatively then to the liver, the adult male and female worms
 
short periods of time and arc .,'Jcy dispered ill -cmain 
 ill the blood vessels of the intestinal and

large volumes of*water or by currents of streams urinary excretory organs. They utilize enormous
 
or rivers. Furthermore, there are 
usually marked amounts of' glucose in glycolysis (15%-26% of
 
seasonal variations inl the numbers of snails in the 
 their dry weight per hour), and the end product

various bodies of' water. File prevalence and, par- produced 
 in the greatest amount!; is lactic acid
ticularly, tie intensity of infection in the human [10]. The schistosomues ingest red blood cells and
population are clearly related to the time and regurgitate (they have a blind gil) insoluble 
degree o1' water contact. Children usually have the pigments. the products of' a specific globinase
greatest amount of' water contact and, consc- [II]. Both uptake and output of' amino acids by
quently, have the greatest intensity of' inifection [1]. adult worms have been demonstrated in vitro [12].
The intensity of' intfection declines in later lif'e, ex- Each pair of' adult S. mansoni worms produces
cept in those with occupational exposure such is -300 eggs daily and each pair of' S. japonictrm
fishing, because the mean life span of tile produces -.3,000. The eggs, which contain no em
schistosomies appears to be five years or less 1I, 21. bryos when laid, undergo both growth and de-
There is no def'initive evidence that immunity velopment over a period of six days in tie host tis
plays a significant role in controlling the sues, and lie egg shells have ultramnicroscopic
prevalence or intensity of' tie three major pores [13]. These f'indings suggest that the eggs
schistosonie species that tiffect hunmans [I]. may utilize host metabolites. Biochemical studies 

Cercariae penetrate a wide variety of' animal of schistosone 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' 
4C-labeled isoleucine and 14 C-labeled arginine 

were incorporated into the egg's protein. Little 
glycolytic activity was demonstrated after pro-
longed incubation i glucose. Avitlh4C-labeled 
high rate of catabolism of amino acids to CO2 was 
observed, as was a very high rate of' acetate ecta-
bolismi. Degradation of' radiolabeled glutamate 
af'ter incubation with 4(C-labeled acetate revealed 
labeling consistent with metabolism by the Krebs 
cycle [14]. 

In addition to their involvement in the uptake of' 
metabolitics, 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 
eggs to work their way out of' the blood vessels, 
through the tissues, and into the lumens of the ex-
cretory organs. However, more than 500/6 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.japoniculn) or to the lungs (in the case 
of' S. hematohimun) [151. 

Pathogenesis 


The egg secretions arc antigenic and cause severe 
granulomatous inflammatory reactions that have 
been demonstrated to be cell-mediated inthe cases 
of S. mansoni [16] and S. haetatobiun [17]. In 
both types of' inf'ection, 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 intraperitoncal 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 aaimals by means of lymph node or 
spleen cells bitt not by serum 116, 17]. With respect 
to the granuloma catised by S. nlansoni eggs, 
marked suppression of tie inflammatory reaction 
has been achieved with measures that inhibit cell-
mediated immunologic reactions, such as neonatal 
tllymectomy and injection of' lymphocyte an-
tiscrunm; no effect was seen with measures that 
suppress antibody-mediated responses [18]. The 

response to S. japoniculm eggs appears to be dif
ferent, however, and may be due largely to 
antibody-mediated mechanisms [19]. Lympho
kines secreted by specifically sensitized lympho
cytes in the presence of schistosome eggs or 
schistosome egg antigens have been demonstrated; 
these include macrophage migration inhibitory 
factor [20], cosinophil stimulation promoter [211, 
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
live hydroxyproline [23]. Thus, it has been shown 
that schistosomiasis is essentially an immunologic 
disease characterized by granuloma formation and 
fibrosis induced by the schislosome eggs [241. 

The occurrence of disease following schisto
somal infection is related to the number of' schisto
some eggs 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 disease [24]. 
The rate of egg 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 eggs. Recently, studies in vivo have 
shown that administration of cosinophil anti
serum reduces the rate of egg destruction and 
exacerbates disease [27]. 

Immunity 

Acquired immunity has been demonstrated in ex
perimental animals but is not complete, usually 
averaging about 50%7. 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 
eosinophil 1291. This finding was confirmed in 
vivo by experiments showing that cosinophil anti
serum abrogates immu1nity but that neutrophil, 
lymphocyte, and macrophage antisera do not [30]. 
Further studies show that complement is a factor 
in the antibody-mediated response, both in vitro 
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[311 and in vivo 132], and that macrophages may 
be responsible f'or a small degree of' nattiral im-
muiiy (i.e., killing of' schistosomula iin previously 
uninfected hosts) [331. 

(linical Consideralions 

Another host-parasite f'actor worth mentioning in 
this context is tile effect of schistosomiasis on in-
testinal absorption, especially when caused by 
S. mUnsoni and S.juaOnicum, which reside in the 
mesenteric venules. Studies of S. mms(oni in mice 
revealed that the small intestines were heavily in-
volved in the disease process; they weighed coinsid-
erably more than the small intestines of* normal 
animals and had large nuimbers of eggs tiroughout 
their length 1341. Grantuuloma formation and f'i-
brosis were marked in tlile muscularis and scrosa 
but were slight in the mucosa. The villi and mu-
cosal epithelial cells appeared to be relatively tin-
afTected by the disease process. When, iin groups 
of inffected and control mice, tle entire small ili-
testine was perfised with various concentrations 
of' gIhcose, uret hionlinte, or sodiumi in propionate, no 
difference %%asobserved in absorption between in
f'ected and tnin tected animals [341. In infections 
clue to S. jat)oniwtm tihe intestines are not wide-
ly involved; lhe worms tend to remain localized 
and produce large masses of eggs ill particular 
areas [35], a situation Ilat may cattse initestinal 
obstrtlction. 

Advanced chronic schistosomiasis riiaiison i and 
schistosomiasis japonica result in tile hepatospleinic 
syidrome involving hiepatoniegaly, splenonleg;aly, 

and portal-systemic collateral circulation [36]. 
This syidr', ne is due to periportal fibrosis in-
duced largely by ihe ii t'lannimat ory and l'ibrotic 
response to schislosoneceggs trapped ill tile ptesi-

soidal fporta.l \enles. ltepalic blood flow re-

mains witlin normal limits becatuse of' a coiipen-
satory increase ill liepalic artery flow. Liver 
tuiction also remnainis relatively iormal because 
the parenchymal cells are not directly involved and 
siusoidal per'tsioi is uiipaired. 'lie majoroy 
complication of this syndrome is henalelesis 
from esophlgeal varices; because liver fllilCioti is 
good, hepatic coma is rare atid death occurs 
primarily from exsanguiltatiol [36]. A syndrotme 
of decotnpensated hepatospletiic disease is not um-
comIon and may be due to associated inaltnut ri-
tion or hiepat itis. 

I'urren 

Schistosomiasis haematobia, which involves the 
urinay tract, is associated with henmaluria, prob
lens stcmming 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 iunction or ure
ters [15].
 

Schistosomiasis can be treated with relative case 
today since a numnber 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 (lose of oxamninquine is re
quired for treatment of S. mansoni infection in 
Africa than in South America 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 aflect the 
parasite, the host, and the relationship between 
then. The likelihooo of' any of' these diet-induced 
changes is based on the biochemistry of' the var
ious parasite stages and of' ie host cells and meni
branes that interact with them. 
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Schistosomiasis: Nutritional Implications 

C. Ainechi Akpoln l'ron, the Department of Community ihalth Sience, College 
of Iliwnan Mh'dicie, Nichiglan State University, East 

Lan ing, lichigan 

Most studies on the interactions of nutrition and schistosomiasis have involved experi
mental animals. Generally, these studies show that schistosoniasis may be alleviated by 
severe rmalnutrilion, especially calorie deprivation. Hlowever, nutritional niodulation of 
schistosoniasis in experimental animals is observed only when severe deficicncies arc in
duced during the acute disease. Except during overt famine, in humans such severe 
forms of inalnut rit ion occur mainly in the young, who are not yet exposed to heavy bur
dens of schistosornal iinfection. Older individuals, who may be heavily infectecd, are 
usually not so severely in ahIimri shed. Therefore, the nutritional rehabilitation o1"severe
ly marnoi rished children, which should improve inmimie rtuncii i, i nlikely to exacer
bate le iinntine-nmediated pathogenesis of' schistosnal disease. Nutritional interven
lions can be planned independently of the prevalence or intensity of schistosomiasis in 
the population. Ileavy infection with Schiosomnta Inansotnican cause both direct nutri
tional losses and severe disease inauifestations. These constitute two inporalit reasons 
flor (ie administration of mass cheniotherapy to the heavily inlfected segnent of a popu
lation. Both of these adverse elfects can be corrected by a reduclion in the intensity of 
infection; coniplete cure is not necessary. 

Current efforts to combat malnutrition in devel-
oping countries by an increase in the amount of 
land used for food production have had an impor-
tait impact on the spread of schistosomiasis in 
areas where the disease is endemic. New dams and 
irrigation projects have helped to increase oppor-
lunities for human infection [1]. In 1946, Stoll 
conservatively estimated that about 114 million 
persons were suffering from schistosomiasis: 
Schistosona jap,)nicunw infected 46 million per-
sois, Schivoyonta haentatobiun infected 39 mil-
lion persons, and Schisfosomn Inansoni infected 
29 million persons [21. Current conservative esti-
mates of the number of persons infected with 
schistosoniasis 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 necessarily more 
susceptible to helminthic infections such as schis-
tosomiasis [4]. Furthermore, whereas infec;ious 
diseases exaggerate existing maltutrition in the 
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Michigan 48824. 

host, chronic infections such as schistosomiasis re
late less clcarly to malnutrition. 

In experimental infection with S. mansoni, evi
dene indicates that nutrition and infection inter
act synergistically or antagonistically, depending 
on the phase of the disease 15]. 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
tois 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 individttals 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 school children in 
hyperendernic areas 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 either 
had no liver enlargement at all or had transient en
largement only [71. 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 tnodify disease 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 seasonal 
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. lnansonioccur to-
gether than wv'hcn either disease alone is present [9]. 

Schistosoniasis can be considered primarily an 
immunologic disease in response to the deposition 
of ova il 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-
tiallv focuses on the impact of nutrition on the i:n-
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 S. japonicwn) or fibrosis of the 
urinary bladder (S. ha.mtatobiutn), 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 
epidemiologic studies in the field [']. 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. jalonicum. 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 

manifestations of schistosomiasis, earlier workers 
concentrated on the demonstration of etiologic re
lationships between malnutrition and infection 
with S. mansoni, with little success. Laboratory 
studies 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. It is a reasonable assumption that 
conclusions from those studies would apply to 
S. jap)onicum, which has similar though more in
tense disease manifestations in humans. S. heina
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 
penetration 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 [!1] 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
cause the somatic development of the worms is al
ready complete. Regardless of the stage of the dis
ease, however, egg 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 dietary 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 disease by the use of the sure, anemia, and changes in serum protein [51,oogram technique [4]. these effects do not seem to occur at the chronic
Different types of' nutritional deficiencies not stage of schistosomiasis [4]. These findings indionly interrupt egg output, but also lead to the lay- Cale that maIn utrition and schistosomiasis act syning of defective or abnormal eggs. Akpom and ergislically to the detriment of' the host.

Warren [4] 'ound that a signilicatll proportion of Although hasit negative effects on both ilhethe eggs recovered from mice fed on 4% protein host and the parasite, malnltrition (especially caldeficienl and 50% calorie-deficient diets were not orie deficiency) apparently reduces the mortalityviable. The viability of newly produced eggs in- from schiistosonliasis. In the study by Akpom and
creased with ile nutritional repletion of the hosl. Warren [4], in fected mice fed a 50% calorie-defi-Malnutrition of t he host is, theretore, harmful to cient diet showed a significanlly lower cumIiulative
the parasite because it results ill diminished egg mortality (9%) than did the control group (290/6)production, tie laying of defective eggs, and ap- or those fed on a 40/6 protein diet (31%).
parent residual danage to tile reproductive capa- Studies by Knan ft and Warren [5] on mice incity of the severely malnourished worm. These fected wit hIS. nm.soni and by Akpom and Warrenfactors inrdicate that malnutrition is antagonislic [12] using tlie von Lichtenberg technique haveto the parasite, for tile development of hepalo- demonstrated that various ntritiona! deficiencies
spleiiic disease froni iinfection wit1h S. mansonli is a inlhibit the formation of' granulonas around eggsconseqItenLce of lihe granulomatous respoiise of Ihe in the tissue of flie host. The degree of' inh ibitionhost to schistosome eggs trapped in tile liver. If induced by protein deficiency varies according tof'ewer eggs are produced, disease is less likely to its severity. )ef'iciencies of calories, thiamine,result, riboflavin, or vitamini C were all found to suppressFor the host, the comibination of' maiutrition, primary granulomatous responses to the egg. Varespecially severe protein malnutrition, and schis- ious f'orms ef malnrition in lie mouse lungtosomiasis exacerbates several parameters of acute granulonia system were also found to delay
or chronic schistosomiasis, including serum pro- temporal course 

the 
of' granulomatous reaction. Detein conceitration and parenchymal cell f'u nction. pression of cell-mediated immune responses by theWhile calorie deficiency at tlie acute stage of the various types ofimalnutrition was considered the

disease is associated with considerable aneliora- basis for these effects.
tion of' hepatoniegaly, splenomegaly, portal pres- Two studies in poor models of S. mansoni in 

l'able I. IPara:ile response to nuiritional deficiencies during the acute stage of infection wiih Schlistosomaman.soni. 

Nuitritiona l I)eficiency 

F base Type Ii fleeCl 
Ixperimental 

anli mal 
hitehAly of 
infection Reference 

Cercarial penetration Severe protein, None Molse Moderate 5 

Worm burden developed 
severe calorie 

Severe protein, None Mouse Moderate 5 
severe calorie 

Somatic development and 
matilratiott 

ToNtita yeast diet 
Viiamin A 
Severe protein, 

severe calorie 

Increased 
Increased 
Impaired 

Mouse 
Ral 
Mouse 

teavy 
Heavy 
Moderate 

16 
13 
5 

I I 

Iigg Prodlitotn 
Quantity 

"oril: yeasl diet 

Severe [I (oteiti, 

Impaired 

)epressed 

Mouse 

Mouse 

Heavy 

Moderate 

16 

5 
severe calorie 

I I
Tortila yeatt diet Heavy 16Quality Severe protein )etective eggs Mouse Light 17 
Torutla yeast diet Molise IHeavy 16
Vitatin C Guinea pig Heavy 13Viability Viiamttin "C Questionable Guitjnea pig Moderate 13 

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

ansoni" 

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 141. 

rats and guinea pigs should be mentioned for cotn-
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 [i31. 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 115] studied the utili-
zation of nttrients in mice infected for eight weeks 
with S. mattsoni. Their efficiencies of utilization 
of dietary fat and proteins was lower than those of' 
control mice. DeWitt suggested that this differ-

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 disease parameters may be 
antagonistic or synergestic, or show a balance bc
tween synergism atd antagonism; however, since 
the major effect of moderate malnutrition is the 

inhibition of egg production, which is the main 
pathology-inducing factor, the net effect of tral
nutrition on schistosorniasis 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. 

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 Schistosomna mansoni. 

Effects 

Factor Type of deficiency Acute phase 

Anemia (hematocrit) Severe protein Exacerbated 
Low serum albumin Severe calorie Ameliorated 
Damage to hepatocyte Severe calorie Ameliorated 
Hepatomegaly Severe calorie Ameliorated 
Splenomegaly Severe calorie Ameliorated 
Ascites Severe protein 
Esophageal varices Severe protein 

Severe calorie 
Portal hypertension Severe protein No worse 

Severe calorie Ameliorated 
Cumulative mortality Severe protein 

Severe caloric 

Chronic phase Reference 

Exacerbated 5 
Exacerbated 
Exacerbated 
Exacerbated 4 
Exacerbated 
Exacerbated 4 
No worse 4 
No worse 
No worse 5 
Exacerbated 4 
No worse 4 
Reduced 
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Table 4. Nutritional deficiencies associated with inhi-
bition of granulonia formation in infections with Schis
losoma ,nansoni. 

deficiency animal lechniquc Reference 

Calori Mouse infection 
Protein Molose Infecionr 5 

von lLichtenberg 4 
Vitamin C (inea pig son l ichtcnherg 4 
Riboflavin 
Thiamine 
Pyridoxine 

Mouse 
Mouse 
ioiistc 

voI I.ichienhterg 
von I.ichenhert 
vonl t.ichrenherg 

4 
4 
4 

schistosomiasis in developing countries that are 
reported in the IE-,nglish language literature, very
few cati be used or are designed to address these 
questions. 

Informat ion on the effect of nutrition on the 
manifestation of' either swimmer's orthe itch 
Katayamia fever is scanty. The forier is a sensiti-
zation phenomenon, and the latter is probably a 
form of' hypersensitivity or an allergic phenom-
etion [8]. Thus, a reasonable speculation is that 
nutritional deficiencies severe enough to produce 
anergy in the host result in diminished mani-festa-
lion of these syi' romnes. 

DeWitt et al. 1,81 used prisoner volunteers to 
study the influence of' nutrition on humans nat-
urally infected with S. malsoti. One group of 
young men with poor dietary histories infecled 
with S. mansoni for not less than two years' dura-
tion was provided with an enriched diet for a pc-
riod of nine months. Similarly undernourished 
and infected male prisoners served as a control 
group. Treatment with stibophen (Ftadin1', Win-
throp Stearns, New York, N.Y.) wa: giv,,' nine 
months after the patients started the enriched diet. 
An overall improvement in tile nutritional status 
and general health of the experimental group of' 
patients followed tie provision of an enriched 
diet. The egg output of S. manso i was monitored 
throughout the experimental period in both the ex-
perimental and the control groups, bitt tie fluc
tuation in egg count obtained from the two groups 
was such that "interpretation was difficult or inn
possible." Response to treatment was equally good 
in both groups. Sitnilarly, no difference due to ile 
effect of diet was detected ill serologic tests (1lt-
orescent antibody, slide flocculation, complement-
fixation, and circumoval precipitin tests). 

A kpon1 

Nutrition and Chemotherapy 

Two studies examined the influence of nutrition 
on chemotherapy in schistosomiasis. Luttermoser 
and DeWitt [191 treated three groups of mice withstibophen. One group was fed a complete purifiedsemisynthetic diet; another was fed a semisynthetic 
diet low in protein and lacking in choline, inositol, 

folic acid, and Vitamin 1312 (fatty-liver-inducing
diet); and the third group was fed a standard coin
inercial diet (cont rol diet). All groups were fed ad 
libitu n for four weeks prior to infeclion and 
thereafter. Untreated controls were established for 
each 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
ered by perfusion. Stibophcn was much more ef
feclive against S. matnsoni in mice fed the semisyn
thetic diet than iii mice fed the normal control 
diet. No differece was observed between mice on 
the complete purified setnisyntlietic diet and mice 
on tile fatty-liver-inducing diet, although the latter 
produced moderately severe fatty liver changes. 
Weight gain of the mice during the 13 weeks ofex
perimentation was reported to be similar for all 
iice except for those on tile falty-liver-inducing
 
diel; weight gain in this group was considerably
 
less. Rates of survival were better in all treated
 
groups, irrespective of diet, than in untreated
 
mice. In summary, the effectiveness of stibophen
 
was enhanced by the purified semisynthetic diet
 
even when (le 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 unable to identify the factors re
sponsible for these results, suggested that dietary 
habits do influence tile outcome of treatment. 

Erl'ct ofNutritional Stalu.' on Severity of isease 

Little is really known about fihe nutritional inipli
cations of schistosonliasis in humans, or about the 
relevance of nutritional modulation of experimen
tal disease for the humati situation. If the central 
policy question is the implication of mass feeding 
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Table 5. Some reported nutritional implications 91' schistosomiasis in human clinical studies. 

Implication Intensity of infection Reference 

Daily blood loss from gastrointestinal tract or Heavy (colonic polyposis) 21* 
bladder (Schistosonta ntansoni, 13 ml; Schistosonoa 
hetautohium, 23 ml) 

Daily iron loss (S. mansoni, 4 rg; Heavy (colonic polyposis) 21 * 
S. haemaot)iOnt, 7 ing) 

Daily albuin loss (S. mnunsoni, 2.2 g) Heavy (colonic polyposis) 21' 
Loss of trace elements or vitamins, especially Heavy (colonic polyposis) 21 * 
albuin-bound ones, e.g., /tic and vitamin A 

Low to-xylo;e excretion Heavy (colonic polyposis) 21' 
Elevated fecal It Heavy 22* 
Glucose intolerance Heavy 23 
Subnormal levels of serutt carnitine IHeavy 24 
No effect on treatment Moderate 18 
No effect on exercise tolerance Moderate 25 
Predisposal to later complication Moderate 7 

* Information is available intnany otier sources as well as in the reference cited. 

programs oti morbidity from schistosomiasis, 
available information suggests that clinically 
meaningful effecls occur mainly in the treatment 
of nutritional deficienicy severe enough to induce 
inimunostppression. On a large scale, such a 
situation exists only during slates of famine in 
human populations, for which, there are more 
pressing reasons for mass feeding than the effects 
on schistosoiniasis. Under conditions of malnutri-
lion commonly encountered it the adult popula-
tions of developing countries, DeWitt et al. [18] 
were unable to demonstrate more severe nmanifes-
tations of the disease. Adtnit edly, tuahtutrition is 
more severe in children than in adults in such 
countries. Flowever, children are usually not yet 
heavily infected, and the level of malnutrition at 
which the modulating effect 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 inhit-
mati populations. 

Nutritial Statu ofhow 
Nutritionald Status 

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

example, in a subgroup of :he population in Egypt 
where colonic polyposis from heavy parasitic load 
occurs in farmers in the Nile Valley, structural 
damage of the gastrointestinal tnucosa leads to 
loss and malabsorption of nutrients [21]. Chemo
therapy targeted at disease suppression (defined in 
terms of reduction of' parasite load) should reduce 
the nutritional effects and morbidity of' schisloso
miasis in heavily infected individuals living in en
demic areas. 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' schistosoiniasis must include the in

hect ef'fcct of veterinary infection on a popula
lion's food supply from animals. Veterinary infec
tions involve species of schistosomnes that do not 
infect humans. Because weight gain of chronically 
infected animals is usually less than that of unin
fected aninals, there is both economic loss and de
crease in the total yield of' agricultural prGducts 
such as meat and dairy products. However, justmuch food wastage results from these animal 
infections is unknown. 
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Discussion: Schistosomiasis and Malnutrilion 

Schistosomiasis is a disease prevalent in low socio-
economic levels of populations. In Brazil it iscon-
mon for patients with schistosomiasis to have 
concomitant hookworm infection, ascariasis, giar-
diasis, and/or amebiasis. Therapy of these associ-
ated parasitic infections may improve gastrointes-
tinal symptoms experienced by such patients [1]. 
In the case of infection with Schistosoma matn-
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 Bantigens 
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 se-
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 

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 disease is questionable. A few 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 diet. Development of schistosomes was 
impaired and oviposition occurred less frequently. 
Maldonado [6] used a diet with low-quality pro
tein (deficient in methionine and iryplophan) and 
found an increased mortality due to S. mansoni 
infection. Coutinho-Abath [7] observed a delay 
and a decrease in the inflammatory reaction at the 
penetration site of ccrcariae 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
ies 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 serum 
albumin levels and infection, while the presence of 
anemia correlated with malnutrition but not with 
S. mnansoni infection. 
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Thus, while severe malnutrition may alter some 
host resistance 'actors, the parasite may also be 
affected; atrophy, reduction in oviposition, and 
production of altered eggs may result. The end re-

stilt is probably biologic neutrality. Observation 

o' a few cases of severe schisosomiasis in the 

same endemic area, or even within Ile sane faini-

ly, almong many clinically mild cases, does not favor 
at role for nutritional I'actors ill tie natural course of, 
the disease. Even in patienis dying from severe 

schistosomiasis, liver changes attributable to real-
nu1.itrition (e.g., fatty liver) are not frequtent. Con-

current malutlrition, however, may exacerbate 
the development of' clinical manifestalions (such 
as weightti,lossloss, weak ness, anenia, hypoalbumin-, leaknetsanemiah. a'lii1-
elnia, anld ede1a), ill pat iel IS With S. I ISo1i inl-
fect ioni. The associated pathology conlinmonly 

fOtilid ill pa lien ts vithllco oiiall in alnutrition 

and schislosoniasis makes it impossible to define 
the trte interact ion of Ihese elements ill humans. 

Aninal models have been used for sulch slidies, 

but extrapolation of1 such data to humans may not 
be valid. There is, Ihereforc, t need for long-term 
prospective and controlled field studies. 

H.oNIR RocilA 

Rocha 
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Malaria: Hosl-Pathogen Biology 

David J. Wyler Fron the Division of Geographic Medicine, 
Tufts-New I.nrInd Aedical Ceter, 

Boston, Maisuchusetts 

The development of resistance to insecticides by anopheline mosquito vectors of 
malaria and of resistance to drugs by Plasmodiumn falciparntt pose new challenges for 
malaria control programs. The establishment of methods for the continuous cultivation 
in vitro of plasmodia provided an important new Iool f'or research into tile cellular 
biology and metabolism of these parasites. The molecular basis of the parasite's attach
met to and entry into erythrocytes in the host isbeing elucidaleu. 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 sludied with regard to alterations in erythrocyte antigenicity, rheologic properties, 
and tle transport of' nutrients and antimnalarial drugs. The host's inimune response to 
malaria isbeing assessed with regard to both protective and immunosuppressive effects. 
The rapid accurnulation of new knowledge of host-parasite biology could provide the 
basis for tile design of novel pharmacologic and immunologic meliods for the control 
of malaria. 

Malaria continues to be a major cause of morbidi-
ty and mortality in many developing nations. I lie 
World Health (;rganization (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 11]. Sadly, the situa-
tion in a number of countries 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, optimism 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 awareness 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-

Tthe author is grateful io t)r. tLouis tt. Miller for his stigges-
(ions in the preparation of ius manuscript. 

Please address requests for reprints to )r. t)avid .1.Wyle 
Division of Gcograpttic Medicine. Tufts--New 1i-ngland Medical 
Center, 136 Harrison Avenue, Bostou, Massachusetts 02111. 

rochemical industry have placed huge financial 
burdens on the limited budgets of developing na
lions. Moreover, it is increasingly apparent that 
resistance to insecticides in mosquitoes as well as 
resistance to drugs in P. alciparum 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 efforts 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. fidciparum. For a more detailed description 
of the biochemistry 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 to 
malaria are reviewed elsewhere [6-9]. 

Life Cycle of P:itgs'loditm 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 
erythrocytes, the parasiles grow and replicate in a 
process referred to as schizogony; within 48-72 hr 
(depending on the species of Plasmnodiuw) the in-
fected erythrocytes rupturc, liberating six to 24 
nIerozoites, each capable of invading other cry-
throcytes. The life cycle is completed when a small 
percentage of intracrythrocytic parasites develop 
into the sextial stages knovn as galnetocytes and 
are taken tip by susceptible feeding anophelline 
mosquitoes. In the mosquito's gut, infected red 
cells lyse, releasing male and femialc gancles that 
tite to form the zygote, which subsequently 
develops as all oocyst in the gut wall. Sporozoites 
released from the mature oocyst migrate to the 
salivary glands of the mosquito, whence they ire 
injectcd into tile host during a blood tieal. 

)isease resuts solely t'rorn tlie asexual erythro-
cvtlic piarasiles; neilher splorozoites, hepatic exo-
erythrocytic Forms, nor galneltocyles cause illness. 
Although a large varicly of, nonspeciftic symltotis 
tiiay accompany malaria, the hallmark of' tie 
disease is debililaling fiever 1hat may be very high. 
There is a direct relatiotiship betweeti the density 
of parasiles atd morbidity and mortality 110]. 
Thus, it is hot surprisinrg that I'lasmoim vi'a.v, 
Ph.smodint/ malariae, atnd Ih.Is1noditn ova/,, 
species restricted to development in a subpopula-

lion of erythrocytes of different ages, generally 

cause nonlethal disease, whereas P. fulcilmtuln, 

which can grow in erythrocyles of' all ages, in-

itiatcs palliologic processes that may be lethal. 


Invalsion of the Ery'throcylc l3y tIhe Merozoite 

The nierozoile is ani obligate intracelIular form of 
the parasite can in ali extracellularthiat survive 
milieu f'or only short periods of' time. Since ex-
tracellular cultivation of' tile parasile has been 
achieved with very limited success [1I1, little is 
known of its metabolism, and indeed characteriza-
lion oft ile merozoitc membrane is just beginning. 
The organism is surrounded ty an electron-dense 
surface coat 1121 that extends -20 in f'rom the i 
merozoite mnibranc and most likely is composed 
of' protein or glycoprotcinl 1131. This surface coat 
is anltigciiic, and antibodies Ihat react with tlie 
coat call agglutinate incrozoites [13] and possibly 

IF'Ier 

interfere with the process of the invasion of 
erythrocytes [14]. Sonic researchers speculate that 
merozoiles undergo antigenic variation in a man
ner analogous to that described for Trypanosoma 
and, specifically, that alterations in the antigenic 
composition of the surface coat might account for 
this variation. Electron micrographic studies of 
the merozoite revealed specialized organelles that 
may be important in the process of invasion. At 
one 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 
crythrocytcs selectively. Specificity also restricts 
tile interactions of plasmodial species to crythro
cyles of sisceptible species of hosts 115, 161. Some 
species of plasilodia (e.g., Plasm1odirun, berghei in 
the rat and P. vit'.\ in man) invade only the young 
erythrocytes of' tile susceptible host. In addition, 
withi i a species, genetic host determinants may 
dictate tire susceptibility of tile erythrocyte to in
vasion. Thus, for example, blacks are generally 
resistant to malaria caused by 1-. viva.v. These con
sideralions suggest that the initial interactions be
twecn parasite and host cell entail recognition of 
specitic surface receptors. 

Interactions between nicrozoitcs and erytlro
cytes were carefully sludicd by use of real-time 
Noniarski interference microscopy 1171. Mero
zbitcs atlach to susceptible erythrocytes via their 
apical end and induce marked deformations in tile 
erytlrocyte membrane; waves of def'orniations 
spread tit fromt the initial site of' altachnient. 
Thereafler, tle incrozoile cners the erythrocyte 
by a process resembling cndocytosis and comes to 
reside in a parasitophorous vacttole created by their a iit' rtlr c tc m m rteinvaginalcd erythrocyle memlbrane. 

Miller et al. observed tihat merozoites of' lie 
simian ialarial parasite Platsiofillm k1owlesi 
(which can also infect man) allach in vitro only to 
cryllrocylcs of simian or human origin [161. f-I L

mn crylhrocytes pretrcatcd with chytiotrypsin or 
f)roiase, btil iot with ncuratiinidase or trypsin, 
lost Ihcir stisceptibility to infection by P. knolwlesi 
[161 and indeed f'ailed to permit le initial attach
men. phase. This result suggested flie presence ofa 
chyimotrypsin-scisitivc receptor, possibly a glyco
protein, oti the surface of tlie erythrocyte. 

Sinlce blood group substances are the best-de
fitled surtfitcc componcnts of' erythrocyles, these 
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substances were suspected to be receptors for the 
merozoite. In screening a large number oferythro-
cytes of different blood groups, Miller et al. 
observed that erythrocytes lacking the Duffy 
blood group determinants (i.e. I'yFy) were not 
susceptible in vitro to invasion by P. knowlesi,. 
Furthermore, treatment of l)uff'-positive erythro-
cytes (Fy' Fyll) with chyinotrypsin removed these 
determinants (but not Fy') and with them the sus-
ceptibility to invasion. In addition, anti-Fy' anti-
sera blocked invasion [18]. -lowever, trypsin- or 
neuraminidase-treated Duffy-negative erythro-
cytes were invaded by P. knowlesi even though 
they still lacked the Duffy determinants [19]. 
Taken together, these observations suggest that 
the l)uffy blood group system is not the receptor 
for P. knowhsi, but that a still undefined l)uffy-
associated determinant may act in triggering inva-
sion. The relevance of tiese findings to human 
malaria derives from observations that blacks 
shown to be resistant to P. vi'(x were all )uffy 
negative [201. Since the majoritv of African blacks 
are )uffy negative, the factor that confers natural 
resistance to P. vivax in this population is prob-
ably related to the l)uffy blood group system. The 
finding that erythrocytes from rare nonblack indi-
viduals who are l)uffy negative (presumably be
cause of' spontaneous mutation) resist invasion by 
P. kno w/esi suggests that the relationship of inva
sion to the Duffy system is not one of genetic 
linkage. 

The concept of the specificity of the erythrocyte 
invasion is corroborated by observations that 
Duffy-negative erythrocytes, though resistant to 
invasion by P. knowlesi, are nonetheless suscepti-
ble to invasion by P. /tlciprtuln.l)uffy-positive 
cells treated with chymotrypsin escaped invasion 
by P. knowhfsi, whereas those treated with trypsin 
were infected. Conversely, Duffy-positive cells 
treated wvith chymotrypsin suffered invasion by 
P. f/alcil)arum, whereas those treated wilh trypsin 
did not [211. These in vitro observations paral-
lelthe clinical recognition that blacks resis-
taut to P. Vi'x arC PVIncthelCss fully susceptible to 
P. flcilurutn. 

The process of invasion itself' is complex, rapid 
(complete in 20 sec in mtro),and, inview of' tile 
nonlhagocytic nature of' tile ciythrocyte, must 
represent a relatively uniquc form of' entry. 
Aikawa et al. [22] provided electron micrographic 
evidence indicating that, upon contact between the 

apical end of the merozoite and the erythrocyte 
surface, the erythrocyte membrane becomes 
thickened, forming a circumferential site of at
tachment, and the membrane invaginates. As the 
invagination deepens, 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. Finially, the junc
tion fuses at the posterior end of the merozoite, 
and the outer erythrocyte membrane reseals. 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 from 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 
delormations involved in the process of invasion. 
One consequence of invasion is that the merozoite 
surface coat is excluded from the developing para
silophorous vacuole and is shed. 

iLife Within tie 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 undergoes alterations. As revealed by freeze
fracture studies, intramembranous particles of the 
parasitophorous membrane are reduced [24], and 
apparently the enzyme constituents of' the meme
brane are rearranged. Membrane ATPase (adeno
sine triphosphatase) is normally located on the 
inside and NADI- (nicotinamide adenine dinu
cleotide, reduced form) oxidase on the outside of 
the erythrocyte membrane. Because the parasito
pliorous vacuole forms by invagination of' the 
erythrocyte membrane, one would elect ail op
posite orientation of these enzymes in the vacuolar 
membraie: AT'Pase oriented outward and NADH 
oxidasc oriented inward. Yet Langreth [25] found, 
by histochemnical techniques, that tile 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 major effect of the 
parasite on the reorganization of the parasito-
phorots vacuolar membrane. 

The metabolic activity of the parasite within thc 
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. Sevcral at-
tempts have been made to isolate the parasile from 
the erythrocyte by a variety of techniques, bul it is 
unknown whether these methods adequately pre-
serve the metabolic integrity of the parasite. Ex-
tracellular cultivation in vitro of Plhsmtodinm 
Iolhurae (a Plasmoiumn that infects ducks) was 
achieved [II], but extracts of (luck erythrocytes 
are recquired 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 defiintion of' 
the substrates presenv in culture. Moreover, 
because the extracellular parasites appear to be 
"leaky," an accurate assessment of substrate pool 
and transport is impossible. 

One aspect of' tihe biochemistry of parasites that 
is very important for chemotherapy and potential-
ly important for host nutrition is that of folate 
metabolism. Plasmodia synthesize folate c.)fac-
tors de novo and cannot utilize exogenous folate 
in the same way that mammalian cells can. 
Sulfonamides, by virtue of thei, structural 
similarity to p-aminobcnzoic acid, block the en-
zyme (dihydropteroate synthetase) involved in the 
synthesis of dihydropteroate, an intermediate in 
the synthesis of' dihydrofolate. Plasmodial dihy-
drofolate rcductase, a key enzyme in the forma-
tion of tetrahydrofolate, was found to have a 
binding affinity for pyrinethamine two to three 
orders of magnitude greater than that of' the host 
cell. Thus, pyrimetharnine 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 

il ''Ir 

nutritional viewpoint, it is interesting that animals 
placed on milk diets deficient in folate substrates 
experienced less severe malarial infection than 
those receiving diets containing p-aminobenzoic 
acid [26, 27]. 

The recent establishment of' a technique for 
continuous cultivalion of certain species of Plhs
inodium 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 oxygen in parasite growth, and par
ticularly the relationship of erythrocyte hemoglo
bin composition and oxygen tension to parasite 
development. Interest in this area 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. ./acil)run (i.e., they have lower levels of 
parasitemia than people without the sickle trait), 
but not from infection with P. mnalariae. 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 areas where P. .flcipurutn is 
endemic. In an effort to provide a molecular ex
planation for the earlier clinical and epidemiologic 
observations, Friedman [29], Pasvol et al. [301, 
Roth el al. [31], and Friedman [32] subsequently 
examined in vitro the infection with P. falcilparun 
of erythrocytes containing sickle hemogiobin. 
They determined that erythrocytes containing AA, 
SS or SA hemoglobin were invaded at similar rates 
under aerobic condition,;, but invasion was slight
ly reduced in SA cells and dramatically reduced in 
SS cells under conditions of low oxygen tension 
(pO2 = 35 mm Hg). Redtction of invasion did not 
depend on sickling of the erythrocytes. In addi
tion, intraerythrocytic development was retarded 
in both SA- and SS-conlaining cells under condi
tions of low oxygen tension. Infected erythrocytes 
containing SA hemoglobin sickled more readily at 
low oxygcn tensions than did uninfected erythro
cytes. Loss of' intracellular potassium from in
fccted sickled cells may have resulted in death of 
the parasite. Since erythrocytes containing P. fal
ciparumn are sequcstcred 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 intraerythrocytic development of 
young parasites. 

Epidemiologic evidence suggests that other 
erythrocyte variants might also protect against 
fatal inf'ection with P. .lalciparimi. The gene fre-
quencies of glucose-6-phosphate dehydrogenase 
deficiency (G6PD-) and thalassemia (thai) tend to 
be most common in areas originally endemic for 
P. faicil)ar'tn 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 tha! is less compelling than the data presented 
for sickle hemoglobin. This topic was recently 
reviewed [341. Certain studies suggest that in-
dividuals with G6PD- are 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 G6PD- individuals [351. Bienzle 
et al. [361 observed lower levels o," parasitemia in 
heterozygous females (Gd.i-/Gd1 genotypes) than 
in nondeficient or homozygous females; they con-
cluded that the h;gh frequency of the G6PD- gene 
was maintained mainly by the selective advantage 
against malaria imparted to hctcrozygous females. 
An earlier study by Luzzatto et al. [37] of' hetero-
zygous females infected with P. facipartn dem-
onstrated a greater freq riency of parasitization of' 
erythrocytes with normal levels of' glucose-6-phos-
phate dehydrogenase (G6PD) than of deficient 
erythrocytes. However, the subsequent discovery 
that P. falcil)aruin preferentially invades young 
erythrocytes leaves the interpretation of these 
observations open to 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, die find-
ings of Luzzatto et al. may have been simply a 
result of preferential invasion of young erythro-
cytes by P. falci)armn; 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. facip)arum in G6PD- and thai 
erythrocytes was recently investigated by means of 

in vitro techniques. G6PD- erythrocytes, as well as 
a-thal and P-thai cells, failed to support replica
tion of the parasite in vitro under conditions of 
oxidant stress. Although high 02 tension (300%o) 
inhibited multiplication of the parasite even in 
normal erythrocytes (60% reduction), this inhibi
tion was more pronounced in G6PD- (85%), 
a-thai (82%), and fl-thai (81%Wo) 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 tile adverse effects of 
riboflavin on replication of the parasite in G6PD
cells, but not in fl-thai cells. On the other hand, 
vitamin E, which prevents free-radical-mediated 
lipid peroxidation, prevented oxidant damage to 
fl-thai 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
tracellular 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 H20 2. It follows from this notion 
that G6PD- cells would be more susceptible to the 
oxidant stress of plasmodial infection because 
their ability to regenerate 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 theoretically result in the death of the 
parasite and the resultant protection of the host 
from lethal infection with P. falcipartm. How
ever, the conflicting clinical data on the protective 
role of G6PD- may necessitate the proposal of' a 
third factor in the hypothesis concerning G6PD
and malaria. 

As suggested by Friedman [38], dietary oxidants 
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or a deficiency of antioxidants might be necessar\ 
in vivo in order for G6PD- cells to exert an in-
hibitory effect 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. falcil)arum may have provided the necessary 
dietary oxidant to permit the protective effect of 
G6PD- in malaria. This might help to e.xplain the 
high gene frequency of G6PD- in areas 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. berghei 
than did mice receiving tie same diet supple-
mented with vitamin E [41]. Perhaps other dietary 
antioxidants or oxidants, such as ascorbic acid, 
niacin, and selenium, hav2 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 tie intracellular 
parasite by virtue of the potential role that 
catalase plays in scavenging 1-202 produced by 
plasmodia. Thus, theorciically, 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 Erythroeyte 

A number of changes in the structure and function 
of erythrocytes follow invasion and parasite 
growth, although the physiologic significance of 
some of these changes is unclear at present. 
Because the alterations in erythrocyte membrane 
were recently reviewed [5], I 'ill discuss only those 
changes that have apparent imuntnologic or 
pathophysiologic significance for the host. 

Invaginations in tile erythrocyte membrane can 
be found by electron microscopy of cells infecled 
with certain plasniodial species. Erythrocytes in-
fected with P. vivu. and P. oval/ have invagina-
tions on their surfaces called cavcolae and are sur-
rounded by small vesicles [421. The number of 
caveolae increases as tlie 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. vivov 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) \kithin 
thcir cytoplasm that are believed to be extrusions 
of the parasitophorus vacuole membrane. 

Infection with some species of plasmodia (e.g., 
P. falcilparum and P. malariae)is associated with 
the presence of electron-dense knobs on the sur
face of the erythrocytes. The knobs of P. fal
ciparum schizonts form junctions with venous en
dothelial cells and appear to be the basis for 
sequestration of' tie late levelopmental 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. falcil)arum has been shown to bind to 
the knobs [44], but not to areas 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 
decreased [45]. It is of interest that increased 
sodium content has also been found to be a 
feature of tile uninfected erythrocytes of the 
malarious host [46]. These changes might be 
ascribable to modification of the erythrocyte 
mnen irane 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 nicrovascular obstruction that oc-
curs in infection with P. falciparum, 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 et al. was that ac-
cumulation of the antimalarial agent chloroquine 
is markedly enhanced in erythrocytes infected with 
P. beri hei [48]. Increased accumulation was 
observed in erythrocytes 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 erythrocytes 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. her-
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 mnem-
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 

changes in the parasite or only sequential selection 
of subpopulations of parasites is unclear. 

Furthermore, although whether antigenic varia
tion occurs in human malaria is unknown, the an
tigenic heterogeneity of P. falciparum 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 Plasmodium 154]. 

Recent evidence indicates that new antigens ap
pear in the plasma membrane of infected erythro
cytes and cross-react neither 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 of 
the host erythrocyte membrane miglt 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 
erythrocytes. 

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. falciparmn, P. vivax, and P. ovale, and -72 hr 
for P. malariae. 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 notnimmune in
dividuals with P. falcipartum [57, 58]. At present, 
the following sequence of events during severe in
fection with P. falciparum is plausible. 

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



792 
Wyler 

intestines, kidney, spleen, and placenta. This at- infection are rare complications. The basis for the
tachment seems to be mediated by the presence of thrombocytopenia seems to be the sequestration
the electron-dense knobs on the surface of the in- of most platelets in the enlarged spleen [641; the
fected cell. In addition, the decreased deformabili- basis of the granulocytopenia is less clear, but 
ty of the infected cells contributes to a decrease in might be similar. Abnormalities in tile concentra
local microcirculation ill these organs (or "sludg- tion of humoral clotting factors also may accom
ing" of blood [59]) and results in local hypoxenia. pany infection, and chemical evidence for dis-
As a result, the endothelial integrity is breached seminated intravascular coagulopathy is not rare.
and transudation of fluid into the interstitial space However, pathologic evidence of intrasvascular 
occurs. This sequence is readily observed patho- coagulation may not accompany these chemical
logically in tile acute pulmonary edema of malar- abnormalities [65]. The basis for depression in the
ia. If sufficiently severe, this process may uhi- clotting factors and the presence of circulating
,nately lead to local microscopic hemorrhage, as is fibrin degradation products is uncertain, but 
seen, for example, in cerebral malaria, or to cell might result from tile triggering of tile intrinsic
death, as is observed in acute tubular necrosis as- clotting pathway by thromboplastins released 
socialed with nalaria due to P. facip)arum. Ofpo- from erythrocytes following schizont rupture.
tential nutritional importance are the alterations 
in intestinal nicrocirculation during talaria, al
though tie impact of these changes oti intestinal Immune Response iii Malaria 
absorption have not been fully investigated [60]. Malaria initiates a number of specific and non-

The vasodilation secondary to fever results in a specific immunologic responses, some of which
decrease in "effective" plasma volume and ini- are significant for host defense. Characteristically,
tiates homeostatic mechanisms aitned at restoring infection stimulates polyclonal antibody syn
plasma volume. Secretion of'antidiuretic hormone thesis resulting in hyperganumaglobulinenia.
and aldosierone increases [58] and causes a de- Only a small portion of the antibodie, produced
crease in free-water clearance. When the degree of' appear to have antiplasnodial specificity [66].
renal water resorption exceeds sodium conserva- Some of tile antibody has been shown to have
tion, hyponatremia results, specificity against autoantigens [67], although

A variety of hematologic abnormalities may autoimmune disease does not result. The basis for
result from malaria. Anemia occurs as a conse- the polyclonal stimulation is imprecisely under
quence of the rupture of' erythrocytes during stood but may include nonspecific stimulation of 
schizogony, but the degree of ancnia frequently T cells by mitogens present iti plasmodia [68]. If
exceeds that attributable to the degree of' the T cells stimulated by these substances include

parasitemia [61]. 
 helper lymphocytes, these might in turn activate a

The basis for the excess anemia is unknown but large number of B-cell clones. Using the rodent 
to date little evidence suggests that defective cryth- malaria model of Plusinoditm 'oelii in mice,
ropoicsis occurs in human malaria. Although an Wyler et al. showed that macrophages of infected
autoinnune mechanism has been postulated, mice secrete supernormal amounts of tile nono-
Coombs reactions can rarely be demonstrated in kine lymphocyte-activating factor [69], which
nonimnmune patients with malaria [621. Int con- might theoretically enhance the sensitivity of 
trast, evidence of Coombs reactions has recently helper T cells to other immunologic signals (e.g.,
been presented in a study Of individuals living in a parasite-derived mitogens) and thereby participate
region where malaria is endemik [63]. Some of in the polyclonal stimulation of B cells. 
these individuals were Coombs test-positive bothI Another manifestation of nonspecific stimula
during acute infection and after treatment. The tion is a dramatic hypcrplasia of tie spleen associ
significance of these observations to the patho- aled witi a tmarked increase in th niacrophage
genesis of fihe alCllia of' nalaria awaits eluci- population [701, as vell as reorganization of tile
dation. distribution of' splenic lymphocytes [71]. The

I irombocytopenia and granulocytopenia fre- consequences of splenonegaly include sequestra
quently accompany nialaria, but spontaneous tion of platelets and enhanced trapping of'
bleeding and increased susceptibility to bacterial parasitized erythrocytes. O'Conor postulatcd that 
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the "reticuloendotdhelial hyperplasia" resulting 
from malaria plays a role in the deveiopment of 
Burkitt's lymphoma in patients from malaria-en-
demic regions who are infected with Epstcin-Barr 
virus and in the development of so-called "tropical 
splenomegaly syndrome" [721. The latter is charac-
terized by massive splenoniegaly, hypergainma-
globulinemia, anemia and neutropenia, and a 
characteristic lymphocytic infiltration of hepatic 
sinusoids [73]. Although patients with this disease 
flreqtcnt Jl lack demonstrable parasitenia, they 
often respond to treatment with ant inialarial 
drugs [74]. The etiology of the disease is tin-
known, but its geographic distribution is restricled 
to malarious areas, and malaria is believed to play 
some role in ius pathogenesis. 

In addition to nonspecific stimulation of certain 
immune responses, malaria may also result in 
immunosuppression [75]. Children with high 
levels of P. h/lcil)armn in the blood were found to 
have subnormal scroconversion rates when ima-
munized with tetanus toxoid 176] or polysac-
charide antigens [77] ;and to experience decreases 
in numbers of circulating T cells [78]. In addition, 
a variety of blunted humoral and cellular immune 
responses both in vivo and in vitro have been 
observed in rodent malaria. It is unclear whether 
and in what manner inmunostppression mnght be 
clinically important in children with malaria. 
Although these children are considered to be at 
greater risk for inteicuirrent infections (e.g., diar-
rhea, pneumonia), this belief has not been ade-
quately documented in controlled studies. 
Whether tlie immnosupp!'ession somehow inter-
feres with the induction of important antimalarial 
imnune responses in children is also unknown. If 
it exists, such a mec'hanism might help to explain 
why protective inmmnitly 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 P/astnodiunm, Cohen et al. 
clearly demonstrated in humans [82] (and it has 
also been shown in experiment-d animals) that 
transfer of y-glolulin fronti immune donors can 
protect recipients from malaria. Similarly, 
transfer of spleen cells 183], as well as transfer of 
specificially immune T cells, can protect rodents 

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 to resist challenge with the homolo
gous strain of P. knowlesi [14]. Indirect evidence 
[84] suggests that transfer of hyperimmune serum 
:o nonimmune rats protected them from challenge 
'vith 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 diat antibody to plasmodia can promote in
gestion of infected erythrocytes by macrophages 
[85], studies of clearance of "1Cr-labeled P. ver
ghei-infecled 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 con
ponents (Cl, C4) have been observed in relation to 
schizont rupttre [87], depletion of the later con
plement components by treatment with cobra 
venon factor or early components with shark fac
tor had no effect on the course of infection with 
Plasnodiunm coalnej,i in monkeys [88]. Little is 
known about the role of cellular immune 
mechanisms in this disease. Preliminary observa
tions suggest that lcukocytes capable of damaging 
parasitized erythrocytes might exist, but these 
have not been clearly indentified [89]. An in
teresting hypothesis originally proposed in the 
1940s and recently revitalized [90] suggests that 
soluble ICukocyte (macrophage?) products might 
be able to alter the transport of nutrients into 
parasitized erytlhrocytes 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 di ense 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 salutary effect in malaria remains a mystery. 
Recent evidence suggests that tlie function of the 
spleen in trapping rigid erythrocytes, 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 tile 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. malariae. These children develop nephrotic 
syndrome and, at renal biopsy, are found to have 
either focal or diffuse glonerulonephritis. Deposi-
tion of immune complexes on tie glomerular base-
ment membrane have been identified by indirect 
tissue inmmnofluorescence 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 inmune complexes. 


Summiary aid Conclusions 

The 	 biology of lie host-parasile relationship ill 

ialaria is highlv conh lex and only recently has re-
ceived broad attention ficm molecular biologists 
k:id 	imnntologists. Tile snecificity of' receptorso iintlo stsfor .h asbeen6. 

strafed and attention hiac drawn to the coi-

ccess. 
characterization of the eryt hrocyte receptors is 
needed, and lie alterations in erythrocytc mlelm-

plex natunre of tile cndocyt ic 1,, Isolation and 

under Study. 
The new technique for continuous illvitro culti-

vation of P. falciparum, currently being applied to 
careful investigations of' lhe metabolism of' the in-
tracellular parasite, illay provide insights useful ill 
the development of new chemotherapeutic agents. 
The role of the parasite as an oxidant stress oii ti 
erythrocyte and tile impact of genetic variants of' 
erythrocyte hemoglobin and enzymes oii the 
development of' ihe parasile ire being lcidaled, 


The possibility that iutritional factors might be 
inportan ii ni odulatinig oxidant danave to the 
infected erythrocytes needs to be c,'"lored iin 
greater detail. The significance of deep vascular 
schizongony il tile dev'elopmnt of' tte parasite 


has riot been clarified and is potentially importanit 
for tie development of novel chemot herapeutic or 

W/vler 

immunoprophylactic treatments for this disease. 
Finally, much remains to be learned about the 
basic mechanisms of' host defense and ira
munoregulation 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; 
careful 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 to 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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Malaria: Nutritional Implications 
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ao iIIiIi tactorsEpidciii nologic 1101ogic dctcrminc the impact of maIa ria oiitile 
demography and economics ofhiiian COlmmllities. Where ialaria is epidcmiological
ly slable, its effecIs are inost obvioUs in youiig clildreni; adilis, becatIse of acqired im
1n1ity, arc iuch less affected and remainaill economically viable work force. Where 
tlie disease is tm11slahle, it aflects alt age grollps anld itmay intcapicilale adults elotigh Io 
impede 1ood production seriously. Three areas are identifed ill which iialaria may Ld
vcrsely affecl host niIriion: low hrirth weigit, fihe development of prolcin energy ial
itilrition, and the paihogenesis of aleinia. The inli'litence of' host nuiritioll om lalarial 

i flctioLis is con sidcred. The view is expressed tIat, allhLtigh dlicielcics of soil c di-
Clary '.acto s liay potentiate the resistance to malaria coi'rcd by sonic genetic Irails, 
there is as yet little convincing evidence Ihal tialtrilional siilaes ill i.tl n.lllSmaterially 
elil allce Ilie secerilv or tellialiy of pisinodiIl iil'cclioiis. 

The inflience of malaria oil huiman conLilies 
is largely determined by the ItliCtit y of tle prcv-
aleni plasioidial Species attld by l ite epidciniologic 
form of, trallsmlission ill Itie local elivirollnent. 01 
ilie lour llasinodial Species thai infecl iaians, 
two make relatively nlinor coIttribLtionis I0 tile 
sumtti of litilnial stfferilio caused by malaria: Phs'-
,nodizum 1U/hWrith' liIdcrgoCs a proloniged period
of' development ill the miosquiito vector that greatly 
liliiits ilstraitsnfissibility, aiid I /t'iodiu,,t ol /C 
has limited geographic distribution. Ilumnoditin 
./ihilirumn ad PIsItoi(uun Vil'U.\, on lieother 
hand, are pathogens of great imlportance. Both are 
widespread throtghoutl the world and have lite 
ability, given suitable cirel' lis. ances, to spread 
rapidly and calse severe, incapacitating illness. Of 
these two parasiles, P. fl/cil)irin: is tile more 
dangerous because un1treated infections with this 
species frequently termimate ill death, whereas un-
trealed infectons with P. vivu.v arc rarely lethal. 

Macdonald III has described Ilie Iwo epideniio-
logic extremes in which Ilalari a cait exist: one 
where insfability is the doitinait feature and 
where incidence is characleii/ed by marked sea-
sotial Swvings ofr by intermitttll, soicillics cycli-
cal, epidemics; itle othter whlere stability is tile key-
nofe anld \hwcre inciden ce reitiainsu ilform and 
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McGregor, I)ep nriint of ropical Medicine, poloCIviV lol 
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relatively Lunchanging for long periods of time. Be-
Iwcen hiese two extremes, intermediate cpidetiiio
logic patterns occur. Although tiany factors-en
toniologic, climatic, genetic, and sociologic
combi e to shape these patterns, one factor, the 
acluisition of protective host ilntiLily, is of 
paramoutt inportance. The inlensity and dura
lion of inifectious challenge are iiiportaiit fealtures 
il ilte evolulion of such iininiitily in bolh the indi
viehal and the colliliuniity. Il coiiitillities ex
posed to Ifrequlent, repeated inoculation over many 
years, tIle rcstiltant high level of cotim1utl1iiii

uiunity stabilizcs the epidcmiologic siltion. The 
best example of stablc malaria occurs int he areas 
of' tropical Africa where P. .ulciputrum is highly 
endemic. There the brull of inlfection falls on 
young children, with conseqlueni inflation of' mor
bidiiy and mortality in early life. In older children, 
tIte progressive acquisition of effective iminiunity 
profoundly reduces the lethal and clinical conse
qttences of infection until, iii adult life, wit, the 
possible exception of preglilnll wolleli, at host
parasite balance resembling commetnsalism is at
tailled 121. It such a sittiation adults remain, in the 
face of' sustained infectious challenge, economi
cally viable workers, capable of coping with [ihe 
Strenuous physical activities required for success

fulV raising a1d Iarvesliig essential f'ood stIpplieS 
ill subsistence agricuillur,1 commnities 131.loe wler e sia e inaIaria pevais, tesiiisThere-
Fore, Whrerever i i rvlils, IllCISlrIC 
to control or elitinaltc it can be expected to ilil
prove the health and survival of' young children 
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and to contribute to increased population growth, 
but not necessarily 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. viva.v, morbidity 
greatly overshadows mortality; if it is P. falci-
partin, morbidity and mortality are both prom-
inent. With unstable malaria, tile full economic 
impact of the disease becomes obvious. High adult 
morbidity may seriously interrupt civil adniinistra-
tion, disrupt lines of communication, and impede 
the planting, tending, and harvesting of food 
crops. Perhaps the best description of unstable 
nmalaria and its consequences is that by Chris-
tophers [41 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 Anol)hees gal-
biae to Brazil in the 19.)s [5], the epidemic of' P. 

falcil)pruln in tie Ethiopian Highlands in 1958 [61, 
and the resurgence of' malaria caused by P. vivu.v 
in Sri Lanka in 1967-1968 [7]. Unstable malaria is 
the epidemiologic form most feared by malariolo
gists, particularly whe, for any reason, the dis-
ease becomes resurgent in a country after many 
years of effective control by drugs or by insecti
cidal control of' the mosquito vector. 

Today, while we recognize that acquired im-
munity can profoundly modify the conseq;,ences 
of malarial infection in both the individual and the 
community, we remain relatively ignorant of how 
protective immunologic responses are assembled 
and modulated. Two decades ago evidence sug-
gested that antibody-mediated mechanisms formed 
the basis of protection; this evidence was based 
on the successful passive transfer to children of 
immunity by the immunoglobulin G (lgG) frac-
tion of immune adult serum [8]. However, recent 
animal studies [91 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 ccll-iiediated re-
sponses may play an important role in protection. 

Current theory indicates that host responses to 
malaria are complex, involving close collaboration 
between macronlh-ages, different subsets of T cells, 
and B cells [10]. Collaboration appears 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 IgG, 
IgM, and IgA are synthesized, and complexes of 
antibody and antigen develop, some of which ap
pear capable of activating complement. Some of 
these interactions lead to the death of the parasite 
by mechanisms as yet unknown. Others may have 
no protective effect, but instead may initiate new 
disease syndromes such as the glonierulonephri
tis which sometimes develops in infections with 
P. Inalariae. Yet other interactions may induce 
depressed host responsiveness, which enhances 
plasmodial survival vilhin the host and may in
bibit responses to hieterologous antigens. This lat
ter phenomenon must be borne in mind during the 
analysis and interpretation of the results of studies 
assaying immunologic defects in individuals who 
are both malnourished and nmalarious. Lack of 
knowledge of the various components of malarial 
immunity, their activation, and the:r sequential 
function currently inhibits speculation on how 
they may be influenced by concomitant malnutri
tion of' the host. 

I':feds of Malaria on Nutritional Status
 
of tile 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 
Il1l. Through its immunosuppressivc effects [121, 
it may enhance susceptibility to infection with 
other pathogens, with consequent further nutri
tional deterioration. In addition, infections with 
P. mahtriaemay on occasion induce a highly lethal 
nephrosis often characterized by massive pro
teinuria [13]. Yet, with ti,. possible exception of 
improvement in hematologic indices, ielatively lit
lie nutrition! ! benefit to hunan populations has 
been observed af'ter successful control of malaria 
in hyperendcmic areas [14, 15]. 

From studies of' hyperendemnic malaria with 
which I have been associated, three major areas 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 
in!'ants, the induction of' protein energy malnutri-
lion, and the palhogen.sis of anemia. 

Low bilth wei,'h. Wherever P. filh'ilarum is 
highly endemic, exacerbation of malaria occurs in 
pregnant women, and parasitizalioll of' maternal 
placental blood is frcnquenlly demoist ratble at par-
turilion [16-18]. Placental malaria correlates witi 
low birlh wveight; average deficits ranging from 85 
to 312 g have been described 119, 201. Precisely 
why malara is reactivated during pregnancy is not 
known, bul placental infeclio 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 Illat tile 
nutritioual slress of prcg,1nalcy induces altenua-
lion of acquired imnmnilyi1211. Nor is it clear by
what mechanisni placental malaria leads Io low 
birth weight. In some instances low birth weight 
may be the resuIt of premature delivery; inothers 
it iia\ be the conseqlence of placental damage
leading to tie expulsion of a full-lerm but under-
nourislied letus. 

Chandra 122] has described how infants who arc 
small for their gestatioial age, a featurc widely ac-
cepted as evidence of f'etal undernitirition, often 
have impaired T cell fuinction that can persist 
hrough the early monhis ,i te and may adverse-

ly in fluence their prospects for survival. To date 
no studies have determined whet her inffants of low 
birth weight resulting f'rom placental malaria show 
similar immunologic defects. 

Protein energ.v mahnutrition. Protein energy
malnutrition, as assessed by low body weight for 
age or height, is a prominent feature of' early 
childhood throughout ruich of the developing
world and oftein coexists with a high prevalence of 
communicable disease. Longitudinal studies of the 
health of'children show that episodes of inf'ectious 
illness frequently precede faltering growth and in-
cipient protein energy malnutrition ina maiier 
suggestive of cause and effect [23-25]. Marsden 
[26], in a study of Gambian children, found ma-
laria to be the second most common condition 
associatcd with failure to gain weight; the most 
common was diarrhea. Rowland et al. 127], also 
studying Gambian children, identified malaria 
and gastroenteritis as the locally prevalent diseases 
most detrimental to growth at the ages of 0.6-3 

McGregor 

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.e., after they had lost passive immunity
and before they had actively acquired effective re
sistance to tlie disease. Such studies, however, in
dicate only in very general terms that malaria pos
sesses considerable potcntial for disrupting tlie 
growth of young children. They do not furnish 
any precise assessiie of flie impact of tie disease 
in those regions of tie world where treatment fa
cilitics are absent or negligible and where control 
measures are not practiced. 
4nenia. Anemia is ain important sequel to iii

fcclion with P. filcipartm, but isusually less prom
incilt in inifections with P. viv', P. Inalatiae, or 
P. ovale. Where P. filiparum is highly endemic, 
lialaria-associated ancnliia is frequent in chil
dren less than four years old [29] and in pregnant 
women, particularly those pregnant f'or the first 
time [18]. The patlogenesi' ,ftmalarial anemia re
mains obscure. l)estructici f'erythrocytes by
parasitic invasion is undoubiculy important, but 
immnologic destruction of nonparasitized cry
throcytes May also occur 130]. It is not yet clear
 
how common or important this la ter component
 
may be. Erythrocytes froru nalarious subjects
 
sometimes give positive results in Coombs testing
 
[211, and IgG and various complement derivatives
 
have been detected o their surfaces [31]. How
ever, it has not yet been demonstrated that such 
sensitization leads consistently to erythrocyte des
trUCtion and is not merely a relatively harmless se
qtuel to immune complex forniation. 

Anemia caused by P. *fahiparttui has been 
variously described as normocytic, ruegalocytic, 
or iicrocytic. In West Africa, my experience has 
been that when anemia follows a single clearly de
fined episode of infeclion with P. falcipartumin aii 
otherwise healthy individual, it is almost invari
ably norriocytic in character. After antimalarial 
treatment, prof'use reticulocytosis rapidly occurs 
and hemoglobin levels rise swiftly and spon
tancously without need f'or iron or folate therapy. 
However, in individuals who have recently ex
perienced several acute episodes of parasitenia 
or who have been chronically infected for lengthy
periods without treatment, the anenia is common
ly microcytic and bears the norphologic 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, 

Het o Ntrital Smalaria 

Evidence from studies on animals. Scrimshaw 
et al. !32] have reviewed the results of numerous 
studies exploring the influence of dietary inade-
quacies on malarial infections in laboratory ani-
mals. Findings relating to specific deficiency states 
often vary according to the observer and the host-
parasite model. Studies of deficiencies of certain 
nutriments, notaoly protein, vitamin A, thiamine, 
and niacin, tend to yield conflicting results; in 
some experiments such deficiencies are synergistic; 
in others, antagonistic. In general, fairly consis-
tent antagonistic effects are associated with defi-
ciencies ofp-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 
dan 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, Targett [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, levels 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 
diet but allowed only half the quantity taken by 
control animals feeding ad libitum on the same 
diet showed some retardation of parasite replica-

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 or 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
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 
135]. 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. falciparun in 
humans that the genetic traits glucose-6 -"hosphate 
dehydrogenase deficiency and thalassemia are 
believed to confer [36]. 

Evidence from studies on humans. A few 
studies evaluating the 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, one might expect to find enhancement 
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of' malarial infections a well-documented f'caturc 
of' protein energy madlnutrition. Such, however, is 
not the case. Edington 1411 and Brown and Opio 
[42] f'ound no evidence that Alfrican children with 
protein energy nalnuirition were more suscep-
tibile to malaria than were well-nourished chil-
dren, and Edington (41) and lendricksc ct al. [431 
t'onrd cerebral malaria more commonly in well-
nourished children thant in children with maras-
mus or kwashiorkor. 

Ii The Gambia, McGregor ct al. 1441 I'ound that 
children with clinical stigmata of1 protein energy 
rnalnulrition possessed titers of specil'ic malarial 
antibodies that wcrc little dilferent from those of 
well-nourished children of' tie same age. Moore et 
al. [45] reported that in vitro stiniulation with phy-
toliernagglutt inen of'lyn hocyres from children in-
tcctecd with P. 'ih'il)(iruln produced decrcases in 
blastogcncsis iiore oflen that it did in lynipho-
cytes from children with acute protein energy 
malnutrition. Ldsall ct al. [46] found little differ-
ence in tlie, hnioral response of' well- and poorly 
nourished Garibian childrc to tet anus toxoid. II 
association with malaria, however, responses were 
substantially depressed. 

Ii summary, al (lie present time little evidence 
exists that protein energy malnutrition materially 
rmodifies immunologic responsiveness to malaria 
or, by other mechanisms, enhances tlie severity of 
plasmodial inf'ections in humans. 

Several recorded instances indicate [fhat hyper-
f'erremniia f'ollowing administration of iron inay ex
acerbate malarial inlfections. lyles and D'Sa [47] 
noted that infusion of large q uantities of iron
dextran into anemic pregnant women increased 
the frequency of attacks of malaria, and Masawc 
et al. [48] described how oral or parentcral iron 
therapy appears to precipitate clinical attacks in 
patients with latent parasiteniia. Murray et al. 1491 
found that iron repletion of previously iron-
deficient, anemic Somali tribesrmen was frequently 
followed by reactivation of' preexisting malaria. 
These latter authors considered that iron may be 
an essential requiriec it t'or parasitic replication 
and tlat, consequently, malaria was depressed 
when their patients were iron-defic cri but de-
veloped fully af'ter iron repletion. 

In the course of' field studies in West Af'rica, I 
have of't*i treated individuals with iron-deficiency 
anemia, many of' whom exhibited asymptornatic 

McGregor 

parasitemia, and have not found oral administra
tion of iron to exacerbate malaria. My experience, 
therefore, varies f'romn that of' the Murrays, pos
sibly because tile acquired immunity to malaria 
between the groups concerned is dilferent. In the 
Somalians, iron deficiency scemed to be primarily 
dietary in origin and may have becn present from 
early childhood. Is it possible that an iron-def'ici
ent diet maintained f'rom early 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 
easily overcame a weak iruni unity and became 
clinically overt? 

InI Gaibians, on the other hand, iron
deficiency anemia is seldom due primarily to 
dietary deficiency and is almost invariably sec
ondary to infection with either nialaria or hook
worm. ConsequcnLtly, iron-del'icicncy anemria 
tends to develop in individuals who have had prior 
extensive inf'ection witi malaria and inrwhom any 
tendency for iron repletion to initiate large-scale 
parasitic replication is curtailed by effective inn
mr ne nechanisms. At any rate, tie apparently 
discrepant consequences of iron repletion in 
Somalians and Garibians emphasize tlie need for 
studies to ascertain whether (lie sequence in which 
a host experiences nutritional and parasitic insults 
is an important deternirant of subseq uernt host
parasite balances. 

Evidence currently available does not convincingly 
support a view that nmalnutrition significartly en
hamces the severity of malarial inf'ections in hu
mars. Further faclual iiformation is required to 
relate the severity of' parasiternia and clinical ill
ness to careftrlly characterized nutritional status. 

There is also need for further study, under 
strictly controlled circumstances, of' lie course 
and outcome of' malarial in fections in experimen
tal animals with characterized protein energy 
malnutrition and other deficiency states. Such 
studies should seek not only to identif'y interac
tions between infection and malnutrition but also 
to define [lie mnechanisms 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 ini the same in-
dividual is abundant, but tile 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 elegant 
review of the host-parasite interactions inmalaria 
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 diL.':ase is approximately pro-

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 tl,- edge by 

portional to intensity of infection. The only in- an episode of malaria. More important, malaria, 
ference of a possible relationship between tile in- along with gastroenteritis and respiratory infec
tensity of disease and the nutritional state of the 
host comes from animal studies demonstrating 
that folate deficiency of tile 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 disease 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 corn-
pete effectively for food when its availability is 
limited. Indeed, 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 effects 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 

tions, is one of the many causes of intermittent 
growth retardation in young children. 

Lastly, anemia, tile classic example of malnutri
tion, is one 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 episodes of malaria, some individuals 
become iron deficient. To what extent this iron 
deficiency anemia is caused by malaria is not 
known. 

Although it isnot possible to draw conclusions on 
available evidence, 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 KATZ
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Ascariasis: Host-Pathogen Biology 

Zbigniew S. Pawlowski From the Parasitic Diseases Programme, I'orld iHealth 

O'rgaunization,Geneva, Switzerland 

Ascuri lutlbricoide is one of the most colillon intestinal parasites in hurmans. Daily 
global contamination of the soil by AI. Iutmbri'oi(he eggs is enormous (-9 x 10'1 eggs/ 
day). Physical lactors, particularly temperature and moisture, are critical ill dclermin
ing tie maturation of eggs to the inrective stage and their survival. TFransnission of the 
inffectioni to h11 mians, oi ihe other hand, depends mo re on various sociocconoic fac
tors. In theory, ascarimisis is preveiti able; it is indeed oil the way to disappearing corn
pletely ill developed societies wIhere there is a high standard of sanitation. Ascariasis re
mains a problemi in devcloping cotunlries, however, where melhods of disposal ot 
huIman excreta are inadeqtuatc. The intensity of" invasion is rcguhited 1y specilic and 
nonspecific responses of't lie host to migrating . Itlumlricodes larvae. Whether or not 
ascariasis becomes symptomatic depends on tile intensity if t lie infecclion, the nutri
tional and immntologic status oIr the host, ardid tire possible complications tihat may 
arise. Host responses to A. iumhr'oides are brisk during the larval migratory stage in 
which hypersensitivity reactions may become clinically manil'cst, whereas people are 
rather tolerant tof' intestinal infcclions witi adult wvormis. The role off ascariasis in tite 
prevalence of allergic atslhnai still rcrnains iiclear. (oril)lications de to migration of 
adult worms into tie hiliary duct systeri and to intestinal obstructioins are the major 
causes of acute morbidity and iortalily in ascariasis. 

A.scaris lumbricoides is a parasite specific prinari- factors that regulate the population of A. im
ly to hunans. The physiology and biochemistry of bricoi(s'are complex. Among the various ecolog-
Ascaris species have becn extensively studied ic elements, physical factors are most important in 
because (ie parasite is well suited for research in rcgulating tile number of invasive eggs in tile envi
biol:)gical laboratories. The ho.t-parasite biology ronment. Transmission to humans is closely re
has also bcen studied in many experimental aninal lated to socioeconomic factors. Various specific
models. Despite ihe considerable amotnt of knowl- and nonspecific host reactions, directed mainly
edge available on Ascuris, several questions con- against tile migratory larvae, regulate the intensity 
cerning the ecologic, epidetniologic, pat hological, of invasion. 
and clinical aspects of ascariasis in hiutnans remain Ascaris invasion is a sequence of events deter
unanswered. mined by the parasite trying to conplete its life cy-

Ascaris lumbhicoi(es is one of the most com- cle and the host safeguarding the integrity of its 
mon intestinal parasites in the world. There are own body. The response of the host depends on 
two conceptually separate populations and reser- the stage and intensity of the invasion. The 
votrs of, A. lutnbricoi(hs: the adult worms that response to /lscatris at the larval stage is usually 
parasitize humans and the eggs that contamitate strong, and hypersensitivity f'requently occurs. 
the environment. The size of (lie foriier popula- mitan hosts are often tolerant of intestinal in
tion cati be estimated at >7.8 billion adult worms fection with adult worms. A person cal react vig
by multiplying 1.3 billion, tile expected ntnuber of orously to ati ascaris allergen if' he or she is not 
human hosts infected [1], by six, the expected desensitized in the course of infection. Compli
mean tumber of parasites in a single host [2]. The cations due to migration of adult worms and to 

intestinal obstructions are relatively unusual con-
Parts of' this originral airllIc have ithciletty beie nul)htihiCd ill sequences ill 11unatiS, but they are (lie most in

tile WIO Technical Repr)ot Seric No. 666: Intestinal prow- portant causes of tiortality in ascariasis. Based on 
m aanand helnirlhtic iirfeclion,,. W IIt , Gjeneva, 1981. 

Please address t.etlUcr.s foir iepints to )r. Zhigrii, . descript ions of clinical cases, tle complicatiots of 
I'awlov,rsk, Parasitic i)scwtsas I'rograimme, World Itealthi ascariasis are easily sumtmarized. However, ill 
Organization, 1211 (eieva 27, S\ritmirnmd. termns of' public health, tmorbidity and mortality 
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due to the complications of ascariasis have not 
been well documented and their significance has 
not been adequately discussed [3]. An analysis of 
the impact ot ascariasis O the nutritional and im-
mune status of the human host is also lacking. The 
alterations that A. humbricoies 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 
adequately 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]. 

yof ocontaminated 

Ascaris lumbricoides is a roundworm specific to 
humanF, it has also been found accidentally in 
other hosts, including orangutan, dog, cat, and 
sheep. A. Iumil:ricoices is most closely related to 
Ascaris stum, the roundworm that infects pigs. 
These two organisms have minor morphologic dis-
tinclions and physiologic differences. They do 
evidently differ in their capacity to invade their 
natural and accidental hosts since A. sutnt, 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 arc frequently exposed to the 
invasive eggs of* A. suni [8] and To.vocara 
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. lubricoides 
have been experimentally induced in humans [5, 9, 
10], much of our knowledge about human ascaria-
sis derives from infections experimentally induced 
with A. stn in animals. Such infect;ons 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. snum 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-

vious from the interpretation of the results in rela
tion to A. Iwnbricoides 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. 

The reproductive potential of the A. himnbricoides 
female worm is extremely high (-240,000 eggs/ 
day) [14] and thus counterbalances the heavy 
losses in viability and infectivity of the eggs in the 
environment. 	 The global external environment is 

daily by -9 x 1014 eggs. The results
of examination of soil for helninth ova provide 

some information onl the extent and intensity of 
the environmental pollution: in Sawahlunto, West 
Sumatra, Indonesia, A. lumbricodes eggs were 
found in 45% of 55 samples (2 g each) of soil col
lected around 	nine farmhouses [151; in a study of 
ascariasis in Poland, 710% of' 935 samples (100 g 
each) of soil 	had A. Iumbricoides eggs, and the 
means for two consecutive years were 1.8 and 2.8 
eggs per gram of soil [16]. The infrastructure of 
the soil and the mechanical action of rain cause a 
patchy concentration of eggs in the ground [17] 
and may be responsible f'or massive infections oc
curring firoml 	 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. humbricoides eggs outside the human 
host, the most important are the physical factors: 
temperature, moisture, oxygen pressure, and ul
traviolet irradiation. Since the eggshell is 
permeable to water, desiccation and higher tem
peratures readily kill the eggs [18, 19]. Depending 
on the ecologic factors, A. lunbricoideseggs 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 
0.04/0 were invasive to the guinea pig after 14 
years in that climate [22]. 

Unffavorable 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 seasonable breaks in 
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transmission. In many regions of the world with a 
warm, moist climate, tile transmission of ascaria-
sis occurs throughout the year. 

Transmission of Aseariasis to Humans 


The magnitude of the natural transmission of as-
cariasis in endemic areas can be measured by ex-
amining tile reinfection rate after successful mass 
chemotherapy. This rate is a function of'(/) tile in-
fection pressure (i.e., the number of possible 
human exposures in a certain area in a given time) 
and (2) the host respon.,es, mainly immunologic, 
that regulate tile number ot adult worms that 
develop. In sonic endemic areas the reinfection 
rate is as high as 30% per monti, i.e., 30% of the 
people start to excreteA. /umhricoidec eggs within 
tie t ird Imonth after deworming (this includes a 
two-monti prepatent period) [24]. In areas where 
there is a high reinfection rate, the effect of a 
single mass chemotherapeut ic action may disap-
pear within six nilonilhs. 

The level of transmission of the infection from 
soil to humans depends on socioeconomic rather 
than physical factors. The main elements seem to 
bc a dens,. hurian population, its involvement in 
agricultural production (especially with extensive 
use of human nightsoil), illiteracy, poor sanita-
tion, and particular cultural habits [25-281. 

The results of epideniologic studies carried out 
in several countries illustrate the global prevalence 
of ascariasis. In Colombia, for example, the over-
all prevalence of A. lumbricoes infection is 
54%, with schoolchildren comprising the group 
affected most fLequently (66%). There is a direct 
correlation betw een low salary and high preva-
lence, and the rural population is parasitized twice 
as frequently as is the urban population. The fre-
quency of ioderate and intense infections follows 
a pattern similar to that for the overall prevalence; 
infections with > 5,000 eggs/g of feces constitute 
about one-third of all infections [29]. inKenya, it 
has been estimated that -25% of the population is 
infected with A. humhfoiwdes. The prevalence is 
highest in children, of whom 200/6-80% are in-
fected, and ascariasis is more prevalent in densely 
populated areas, especially in western Kenya and 
Nairobi. The assumed mean intensity of infection 
was seven worms per infected t erson [30]. 
Inthe Republic of South Korea, tile 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 intensity 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. Iumbricoides eggs/g of feces for hospitalized 
patients in the open wards was 5,936, whereas for 
private patients it was only 1,846 1311. 

The prevalence of ascariasis may vary illdiffer
ent localities; however, there are few community 
profile studies that are helpful in understanding 
the local means of transmission or that permit 
generalizations beyond tile statement tfat "tie 
prevalence of ascariasis is very high in sonic 
families" 1251. 

In conclusion, the world distribution of 
ascariasis follows an endemic pattern. The factors 
responsible for high (>60% of tile 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 insonic localities or in sonic families) is fre
quently observed, especially inareas where as
cariasis is disappearing simultaneously with im
proved sanitation [32, 33]. -lowever, there have 
been epidemics of ascariasis, e.g., in 1947-1948 
around the vast, irrigated fields at Griesheim ;n 
West Germany [34]. The various endemic and 
epidemic patterns of ascariasis not only depend on 
the selective pressures in the environment but also 
are regulated by the imiinity of tile local hunan 
population. 

Regulation of the Intensity of Invasion 
Ascaris lumbricoides must cross several barriers 
when invading a hurmar host. For a successful in
vasion, the mucosa of the small intestine, the hiep
atic tissue, and the alveolar walls of the lung must 
be penetrated: passages must be made through till 
lymphatics, the blood vessels, the Lipper respira
tory tract, and tie stoniach (twice); and several 
rapid changes in the quality of the biotope and in 
the protective niechanisms of th host must be 
withstood (figure 1). Even after finally settling in 
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Blotope 

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

Stage 

Fertilized egg 

I 

Invasive egg 
(with L, larva) 

Time 

Embriogenesis (development 
of L larva) takes 10-14, 
days at 28 C-32 Cand 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 to human host 
Human host j 

Small intestine After hatching 
L2 larva
 

Liver 4, 

Lungs L, larva 

Small intestine L, larva 


4, 
Adult male (11-22 cm) 
and female (13-30 cm) 

producing eggs 

I 

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 

Survival time -.1 year 

Transmission from human host to external environment 

Figure I. Diagrammatic representation of [he life cycle of Ascaris hIulhricoides. 

the small intestine, preadult and adult A. lunhri-
coides cannot alvays resist the increased body 
temperature and peristalsis of the human host. 

In humans, sterilizing (hilly protective) ima-
munity against A. humhricoidles infection is rare; 
as a rule, immunity :s incomplete and manifests 
itself by a rcdu tion in the number of parasites. 
The mechanism, responsible for partial resistance 
to in fectionis w;th A. suUmn in laboratory animals 
are active during the early intestinal stage, inter-
fering with the process of hatching and with larval 
penetration of the mucosa of the small intestine 
[35, 36], and during the tissue stage, immobilizing 
and destroying the larvae in the lung tissue [371 
and acting on the imniature 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. .stim 
in pigs is achieved only after feeding them with 
multiple, large doses of infective eggs [39, 401. It is 
unclear whether the low intensity of ascariasis ob-
served in older people in endemic areas is a result 

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

The immune response in experimentally induced 
ascariasis follows the general 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, I 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 lgG 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 tha high titers of 
precipitating antibody with IgM mobility cor
related with reduction in worm burden. 

Reagins, particularly IgE and some of the IgGI 
class, form during the migration of ascaris larvae 
through the lungs and during the intestinal infec
tion, especially in its early phase when the larvae 
moult for the fourth time and become preadult. 
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IgE immunoglobulins are mainly produced by nourished children whose immunologic abilities
plasma cells in the small intestine. are consistently challenged by other infections are 

The mechanisms responsible for sensitization or usually symptomatic; such infections are not un
desensitization and susceptibility or resistance to common in most areas where A. hnnbicoides is
reinfection are still unc!ear. Analysis of' the pro- endemic. This generalization takes into account
tein-polysaccharide antigens of' A. sitmn indicates two factors: the intensity of' infection and the
the presence of' multiple determinants. Some ,e nutritional and immunologic status of the host. In
immunogenic, stimulating production of' specific theory, one may also classify ascariasis as asymp
precipitating antibodies; others are allergenic, re- tomalic without pathological changes, asymp
sponsible f'or reaginic IgE production and local or tomatic with pathological changes, and symp
systemic hypersensitive reactions, such as bron- toniatic due to pathological changes. In practice,
chial asthma, angioneurotic edema, and urticaria. however, questions of the degree of structural and 

Since allergic reactions in ascariasis have a dis- f'unctional modif'ications constituting a pathologi
tinct clinical expression, they will be discussed sep- cal change and the degree of' pathological changes
arately. However, IgE reaginic antibodies may causing evident or measurable symptoms remain
play an important role inthe promotion of a suc- unanswered, since these f'actors vary greatly in dif*
cession of immunologic mechanisms or their inter- f'erent individuals and populations. Studies of' the
actions and may thus participate in the reduction relationship between A. lumbr'icoidi(e and hunmans
of' the number of invading ascaris larvae. may produce conflicting results unless the biologic

Cellular immunity plays an important role in re- potentials of tie difflerent hosts are comparable.
ducing the number of migrating larvae, but the ef'- 'The more known about the host, the better the un
f'ector mechanism remains unclear; this is not sole- derstanding of the ascariasis in that host. This
lya 'T-cell-mediated phenomenon [43]. The more statement applies to tile whole range of' problems
studies performed, the more complex seems the of' polyparasitism and to the relation between nu
host's responses to tile invading ascaris larvae. triion and infection.
 
Whether specil'ic or nonspecif'ic, tile response of' inascariasis the 
pathology and symptomato
tie host is directed against tile surface of' the worm logy differ widely bclween the tissue phase of in
or its digestive cells, which are more vulnerable to fection caused by the migrating larvae and the in
cytotoxins. The role of' nonimmunologic protcc- testinal phase caused by preadult and adult 
tive mechanisms may be substantial. For example, wornm.. The diflrerence is mainly in the type of 
fluids extracted l'rom tie ascaris body cavity con- reaction and/or its intensity. In the tissue phase
tain eosinophil chemo tactic f'actc, and neutrophil the inflarmatory and irmunologic reactions
 
chemotactic f'actor, whiLh have physioclemical prevail, whereas in the intestinal phase the host's

characteristics di f'cring From those of' ascaris 
an- intestinal functions seem to be most af'f'ected. 
tigen [44]. Hlowever, the in-vitro adherence test The pathology and clinical aspects of the migra
with washed peritoneal exudate cells f'rom mice 
 tory phase have been widely studied and reviewed
 
showed that there are some nonspecific [46, 47]. Incountries such 
as Saudi Arahia where 
niechanisms 'or killing A. mum larvae that are A. Iumbricoides transmission is seasonal, pneu
mediated by carbohydrates or divalent cations and rnonitis due to A scaris is common 
 and may be an 
are independent of' the presence of' antibodies even nore serious pubiic health problem than the
 
and/or complement [45]. intestinal infection that f'ollows it [481.
 

Ascaris Infection and Disease Host Responses to Ascaris Adult Stages 
There are two extremes intile clinical expression The host usually responds to inteslinal inf'ection 
of ascariasis: asymptomatic infection and severe with adult A1scaris with a great deal ()I tolerance, a 
ascariasis, which, clue to complications, is fre- response that is typical f'or inf'ection with most in
quently fatal. Asymptomatic inf'ections are usual- testinal luminal parasites. Roentgenographicly mild and occur in well-nourished hosts; how- studies of' ascariasis in liuriiaris show that 87% of 
ever, some f'atal complications may occur even in tile worms are present in tile jejtumn [49]. The
this group. Intensive infections in young, under- 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. sulm 
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 th'v ,nall 
bowel (most commonly a coarsening of the maco-
sal folds of the small intestine) observed during 
roentgenographic examination in the majority of 
patients with ascariasis [50]. The relationship of 
these morphologic changes to the symptomatol-
ogy of ascariasis and to the impaired absorption 
of nutrients is not clear. Strong inhibitors of the 
try!psin and chymotrypsin of the host were found 
in extracts of A. suun 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 level" of vitamins 
A and C in parasitized childrcin (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 [571. These patho-
logical 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 immune status of the host. The ef-
fect of iscariasis on nutritional status is reviewed 
separately [58]. 

Local intestinal hypersensitivity reactions have 
not been adequately studied. Arseculeratne et al. 
[591 have recently proposed that Ascaris may be 
involved in the pathogenesis of necrotizing enteri-
tis. Ascaris antigen may be responsible for a type I 
hypersensitivity reaction leading to shedding of 

the epithelium at the tips of the villi and/or in
filtration of eosinophils at the site of an antigen
antibody reaction; Ascarismay 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 necessarily 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
.unctiva, 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 
repeated 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 cx
posure 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 existence of a beta adrenergic 
blockade, as shown by a negative epinephrine test, 
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may also explain the increa.,ed incidence of eo-
sinophilia and allergic manifestations in children 
infected with Ascaris [661. 

An evaluation of the impact of allergy due to 
Ascaris on the hcalth of whole populations is not 
possible vithout furtl.-hr well-controlled studies in 
areas where ascaris infection is endemic, 

Serious Complications of Intestinal Ascariasis 

The most serious complications of human ascaria-
sis are due to migration of tie adult worm and to 
intestinal obstruction by a bolus of adult worms. 
The migratn of' ascaris worms outside their 
natural biotope is promoted in the host by fever, a 
diet rich in pepper, anesthesia, and improper 
treatment; it is probably more frequent in infec-
tions with a single worm or worms of the same sex 

decreasing irequency) the following cotnplica-
tions: obstruction of the hepatic duct, appendici-
tis, intestinal perforation, including penetration of 
intestinal incisions, and pancreatic duct obstruc-
lion [67). Vomiting or adult ascaris worms occurred 

in 3.3o of the 580 cases observed by Pawlowski 
[47]; as a result, 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 sore receptors in the mucosa [68]. Intestinal 

obstruction is more frequent in intensive infec-

tions. Tie rate of'intestinal obstructions per year 

in the soutthcastern United States is approximately 
two per 1,000 in children aged I-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 scaris isa 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-

Pawlo wski 

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 [251, several hundred deaths would occur 
among the millions of people who are infected by 
this parasite. 
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Ascariasis: Nutritional Implications 

Myron G. Schultz From the Parasitic Diseases Division, Bureau of 
Epidemiology, Centers for Disease Control, Atlanta, Georgia 

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
!y neglected public health problem that ha; attracted relatively little scientific inquiry. 
Frequently, a number of biases contribute to 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 confirmed 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 selecti-n of inadequate controls, and the per
formance of experiments that arc 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 difference 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 bc'ween ascariasis and protein energy malnutrition is no! 
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'v we must hegin with doubting. 
Stanislaus, King of Poland, Maxims No. 61 

Ascaris luhmbricoides, 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'a-
cariasis, the role that the parasite plays in the nu-
trition of the host, has been the subject of consid-
erable 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 are many biases that 
lcad uncritically to the conclusion that A. lunbri-
coidles adversely affects the nutrition of lhe human 
host. These biases arc: (1) A. lutmricoei(eS in-
habits the small intestine of the host, where a ma-
jor share of digestiot and absorption of nutrients 
occurs. One is tempted to conclude that the para-
site competes directly with the host for a finite 
amount of' nutrients. (2) Other intestinal hel-
minths are well-known causes of' malnutrition. 
Ancylosloma duodenal,, and Necalor atmtericatts 

Please address requests for reprints to l)r. Myron G. Schultz, 
Parasitic Diseases Division, itureau of Epidemiology, Centers 
for Disease Control, Atlanta, Georgia 30333. 

can cause microcytic, hypochromic anemia; hypo
albuminemia; and stunted growth. Dih vloboth

riutm lalum can cause hypovitaminosis B 2 and 
megaloblastic anemia. In the popular lexicon, in
fcctions with Taenia are associated with hunger 
and weight loss. A. luinbricoides might, ther'zfore 
be grouped with other worms as a cause of malrtu
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. Iton
bricoices 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 socioeconomic 
status. Although these two conditions coexist in 
the same populations and are each directly related 
to 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 
cause-and-effect relationship to coexisting condi
tions and thereby concludes that ascariasis is a 
cause of malnutrition. 
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Mechanisms of Action 

Sporadic reports in the literature have claimed 
that infection with A. umnbricoides causes malnu-
trition, stunting, xerophthalmia, vitamin defi-

cieniesoter ntriionreltedmal econditions.an 

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. /unmbricoides examined 

absorption before and after treatment instead of 

using concurrent controls. The mechanisms they 

have hypothesized are: (1)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 electrolytes through diarrhea and 
vomiting; and (4) production of proteolytic sub-
stances by the parasites.Protein deficiency could be caused eithe:r by im-

culdbe cuse 
pairment of digestion and absorption or by loss of 
protein through the roundworm eggs. One million 

Protin efiieny eiherby m

eggsre whch ail fealerodced byfiveggs , which a re produced d a ily by five fem a l ea 
A. /umbricoides, 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 ainddigestion of nutri-
ents. Chatterjee hypothesized that trypsin andchymotrypsin are neutralized by "ascarase," an 
antienzymc polypeptide product of A. lunbri-
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 Venkatachala 1 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 pLrasites. Tripathy et 
al. confirmed this work and demonstrated both in
testinal loss of 7%-9% of dietary fat and abnorcarbohydrate (D-xylose) absorption in in
fe 

cted 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.ffv Teotia et al. [10]netdwtfound thatol n nincide 
only one of five Indian children infected with 

Freij et al. [11] found no siLnificant differences innitrogen, fat, and xylose absorption in a small 
number of lightly infected children who received 

either piperazine or a placebo.
Several studies have indicated that Ascaris can 
evera stu Asani coninterfere avepinditatwith absorption of vitamin A and can 

tribute to xerophthalmia. Rodger et al. [121 found 
a groupgr u ofof infectedi ec d p t en s o h o m w tpatients to haveveaasomewhat 
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 xerophthalmiais common, vitamin A deficiency could be exacer
bated by the presence of A. umnbricoides. Maha
lanabis et al. [14] found that patients with ascaria
sis showed poorer absorption of radioactively
 
labeled vitamin A than did uninfected controls.
 

Morgan et 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] compared the nutritional status of 30 children 
living in rural Louisiana who were infected wit>. 
A. lumbricoides with that of 30 uninfected 
matched controls. Ascariasis had a statistically 
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significant adverse effect on levels of albumin in 
serum and %.itaminC in plasma, but no child had 
inadequ- !evels 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 /1. 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. lumbricoides 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 aiid cj:iclusions of these 
studies are examined critically here because they 
could be important dctorn'ir'ants 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 undernotirished and wc-. receiving supple-
mentary food. Children in two villages were given 

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 tile onset 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 separate 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 infecLions could have influenced the final re
suits. 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 I. A comparison o! the designs of three studies of the relationship between 

malnutrition. 

Factor 

Location of study 
Number of subjects 

Intensity of infection 
Random selection of subjects and controls 
Double-blind observation 
Control of major variables 

Intercurrent disease observation 
Equal distribution of supplemental food 
Drug administration 

Length of observation period 
Statistical methods 

1181 

India 
Infected: 58 
Total: 154 
Unknown 
No 
No 

No 
No 
No 
12 months 
Chaage in reference weight-

for-age (1 /o considered 
significant) 

Reference 

119] 

Tanzania 
Infected: 78 
Total: 273 
Unknown 
Yes 
Yes 

No 
Not applicable 
No 
12 months 
Rate of 

weight gain 

ascariasis and protein energy 

1201 

Kenya
 
Infected: 61
 
Total: 186
 
Light (average, 7 worms)
 
No
 
Yes 

Yes 
Not applicable 
Yes 
14 weeks 
Percentage of expected weight 

gain and change in skinfold 
thickness 
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for age separated the categories designated im-
proved and deteriorated. 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 
appeared 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 each 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; however, thils difference is not statistical-
ly significant (P = 0.06). Among 78 children 
!,nown to be infected with A. lumbricoides at the 
begining of the study, the rate of weight gain was 
21 Wo greater for those treated with levarnisole than 
fcr those r-'eiving the placebo. This difference 
was s:atisti, .,!y significant (P = 0.03). The rate of 

increase i-1 height did not differ for the two 

groups. 


This study by Willett et al. [19] avoided several 
of the pit falls of the previous work by Gupta et al. 
[181. 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
210/6 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-
pie 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:-ht, 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 received 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. Anthropometric, 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 
IA-week observation period. In the 14 weeks after 
deworming, previously infected children showed a 
higher percentage of expected weight gain than 
uninfected children. Aftc; deworming, triceps
skinfold thickness increa,;d 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 from 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 effects 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 



819 Ascariasis:Nutritional Implications 

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 
weks). Whether tile weight gain can be sustained 
during and after periodic treatment is unknown. 

S'ubstantial doubt remains about the cause-and-
effect rc!ationship between ascariasis and protein 


energy malnutrition. In noqie of the above-men-
tioned studies, where a positive correlation is 
claimed, was a significant difference in weight 
found between infected and uninfectcd children 
before intervention. Several recent Studies [11, 22] 

also showed no significant improvement innutri-
tional status after intervention. Until tile putative 
association between ascariasis and protein energy 
malnutrition is proved in studies that are designed 
to avoid statistical error and are reproducible under 
a variety of circumstances, thle advocacy or insti-
tution of mass treatment programs to enhance the 
growth and development of children in countries 
where ascariasis is endenlic 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 fUne-
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 

iltiple, potentially causative factors. Recent corn-
. iity studies [4-61 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-

antee nutritional benefits. Indeed, in areas where 
infection prevalence is ,30-40%, studies of*coin
munity treatment fail to demonstrate the desired 
effect ol 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 hookworm infection is well de
fined and is a serious public health problem. 
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 isassociated 
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 the'rapy: 
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 
d;dly 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 hemloglobin levels of the control communi-


ty. Iron supplementation call therefore be sup-
ported as the appropriate public health approach 
to the control of hookworm anemia in endemic 
areas. Tile success of such a program would de-
pend on thie 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 

tial period of tile to correct anemia and replete 
iron stores; this would be followed by periodic de-
worming for a sustained effect. The feasibility, ef-
ficacy, and cost effectiveness of such methods for 
the control of' hookworm anemnia need to be 

thoroughly evaluated iltie 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 lumtbricoides have a small and statistically 
significant effect on the nutritional status of 
young children whose diet 's marginally adequate. 
The mechanism by which A. lumtbricoides 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 w\orm burdens [3]; this may be 
one reason why observed effects are so small. It 
Would be interesting to know wvhat happens in in-
dividuals with heavy infections. If new studies are 
undertaken, they should be conducted where in-
fections are heavy, and great attention must be 
given to study design. 

There is also a 1,atent lack of' accurate data on 
the incidenc... serious complications of ascariasis, 
notably intestinal obstruction and the migration 
of' worms to aberran! 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 effects of migration 
of ascarids through the lung and tie 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.sm 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 are genuinely concerned about /l.scuri in-
fections in their children; the presence of vorms 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 imi-lunizations, 

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 effective drugs are now 
available; these are extremely safe and relatively 
inexpensive. Antihelminthics used successfully 
against ascariasis include pinerazine, levamisole, 
and pyrantel. However, a re, report that use of 
piperazine leads to the develc, -,ntof clinical ma
laria in six to 14 days suggest.,, 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 series 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 
raise 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 difficult 
to understand how infection with A. lumbricoides 
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 wcrin 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 due to Necalor americanus and An
yjlosloina 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 
stud", there was no villous atrophy and little hypo-
albLminemia, 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 tirne 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 mal:ptttrition 
as well as anemia. 

The relationship of hookworln disease to 
anemia and, subsequently, to reduced productiv-
itv of'workers is a subject of much inlerest [12, 
13]. In many tropical couJntries, iron deficiency 
anemia is very common and hookworm disease re-
mains all extremely prevalent infection. Further-
more, iron deficiency of any etiology and itsrela-
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 disease. As desirable as these efforts 
are in controlling hookworm infection and other 
diseases generated by fecal contamination, they 
are unlikely to have much impact if tile conditions 
that coexist with poverty persist and the infection 
itself is not specifically treated. 

At present, consideration should be given to 
major deworming programs as an effective means 

of decreasing worm burdens; iti this way, the fre-
quency and/or tmagnitude of iron deficiency anemia 

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 	(ie prevalence of iron deficiency anemia. Well
designed and well-conducted comnlunity-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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Hookworm Disease: Host-Pathogen Biology 

Robert H. Gilnan From the Division of Geographic Aedwine, Johns Hopkins 
UniversitY, Baltiore,MNar'land 

The hallmark of' hookworm infection, a common lhelminthic disease, is iron deficiency 
anemia. The developmenrt of anemia isdependent on the intensity of irfection, the spe
cies of hookworm, and the ability of tile host to resist infection and to maintain ade
quate stores of iron. When conditions are appropriate, the incidence of ariernia caused 
by hookworm is high and has a significant economic impact since it results in a reduc
tion of worker productivity. Loss of blood is caused by direct ingestion of red cells and 
by tissue traurna produ(ced by worio aItachIrenCI and feeding. This focal traunia iay in
volve rultiiple villi and is characterized by local herorriagc, tisstre cytolysis, and liu
trophilic response. Although focal intestinal lesions are apparent, their significance is 
questionable since difftuse mLtcosal changes are absent in intestinal biopsies of patients
with heavy hookwori infection. Short-range control measures protecting against
hookworm in fectiorr have not succeeded. Developierit of a vaccine against hook
wori infection in ]rnians is probleriatic since frrnctional protective inmmunity in 
hunians has not vet been dcrionstraled and no suitable anirial niodel of' iookworl in
fection in humanrs is available. At present, lire ritsk cffeclivc nieth1od of interven tion ap
pears to be sutqpl lementation of food stap les wilI iron. 

Hookworm infection, and its association with 
anemia, has been recognized since the middle 
; .J0s. Approximately one quarter of' the world's 
population is infected with this hhelirtth. The el'-
fects of' the disease arc not dramatic since inor-
tality is relatively uncommon. Anemia and the re-
sultant decrease in worker productivity are both 
common and chronic, a situation that leads to a 
prolonged loss of' economic productivity [1]. Evi-
dence of slow learning and apathy in children with 
significant hookworm infcctions has also been 
demonstrated. Because of these chronic effects, 
hookworm disease 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
c'vlostomc, dtuodenale, Necator alnericanus, and 
Anc.,Iostoma ce'lonicum. 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
canus 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 [5] 
compared the characteristics of' N. ameicanus 
and A. dutodenale. The latter worm was the 
greater opportunist since it had the capacity to in
gao.
feet by both the percutaneous and the oral route. 
In contrast, N. aimericanus only infected percu
taneously. The ability of A. duodenale to infect 
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via the oral roiute may explain the greater prey-
alence of this worm in young childrcti c'posed to 
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 
hi .i:cr production of eggs. However, N. ameri-
canus causes five t ten times less blood loss and 
therefore is better adapted to parasitize humans,
The infective larvae of N. americanus have a 
larger, more-developed boring spine (useful for 
penetrating the skin) than do A. duodenale larvae. 
This 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 envi-onment was done in the 
1920s. The ova hatch in one or two days in aerated, 
moist soil at optimal temperatures of 23 C to 33 C. 
The rhabditiform larvae feed on bacteria and fecal 
material, 

Studies of Nippostrongyus brasiliensis,a nema-
tode parasite of the small intestine of rats, pro-
vided useful information on the ultrastructure ci 
this larval stage. The rhabditiform larvae are ,,,ell 
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 

moult, 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 

te,-ding and stop growing. Their energy reserves, 

which come from endogenous stores, are primari-

ly utilized for larval movement. The iniestine of 

the filariform larvae thein 
regresses. Ultrastruc-

tural examination of tile intestine reveals 
narrow 

intestinal cells that 
 have few microvilli and lack 
synthetiz structure;. The lumen of the intestine is 
filled with membranous whorls and lipid droplets. 
These features represent a lack of syntheti,- activi-
ty that is demonstrated by the failure of the 
filariform larvae to incorporate significant levels 
of radioactive uridine into RNA [7]. When the L.,
larvae infect a suitable host, synthetic activity 

resumes and the intestinal cells contain ribosomes 
acd endoplasmic reticulum. Synthetic activity can 
also be stinulated in vitro by elevating the 
temperature from 25 C to 37 C in the presence of 
as-yet-undefined nutrients [7]. Although these 
studies were dorne on N. brasiliens~s, it is probable 
that studies on hookworm larvae would reveal 
similar findings. 
Hockwcrm filariform larvae have severe 

restrictions in their lateral movement and usually 
remain close to the area wheie the stool is deposited
;8]. 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 fate is 
highest in the first 10 days, and, under tropical
conditions, 90% of the jarva2 die in the first three 
weeks.
 

Ancylostroma duodenale worms, 
 faced with 
inclemcnt seasonal conditions, have evolved a pro
tective mechanism whereby the hcokworm larvae 
may remain dormant, a pnasc indicated by a sub
sequent decrease in total output of eggs. In Ben
gal, larvae acquired during the rainy season of orie 
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 
prolonged prepatent periods (period from initial
 
infection until commencement of ova production)
 
in volunteers given A. duodlendle 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. duodelale larvae present on vegctables
 
grown in fecally contaminated areas are ingested. 
Transmaminary infection of hookworm, although 
well documented in seals and dogs, has not been 
proved significant in the transmission of hook
worm disease in humans [3]. 

In general, larvae rapidly penetrate the skin, 
proceed to the ltngs where they break through the 
alveoli, crawl tip the trachea, and return to the up
per small intestine where they moult and develop 
into matu:'e worms. In the case of A. duodenale, 
infectio 1not only occurs percutaneously but also 
by direct oral infection. Orally ingested A. duo
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denale 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 been well described. Differentia-
tion of the two species by the comparison of the 
mouth structures (teeth in A. duodenale and buc-
cal plates in N. americanus) is relatively ea:y. 

The mature worm usually inhabits the upper 
small intestine. With severe infections, crowding 
may result, and the worms may be found as low as 
tie 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. brasilionsis 
worms travel up the intestine in response to a 
bolus of food [12]. The worms are often found in 
aggregates in the normal rat. but this activiLy is in-
hibited in the immune rat [131. 

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

The adult worms secrete an anticor.gulant 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 tile tissue. 

Studies of the dog hookworm Anc'lostonm 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 tile mucosa and may proceed to the mus-
cularis mucosa over a period of 4-5 hr [I I]. The 
muscularis mucosa provides an effective barrier to 
further penetration. The worms 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 undergoes cytolysis in their in-
testine. Tile effect on the mucosa wecllex.tcnds be-
yond the tissue in apposition to th, worm's buccal 
cavity. In addition, cytolysis is present in the tissue 
around the buccal cavity. In fact, a lcsioa that car 
involve multiple villi may develop. This lesion is 
characterized by focal 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 pathologieal find-
ings are focal in nature; repair of these intestinal 
lesions proceeds rapidly and without sequelac. 

Giinan 

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 
enteropathy is endemic. In areas where tropical 
enteropathy is uncommon, intestinal biopsies of 
individuals with heavy hookworm infection do not 
reveal significant difiuse mucosal changes [16]. 

Although hookworm infection commonly oc
curs in humans, tht 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 riot been well defined immunolog
ically. The bacteria carried by the larvae may be 
responsible for much of the cutaneous reaction 
since axenic larvae N. amnericanus produce little 
i ,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 larvae into nonimmune rats 
incited alveolar hemorrhage and edema. Dead lar
vac do no. 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, tile possibility that these changes are due to 
secreted toxins cannot be eliminated [17]. 

Intestinal disease during the early stages of in
fection may be marked by abdominal p:ain, intense 
nausea, weight loss, and moderately severe diar
rhea. Initially, volunteers infected multiple times 
had prominent intestinal symptoms. These symp
torns disappeared after the third and fourth 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 
sufff-is any major inconvenience bc-ause of these 
activities. 

Far more ominous are the silent bloodlett"ng 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 anemia wiil not develop if stores of 
iron can be maintained. Depletion of iron stores 
by hookworm infectio, will occur faster and at 
lo Ner worm burdens in growing children who have 
increased iron requirements and in menstruating 
women who have increased loss of blood than in 
adult males [15]. Further exploration of the rela-
tionship of folate deficiency, increased demand 
for iron, and immunosuppression is warranted in 
pregnant women infected with hookworm. Other 
contributory factors 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 tile 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 whether 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 tile intestine 
and have less blood loss per individual worm than 
noninmune controls 131. 

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; 
therefore, 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 

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'l-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 [191. 

How much of the labeled protein is hydrolyzed, 
reabsorbed, and again available for further syn
thesis of albumin is not known. Furthermore, al
though iron deficiency anemia is a well recognized 
associate of heavy hookworm infection, malnutri
tion is not [15]. Fol cxample, in the series of pa
tients studied by Blackman et al., there was no 
correlation between the concentration 3f serum al
bumin and the number of worms harbored by the 
patient. Similarly, field studies in Scuth America 
[20] did not show any association between hook
worm egg 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 their worm burden nor their daily loss of 
blood decreases in quantity [22]. However, good 
nutrition may protect tile 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 socioeconomic and sanitational milieu 
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 larvae 
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 
larvae 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 ;epeated 
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 found. 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 generally 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 humans 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, 

Gilman 

and plasma cells in the lamina propria [261. Local 
anaphylaxis is also postulated as one of the con
tributory mechanisms in expulsion of IV. brasili
ensis [23]. The rodent-nematode model does not 
closely mirror the human reaction to hookworm. 
Thus, development of an animal model that close
ly approximates hookworm disease in humans and 
allows for studies of immunologic transfer is 
required. 

Tratment 

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 
mebendazote, 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. Based 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 'valk barefoot during daily activities in 
his village ini order to protect his shoes (a costly 
commodity). Gn 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 thcn be 
available for 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 development 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 isIhe major consequence of
hookworm infection. Development of the anemia can be prevented, and it can be 
treated bv administration of' iron. Hypoproleinemia, often associated with hookworm 
infeetior,, miay be the result of cither protein malnutrition or increased ittestinal loss of'
protein. It is unlikely that the worms cause difftuse morphologic or funclional altera
tions of the iliteslinc. Fortification cr supplementation withIt iron is a practical method 
to control hookworm disease in endemic areas. 

Hookworm infection iswiaely prevalent, affecting 
almost a quarter of the world's population [1, 2]. 
This disease is a frequent cause of' iron-deficiency 
anemia [3] and related poor physical perf'ornmance
[4]. Various nutritional deficiencies coexist in 
many individuals with hookworm ittfection, and 
the relative importance of this infection to nutri
tionaldeied[changesg] associated with it remains i!i
def'ined [5, 6].

The major nutritional consequences of a para-
sitic inf'ection on the host are the eff'ects on the in-
take and digestion of' f'ood, oti absorption of' or 
competition with the host for tlie nutrients, and on 
nutrient losses from the gastrointestinal and 
urinary tracts and the skin, or through increased 
catabolistn 17]. In the case of hookworm inf'ection 
in humans, many of these paramneteis have been 
inadequately studied. It is generally accepted that 
iron-deficiency anemia fromresulting intestinal 
blood loss is ihe most important otilcome of hook-
\vorm inf'ection [3, 6, 8]. To a lesser extent, loss of* 
protein From the gastrointestinal tract tny ensue. 
Although several studies showed the coexistence 
of' morphologic and functional changes in the in-
testine wili hookworm in fection, the role of' the 
worms in the causation of these abnormalities is 
disputed [9]. Little is known about the eff'ect of' 
the host's nutritional status on the OUtcome of' 
hookworm disease. For this review we have coti-
cenl rated oti tle nutritional aspects of' inffection of' 
hunians \vil ,i.ttvlosIota ditodenalt, or Necaior 
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mericanus, aiid, wherever there is paucity of data 
on human infection, we have ref'erred to work on 
Anc'losmloma caninum, Ancvlosloma braziliense, 
and AnctVlostoma ce'vlanicum infections in dogs
and Nippostrong vhts hraziliensL" 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]. Adilt hookworms live in the 
upper small intestine, usually in the jejunum, 
where they attach to the epithelium [10]. A por
tion of*the intestinal niucosa of' the host is actually 
sucked into the worm's buccal cavity, thus al
lowing the worm to ingest tissue fluid and blood 
[1I, 12]. The hookworms frequently move around 
and reattach themselves to other areas of* the intes
tine, but the initial leakage of' blood and tissue 
fluid may contintue [11, 12]. Most of the blood 
ingested by the worms is later expelled [13], 
thts becoming available f'or reabsorption by the 
host. It is estimated that each A. dutodenale worm 
causes the daily loss of -0. 15 ml of blood (range, 
0.05--0.30 til) [6, 14] and each N. alnericanus 
worn ,,0.03 ml of' blood (range 0.01-0.04 ml) [3, 
6, 15]. Expressed as a fiuntction of egg output in 
f'eces, the estimated daily blood loss is4.47 ± 1.16 
inl/l,000 eggs per g of' feces in the case of A. du
odentle [14] and 2.14 ± 1.01 mil/I ,000 eggs per g 
of' Feces in the case of N. atneric ius 15]. The 
average daily blood loss may thus range f'rom 0.03 
to 8.0 ml in a patient with a light infection (i.e., 
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<2,000 eggs per g of feces) with N. atnericanus to 
well above 60-100 ml in a patient with a heavy in-
fection (i.e., >13,000 eggs per gram of feces) with 
A. dutodenale. Since the bleeding generally occurs 
in the upper small intestine, the hemoglobin iron is 
available for reabsorption: 20%-80°/o (mean, 
36%-40o) 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/I,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 (logs 
younger A. bra-ifienseworms 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' hunans 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. caninutm and A. hraziliense than 
in severe infections [20, 211. This pattern noted in 
some studies of humans as well [22, 23]. Since 
crowding also results in reduced egg output per 
worm [24], it is likely that the blood loss expressed 
on the basis of egg 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, 
anemia 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 rg), 
and was infected with 700 N. atnericanusfor 220 
days to show a decrease in concentration of blood 
hemoglobin. Following the slow development of' 
anemia, 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 [25-271, and intestinal abnormalities 
that reduce absorption of dietary iron often exist 
[281. The anemia caii easily be corrected by iron re-
placement without the removal of' the worms (29, 

30). Alternatively, removal of the worms would lead 
to gradual restoration to normal of the hemoglobin 
values by absorption of available dietary iron [3]. 

Intestinal Protein Loss 

Hypoproteinemia with hypoalbuminemia often 
accompanies 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, 121. 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 "l1[30, 33] and 5'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 
[311, 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 hookworm 
infection. However, there are methodologic 
problems in studies with radioiodinated proteins 
[36]. Using 5 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 niot greater 
than that in controls [34], whereas Areekul et al. 
[23, 35] showed that there was increased intestinal 
protein loss that correlated with the worm load. 
Gilles et al. [30] and Areekul 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
pie, simultaneously 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 15]; in most 
instances it is unlikely that the protein loss would 
exceed the capacity of tihe remaining intestine to 
digest and reabsorb the protein. It has been sug
gested than an inadequate protein intake is often 
responsible for the hypoprotcinemia [37], and this 
view is supported by the increase in serum albumin 
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that results from institution of an adequate diet, 
despite continuing worm infection [37, 38]. 

Intestinal Structure and Function 


Several investigators have studied the morphology
and absorptive function of the small intestine of 
patients with hookworm infection [9, 30, 37,
39-451. Absorption of D-xylosc, fat, vitamins A 
and B,,, and folic acid have been determined. In a 
study of 14 hookworm-infected Puerto Rican pa-
tients, Sheehy et al. [39] observed abnormal in-
testinal histology and impaired absorption of 
D-xylose and fat; many of these parameters ir-
proved following deworming. Tandon et al. [40, 41]
and Chuttani et al. [42] have also 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 same 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 areas 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 vith hookworm 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 dietary intake of folate, to impaired ab-
sorption of dietary 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 result 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 [iI, 12], itis very unlikely 
that the hookworms directly cause any diffuse in
testinal morphologic or functional abnormalities. 

Other Nutritional Consequences for the Iost 

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 dietary intake of people 
with this disease [3]. Studies with rats have shown 
that infection with N. braziliensis leads to 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 hookworm disease [52]. 
Even though there is no study of the quantitative 
nutritional requirements 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].
 

Im ofton 

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 ailemia 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 il-
fection in humans [6], the relevance of these 
studies to the clinical situation remains question-
able. 	The repletion of protein or iron in humans 

spon-infected with hookworm did not lead to 

taneous worm expulsion or teduction in egg out-
put in the stool [37]. 

Consumption of a chemically defined diet led to 
an increase in intestinal abnormalities in mice in-
fected with N. brazifiensis [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]. Iron 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 inlanemia 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 

Bernardo Septlilveda* From the School ofMedicine, National University of 
Mexico, Mexico Ciiy, 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. histolvica and the defensive response of' the host and then reports
studies concerning the experimental induction of protective immunity to amebic infec
tion. The pathogenic effect of E. histol 'tica is probably initiated by a lectin-mediated 
adhesion of trophozoites to target cells; the adhesion is followed by cylopathic activity
and phagocytosis by the ameba. The defensive response ischaracterized by humoral and 
cellular immune reactions. flumoral immunity manifests itself by specific circulating
antibociies useful in the diagnosis and scroepidemiology of amebiasis. Cellular immuni
ty is shown by several characteristic reactions. Experimental induction of im
munoprophylaxis with E. histolticaantigens represents the first stage in the develop
inent of a vaccine against E. histolytica for use in humans. 

Infection caused by Enlamoeba hisiol ,vicaoccurs 
throughout the world. It is not an exclusively 
tropical parasitosis, for it has been found in all 
climates, including subpolar regions [I]. It is, 
rather, anl infection that primarily aff-cts under-
nourished populaions that live in poor sanitary 
conditions and lack adequate education in hy-
giene; it is, therefore, one of a number of diseases 
related to poverty and ignorance. Most c.'' tile in-
dividuals infected with E. histolica are healthv 
carriers of this protozoan. The ratio of carriers to 
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, 31. However, several biological 
differences were found. (1) 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 pathogenic strains produces amebic ab
scesses [7]. 

Moreover it has been recently found that patho
genic strains of E. histolt'ica have an isoenzyme 
electrophoretic 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 of viru
lence or 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 whelher a carrier strain can become 
patlhogenic. 

Several criteria have been used for assessing the 
incidence of invasive amebiasis in a given geo
graphic area. One useful 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, 
o r p h e o r h a n d is [9 ] I nefu l a m i i ng 
on the other hand, is not as useful fOr detertnining
the incidence of invasive anicbiasis because of the 
difficulties involved in diagnosing this infection. 
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Another index for evaluating the incidence of 
amebiasis is seroepidlemiologic 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 disease 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 30/-49 of autopsies 
performed in general hospitals; liver abscesses are 
more frequent in men than in women by a ratio of 
3 : 1 [I]. During the last century when chemo-
therapy was not yet available, mortality from 
amebic liver abscess was 80% [12]. Although this 
rate has declined considerably because of ira-
proved diagnosis and treatment, amebic 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 frequent in children, 
in whom E. histol'tica is the etiologic 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 200/o to 54%. These 
severe forms of colonic amebiasis are seen 10 
times less frequently than amebic liver abscesses in 
Mexico [15]. 

Pathogenic Activity o' E. histoljitica 
The virulence of E. histolylica 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. hislolytica 
and thus have demonstrated that this parasite has 
intrinsic pathogenic activity [22]. Similarly, Dia-
mond et al. also produced amebic abscesses in the 
cecun of newborn guinea pigs by injection of ax-
enic cultures [23, 24]. 

The cytopathogenic mechanism of E. hislolylica 
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 et al. 
[28] observed the same changes in hamster ovarian 
cell monolayers. Phagocytosis begins almost 
simultaneously 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 to 
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. hisiolylica plays in the patho
genie action of this parasite. 

Extracts of E. histolylica, 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 
species [33]. The participation of these cytotoxic 
substances in the pathogenic action of the whole, 
viable trophozoite must be evaluated by further 
research. 
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Host Defense Reactions Against infection is based on the fact that antibodies per-E. histol'ticaInvasion sist in serum after invasive amebiasis is cured [421 
and probably also after subclinical amebic infec-Several recent studies have shown that humoral tions. Seroepidemiologic surveys carried out byand cellular immune reactions participate in the several investigators in different geographic locahost's defentse against invasive amebiasis. Leuko- tions have shown th,- value of this method [43,cyte and macrophage defense mechanisms, al- 44]. A survey of this sort was conducted in thethough not yet fully characterized, probably take population of Mexico; it showed that the averagepart also. f'requency of antibody to E. histolyuica among theHumoral immuniv. The humoral immune re- total population sampled was 5.950/0 (range,action is identif'ied by the presence of' specific cir- 2.53%-9.950/o). The survey took into accountculating antibodies, which are generally detected economic differences among various parts of' thein patients one week after the onset of symptoms. country and included 19,442 individuals living inIn experimentally infected hamsters, antibodies 48 different localities [45]. This survey demonare identified one week after inoculation. Most strated that aniebiasis is highly endemic in Mexicoantibodies are found in the lgG fraction [34, 351 and that antibody to E. histolylica occurs in perand appear to belong to subclass 2 [36]. Although sons of all ages, with a slight predominance init is probable that circulating amebic antigen is children of school age. It also showed that in areaspresent during some phases of' invasive anebiasis where the frequency of amebiasis is high, there are

[37], circulating antigen-antibody complexes have apparently healthy individuals with antibody titersnot been found in patients with amebic liver ab- similar to those recorded in patients with invasive scesses [38]. The lack of these complexes is Un- amebiasis. Finally, it was observed that overdoubtedly one of' the reasons f'or tile absence of' crowding and poor sanitary conditions in someimmunopathologic lesions from patients with in- communities and the lack of education in hygienevasive amebiasis. foster the dissemination of amebiasis. AlthoughIn addition to characterization of the humoral we did not determine the nutritional status of theresponse, the identification of specific circulating individals in this survey, it is well known that realantibodies has two practical applications: the nutrition is associated with poor sanitary condi
diagnosis of' invasive amebiasis and the seroepi- tions in Mexico.

demiology of' amebic infection. The diagnostic 
 An important controversial point concerningusefulness of' antibody detection is based on the circulating antibodies to E. hisvolvuica is whetherfact that such antibodies are found in > 90°,'o of or not they have any protective effect, or whetherpatients suffering from amebic liver abscess or they are only by-products of invasion by E. hisoother severe forms of' invasive amebiasis. More- Ivica [461. Studies by our group have demono r, our experience shows that antibodies to strated the following. (1)Immune human serumE. histolytic't are identified in only a small per- and y-globulin obtained from this serum inhibitcentage of population with no clinical evidence of the growth of . hi olwica in vitro [47], and theamebiasis (60/o) and in tile poptlation of asympto- same serum neutralizes amebic pathogenicity [48].matic carriers of E. hsbol'tica (6.600) [391. (2) Immune human serum and antiamebic

Of tile different methods employed f'or detec- y-globulin are capable of killing 900/ of trophotion of' antibody to :. histolica we found that zoites of' E.hisvolvtica within 60 in [49, 50]. (3)
counterimnlnoelectrol-horesis, which was devel- Absorption of' immune serum, or tile Ig fractionoped in our laboratory, and indirect hemagglu- with E. histolltica trophozoites or antigen obtination are the most sensitive and specific tests lained front a trophozoite homogenale, suppresses[39, 401. The results of hothIi tests correlate for this cytopathogcnic effect [51]. (4) Immunemost cases. Our experience with the enzyme- human serum partially prot-_,cts hamsters againstlinked immunosorbent (EI.ISA) [411 assay is the effects of intrahepatic inoculation of virulent
limited, but our impression is that results are E.hi.sol'ica [521.similar to those obtained by the other methods. Another factor that may contribute to localized

Tile usefulness of' detection of' antibody to defense against E.histoltictu is intestinal secretionE. histollica in the scroepidemiology of amebic of' IgA. This immunoglobulin inhibits intestinal 
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absorption of antigens [53, 54], and its role in 
local defense against enterobacteria, particularly 
against Vibrio cholerae and enterotoxigenic Es-
cherichiacoli [55] has been demonstrated. Further-

-more, coproantihodies have been found in 79/o 
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, . histwlytica is capable of activating the alter-
nate pathway of complement [581, as are other 
protozoans [59]; through this niechani.im, sera 
lacking antibodies to E.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 a 
cobra venom factor for reduction of the amount 
of circulating complement before inoculation with 
amebas developed more severe hepatic lesions 
than did intact control groups [60]. 

Cellu/arilntnuniy. Of the different functional 
assays of cellular inmu:ity, intradermal reactions 
against amebic antigen and inhibition of miacro-

phage migration were selected for study by our 
group. 

The intradermal reaction to a standaidized axe-
nic ameba antigen was generally negative during 
the initial phases of amebic liver abscess. Tests 
against other antigens such as streptokinase, strep-
todornasc, and purified protein derivative yielded 
positie 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-rosettes. Oil the other hand, most patients 
had positive intradermal reactions to amebic an-
tigen during the late stage of the disease and after 

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-
suits after the patient vwas cured. However, anti-
bodies to E. hislohhiL'a were detected inlthe sera of 
patients and hamsters in the early as well as in the 
late stages of the disease [6!, 64]. The absence of 
cellular immunity er'y in amebiasis and its ap-

Finally, a recent study showed that a subcellular 
antigenic fraction from E. hislolytica, 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 early stage of the 
disease and in the month- after convalescence, an 
observation indicating that sensitization of lym
phocytes by E. histolyuica antigens may occur in 
the early clinical stages and that there is some 
cellular memory of this process in late stages. 

The results described here indicate that circulat
ing antibodies, complement, and cell-mediated 
immunity participate in the specific host-defense 
against invasion by E.his olytica. 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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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 potcntiates 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 disease 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 disease conditions. Carefully designed and executed 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 hisrolyica, with or 
without clinical manifestations. The Committee, 
recognizing both that the parasite may sometimes 
invade tissue without prodttcing symptoms and 
that infection without tissue invasion is common 
but indistinguishable from infection with asymp-
tomatic tissue invasion, classifies amebiasis as 
either asymptomatic or symptomatic. Sympto-
matic amebiasis is subdivided into two principal 
categories: intestinal and extraintestinal. Lesions 
due to E. histolytica have been reported in nearly 
every organ in the body. 

The situation is further complicated. At one 
time, all Entantoeba 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: Entunoeba hisytollwca 
(large race), the patlhogen; Entwanoeba Itartanni 
(small race), of doubtful virulence; and En-
tamoeba histolvtica-like arnebac (low temperature 
strains), also of doubtful virulence. Many of the 
earlier reports fail to distinguish among these 
amebae. 

I am grateful to )r. Leon Jacobs for his adviLe in the 
preparaticn of the ntantscript and lo' his6critical review. 

Please address requests for reprints to )r. Louis S. l)ia-
niond, Laboratory of Parasitic I)isease,, National InstitutesoF 
Health, Building 5, Room 112, Bethesda, Maryland 20205. 

Some workers differentiate between large and 
small races but consider both to be potential 
palhogens. Some investiga!ors today, despite 
mounting evidence to the contrary, consider 
E. harimanini and E. hisoly'ica-like amebae to be 
strains of E. histolt'lica. I view them as separate 
entities. 

Animal experimentation is of limited usefulness 
because, with the possible exception of the new 
world monkeys, all three 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 antimal models for chemothera
peutic trials. 

As for studies of human nutrition in amebiasis, 
even fewer reports are available. Brandt and Perez-
Tamayo [2], writing on the pathology of human 
amebiasis, state: "The illuence of nutrition in 
human antbiasis has been accepted more by reit
eration than by demonstration. Ihcre are only
few studies suggesting a role for nuttritional fac

tors in both the existence and severity of the dis
ease in In, 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 amebae in ex-
perimental animals. Not one of' the 30 research 
proposals included in tile 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 
disease 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 tile original publica-
tion; after several cycles of' this process, tile ori-
ginal is somewhat distorted. What follows is my 
own direct analysis of each of the works cited, and 
I am responsible for any error or misinterpreta-
tion. Tile publications ofIFrye [31 and Scrimshaw 
et al. 14] providc additional reviews and in -pre-
tations of tile role of nutrition in aniebiasis. 

Influence of' D~iet oi 1e Incidence, Nature, 

and Severity of' Amehiasic Disease 


MahmirilionCOmlro/liv'es tie hosv(.snergism). 
The studies of Elsdon-Dew [5-71 on the role of' 
diet in human anebiasis deal with three popula-
tions in [)urban, South Africa: Europeans, Indians, 
and native Zulus. In tihe European population, 
dysentery was rare and extraintestinal aniebiasis, 
such as liver abscess, was practically unknown. 
Among the Indians, dysentery was also rare, but 
liver abscess was not infre(Iuent. In 1ie Zulu 
populal ion, acute fulninating amebic dysentery 
was extremely, conmmon, and extraintestinal 
amebiasis was frequent. The highest incidence of 
infection and invasive disease w's found among 
tile lower- and no-income groups of tile Zulus. 

Although the three populations ;'lermingcd in 
their daily lives, the Europeans lived apart in areas 
of good housing and sanitation. In Cato Manor, a 
notorious slum and an area in which the highest 
incidence of' invasive amebiasis occurred, Zulus 
and Indians lived iii close association, i.. substan-
dard housing (shacks), without adecquate water 
supplies or sewage disposal. Nevertheless, invasive 
intestinal aniebiasis was extreniely conlnon 
among tile Zulu people only; it was rare among 
tie Indians. Tile concept that diet could account, 
in part, for these observed differences appeared iii 
the first of Elsdon-Iew's series on anicbiasis 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 suppknmented 
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 (hat factors essential for protec
tion of the bowel wall against amebic invasion 
may be absent from maize. Later [7], he suggested 
that diet might effect a change in tile bacterial 
flora of' the intestine that, in some unknown man
ner, causes E. hisolvica to become invasive. In 
recent years, bread has replaced maize in the diet 
of' the Zulus ["], 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 
from person to person a major factor in the highincidence and severity of amebiasis among the 

Zulus. They attached less importance to dietary 
deficiences because tie occurrence of disease has 
not been related to any specific f'orn ofi 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
lancing the severity of clinical symptoms. How
ever, malnutrition observed iii patients with 
amebic colitis niay be a result of' the disease itself. 
Individuals, especially those with intermittent 
diarrhea, may have symptoms for a year or more 
before seeking medical attention. Information eli
cited from the patient regarding dietary habits is 
tile only means for determining tile individual's 
nutritional status prior to the onset of symptoms. 
A few examples of' these studies are presented. 

Lewis and Antia [9], in a study of' 295 cases of 
amebic colitis ir 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" 
Guti~rrez-Trujillo 1101 observed advanced malnu
trition in 76%0 of' 439 cases of' intestinal anebiasis 
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 [I l], all of 181 patients were in a state of 
malnutrition on admission. Rajasuriya and Naga-
ratnam [121, in a clinical study of hepatic amiebia-
sis in Ceylon, elicited dietetic histories from 79 pa-
tients. Of these, only 23% ate an adequate diet, 
i.e., 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 diets 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 Ceyloilese diets was probably an 
additional factor causing luxuriant growth of' the 
parasite in the gut. Alcoholism 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 amebac. 

Dogs have been used extensively in studies of 
enteric amebiasis. Faust et al. [131 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 fed only canned salmon devel-
oped dysentery in the absence of apparen, infec-
tion with E. histolvticaled Artigas and Beaver [14] 
and Villarejos [151 to examine this phenomenon. 
They learned that a salmon diet alone could pro-
duce a dysenteric syndrome accompanied by 
histopathologic changes in the colon 114]. 
Moreover, when present, amehae were not pri-
mary tissue invaders, although they may have aided 
in the causation of symptoms [15]. 

Taylor ct al. [161 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. histolylica. In con-
trast, a specially formulated ratbreeder diet 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 

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 
tissue invasion. 

Lynch [171, seeking an explanation for why 
guinea pigs fed a synthetic diet are more susceptible 
to infection with E. hisiolvtica than are those fed a 
commercial guinea pig diet, found that the synthe
tic diet caused histologic alterations in the cecal 
mucosa. Lynch postulated that the sypthetic diet 
conditioned the wall of the cecum to permit iiva
sion by the symbiotic (sic) amebae and bacteria. 
Moreover, 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, tigh
carbohydrate diets on infections with E. his
tolytica in weanling rats and reported that: (1) 
protein-deficient rats were more susceptible to in
fection, and those infected had more cecal ulcera
tions; (2) carbohydrate 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 
effects of host nutrition on the susceptibility to in
fection and on the immune response to amebic an
ligen 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 disease. By contrast, in 
rats fed an adequate diet the incidence of infection 
was halt' as high, a 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 amnebic infection have not been 
adequately investigated, one may speculate that a 
nutritionally compromised host would have diffi
cully mounting an immunologic defense against 
the amebae. 

In at least two studies, evidence suggests that 
lack of a specific nutrient affects the level of resis
tance to amebic attack in animals. Sadun et al. 
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[20] reported that feeding an ascorbic acid-deficient 
diet to guinea 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 
dict were more susceptible to infection with E. his-
to/yica, had more acute symptoms thanu con-
trol dogs ted the same diet but maintained free 
of blacktongue by the oral administration ofliico-
tinic acid. Thus, nicotinic acid was in some way in-
volved in the mechanism of resistance to amebiasis 
in dogs. 

Malnutrition bene'its the host (ut1aiIonilsv). 
Faust [221 surveyed an economically impoverished 
lower-class population in Cali, Colombia, and 
found a high incidence of infection vith EY. histo-
lvica, but relatively little clinical disease. Cysts 
were the most frequently observed f'orm of the 
parasite. Noting large quantities of undigested 
starch in the average fecal sample, and most cer-
tainly cognizant that rice starch is tihe principal 
source of carbohydrate in anieba-hacteria culture 
svstenis, Faust suggested 1inal the abiidance of 
starch might tend to keep E. hisol'tica in tlie 
large intestinc. iLater, Faust and Read 123] showed 
tiat the starch of the yucca tuber and plantain, the 
principal loods of the surveyed population, could 
satisfactorily substitute for rich starch inl cultures of 
a Colombian and a non-Colonibian strain of E.his-
tolt'ica. Considering this finding and tile results 
of otlier studies of starches, as well as lie protein 
deficiency of tile (al population, Faust and Read 
proposed an explanation for tile near absence of 
clinical amebiasis inltile presence of a high in-
cidencc of in fcction. They suggested ihat protein 
maliuirition produces tdeficiency of pancreatic 
and itestinal enzymes, so that ingested starches 
are inladequat lVhydrolyzcd and initact starch 
grains are passed out of tlie body. h'. histl iica, 
colonizing inIlie large bowel, utilizes certainI of 
these starches and maintains itself iintile inlestinal 
crypt s without resortirg to deep invasion of the iln-
testihal wall inisearch of tihe required carbo-
hydratL. In lese stuldics, w\a;ish. Iiartmunti, COlt-
sidered a forln of L'. histolvlica. 

Meerovitch 1241 advanced a somewhat similar 
hypothesis to explain why tile reptilian ameba, iEn-
tamoeha invadens, lives itsa harmless commensal 
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in turtles but as an invasive parasite in carnivorous 
reptiles. Meerovitch argued that, in the partially 
herbivorous turtles, the amebae 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 
poly::accharide led the amebae to feed on mucus 
secretions of' the intestinal epithelium and to in
vade the tissue. 

The avidity of 1Y. hIistoltica for erythrocytes is 
well established. Trissl et al. [25] noted a correla
tion bctween a strain's virulence and its ablity to 
phagocytose human red blood cells. Latour and 
Reeves [26] provided evidence that E.hisiolylica is 
an organism with above average requirements for 
iron. Weinbach et al. 127] identified iron-sulfur 
proteins as major electron carriers. Diamond et al. 
[281 showed that, when hansters overloaded with 
iron administered orally or parenterally were inoc
ilated iitrahepatically with axenically cultivated 
aniebac, they suffered more frequent and more se
vere hepatic lesions than did normal controls. 
Moreover, the same authors suggested that iron 
overload in Zulu men, brought on by the excessive 
intake of iron from native beer, night account in 
part for the fuhIminatin g amnebic dysentery seeni in 
these people (synergism). On lie other hand, the 
iron deficiency anicnia comionly observed in 
wonien between nienarclie and menopause niight 
protect tteni against liver abscess, which is less 
likely to occur inl woniei than in men belonging to 
this age group (antagonism). 

Murr:ty et al. 129] reported that E. histolytica, 
as determined by serologic technique, was rela
tively uncommon itnomiadic Turkana (three of 
230) in Kenya vho subsisted principally oti 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 (leficient. In a controlled prospective 
study of'pastoral Masai, tle same authors [30] re
ported thit administration of iron to correct 
aneiiia led to increased susceptibility to amebia
sis. The data supporting Ihis conltention are 
meager and open to some qucsion. One year after 
initiation of the study, Group I (intreated con
trols) included 35 individuals with cysts, and three 
with sera positive for 1'. hisoly'twica. Group II 
(treated by oral adininistration of' iron) consisted 
of 35 patients: I I with cysts, seven with trophio
zoites, and 17 Free of tlie ameba (29 of the pa
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hients, including ail those that were infected, were 
scrologically positive). Group Ill, 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 to 
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 of 
the study, the II serologically positive patients 
who passed cysts had suffered tissue invasion and 
were now in the healed state. Spontaneous selt'-
cure is known in intestinal amebic disease. But 
none in the study gave evidence or history of ab-
dominal pain or diarrhea. Even tle 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-
lions 1311, and an argument that many of the posi-
live 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 inlec-

tion warrants additional carefully controlled clini

cal studies with full parasitologic testing and more 
dependable serologic tests. 

Alleviation of Symptoms and Eradication of the 
Parasite by Diet 

One of the early experimental studies 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' ionkeys and chil-
dren. The childrer were asymptomatic. Three of 
five monkeys fed exclusively on rav, milk for two 
weeks became negative for L'ntumoehu (Itscnleria' 
(E.histol.vyica) and flie comnlensal -lEninochu 
coli and remained free of these parasites during 
three months of observations. Two of three chil-
dren fed exclusively on raw milk wcre rid of the 
pathogen and remained free. Two children and 
two monkeys serving as untreated controls re-
mained infected with lthe amebae. In a later study, 
Kessel [331 fed diets of milk, lactose or lacto-
kepol (emulsion of lactose, agar, and mineral oil) 
to rat.;, monkeys, and hunmns. Fight of' 15 rats, 
one of II monkeys, and three of nine patients 
(given milk or lacto-kepol) were cleared of' 1. his-
lolylica. Kessel related the clearance of' the 

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 . hisfolytica 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 
[211 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
lance to E. hitolitica in dogs. 

d Am eai 

In a search for factors responsible for differences 
in the frequency of clinical amebic dysentery in 
two rural communities in Tennessee, Alexander 
and Meleney [35] conducted a detailed and pains
taking study of the dietary habits of the two popu
lations. One community, situated in hill country, 
had a high incidence of infection with E. histo
lytica, 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 inboth communities, carbohydrate 
intake more than adequate, and fat 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.histolyica 
in either community, with or without acute 
dysentery. No correlation appeared between lack 
of vitamins and infections with the parasite. In 
general, infection was more frequent in both com
munities among families with lower caloric in
takes, but, as the authors conceded, this correla
tiion could have been due to factors ot her than 
diel, such as better pe, sonal hygiene and protec
tion from infection. The anthors 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 alfect amebic infection 

Winfield and Chin [36], Studying the epidemiol-
ogy of parasitic amcbac in China, attributed the 
high incidence of infect ion with E. histoly'icu in 
northcr'i 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 eaten cold. During the time be-
tween preparation and consumption, which could 
be hours or days, the cold bread was subjected t) 
repeated contamination froi i family food hand-
lers, flies, and the dirty hands of' the consumers 
themselves. Understandably, the relatively resis-
tant cyst, tlie transmissible stage of h. hi.solt'ica, 
could be readily passed between fanily members. 
In central and sout hera C'hina, rice was commonly 
eaten and bread rarely taken. Ricc was odinarily 
eaten hot and, when kept from one mleal to another, 
wa:; usually stored in covered containers, dis-
pensed with a spoon, and eaten with chopsticks. 

Carrcra et al. [371 found no significant di'-
fcrences in rates of inftectivity or severity of 
disease in guinea pigs fed ali adequate diet, a diet 
quantitatively deficient in protein, or a diet 
qualitatively deficient in protein, 

Conseq~uences of Anmebic Infeclion on the 

What little is known regarding the consequences 
of inf'cction is based more on clinical observations 
than on experimental evidence; and because of the 
protean nature Of* amebiasis, these consequences 
are not readily identifiable. Diarrhea and, at 
worst, dysentery accompany intestinal amebic dis-
ease. Diarrhea 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 inseriously aftected patients. Lewis 
and Antia [9], in describing mild to moderate 
amebic colitis in 200 patients who passed tip to 
four loose stools daily, noted the absence of' con-
stitutional disturbances. Nevertheless, 12.5/o of 
these patients died because of their ini'ections. 
Martin et al. [38], in a study of the elicacy of 
amebacides and antibiotics in aniebiasis, 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, 
even those whose sigmoidoscopic examination 
revealed extensive enteric lesions, was in marked 
contrast to that of tlie acutely ill, toxic, dely
drated patients with shigellosis." Dehydration and 
loss of electrolytes appear as common f'eatures 
only of' severe amebic dysentery [9, 39]. Electro
lyte imbalance appears to be a more important 
feature of the disease in children. Castafieda-
Castafieira et al. [40] studied 103 Mexican chil
dren, aged 54 days to 16 years, suffering from dys
elery, diarrhea with blood and mucus, or pro
tracted diarrhea without blood. Twenty (19.4%) 
were found to have invasivc intestinal amebiasis. 
Of these, 60 0/o were found to have electrolyte and 
acid-base imbalance, and 15/o an intolerance for 
carbohydrate. Anemia is tinconnmon even in acute 
dysentery, but serum albunin is low [411. 

The problem of' identifying malnutrition as a 
predisposing factor or a consequence of amebic 
disease has been mentioned. Coexisting helninthic 
infections can add further complications. FIor ex
ample, trilmuriasis (whipworm infection) is at 
times associated with amebiasis in children and 
has been suggesteu as a predisposing factor. From 

a study of aboriginal children in Malayasia, Gil
man et al. [42] provided evidence that malnutrition in patients with coexisting int'ections resulted 

more from infection with Trichuri.s than from in
fection with E. hisioly'ica. These researchers 
found no evidence 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 
f'orm of amebiasis, is acute and severe. Anemia, 
which is conmmonly documented in cases of ame
biasis [41, 43, 44], is normoblastic and hypo
chromic 1441. Mayet and Powell [44] and Dia
nond 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 lound 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-
ease 	state [45]. 

In an effort to determine the mechanisms of the 
anemia associated with liver abscess, Devakul et 
al. [46] examined the absorption of vitamin 13,,. 
Most patients showed remarkably reduced urinary 
excrecion of 1312. The researchers altribuled 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 
1312 	 was measured, the results were parallel. This 
nmalabsorption was attributed to changes in inles-
tinal function that occur during active disease but 
are not related directly to the abscess itself. 

Concluding remarks 

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

Sonic of the reports presented suggest a correla-
tion 	between malnutrition of the host and higher 
incidence of infection and/or severity of disease 
(snyergism) Some suggest that malntutrition oper-
ates 	 in defetnse of' te host, protecting it against 
tissue invasion antagonisni). A few reports suggest 
that 	dietary regimens call alleviate symptoms and 
eradicate tlie 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 oi the diet of the host), the bac-
terial flora of tile gut, and concomitant patho-
genic infections. The host, too, is variously altered 
by dietary depletions atid supplementations, 
which affect susceptibility and resistance, and by 
the presence of other disease conditions. Tile 
separation of all of' these factors in future clinical 
studies will require careful attention to the selec-
tion and study of the pertinent details of' tie popu-

lations or patients under investigation. lInforma-
tion from such sttdies would be v'ery useful. 
Studies in vitro of the nuiritiorial requirenicnts 
and physiology of the ameba may add pertinent 
information. Experimental studies in aimals mayof 

further elucidate the problem. The value of these 
studies will be enhanced if inherent differcnces in 

the virulence of different strains of E. histolytica 
are considered. Some of the animal studies re
viewed here can be faulted for a lack of clear iden
tification of tie invasiveness of the strains em
ployed. The presence of three morphologically 
similar amebae in humans, i.e., E. histolylica(sensu 
stricto), E. histolytica-like amebae, and E. harlman
ni, must be taken into account. Future investigators 
must rule out tile possibility of mixed infections in 
the inatcrial they use to infect their animal models. 
Various ciues about cereal diets, the importance of 
trace metals, such as iron, th,- influence of various 
factors on amebal growth in vitro, and attachment 
to substrates and invasiveness suggest that future 
workers will be able to disperse sonic of tile clouds 
around this problem. 
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Giardiasis: Host-Pathogen Biology 

David P. Stevens From the Divisions oJ Geographic Medicine and 
Gastroenterology, University lospital and Case Western 
Reserve University School of Medicine, Cleveland, Ohio 

Giardiasis isthe most common waterborne diarrheal disease in tile United States and is 
highly prevalent throughout the world. The clinical spectrum of'disease ranges from 
asymptomatic infection to persistent severe nialabsorption. 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 asecond organism. The host's immune systei may play both a protective and 
a pathogenic role. 

While Lanibl was the first to recognize human 
Giardia in stool in 1859, lie, iil all modesty, chose 
to call it Cercononas intestinals. KIunstler named 
the genus Giar(dia 23 years later, but it was a half 
century more before Giardia lamhlia finally 
received its current name [I]. The organism was in 
fact first observed as soont as von Letwenhoek 
looked at his own stool under his microscope in 
1681 [2j. inspite of this long history of recogni-
tion, Giardia was thought for centuries to be a 
commensal organism. It vas considered to have 
little relevance to disease, and its occurrence in 
stool was generally thought coincidental with tile 
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 inwaterborne infeclious diarrheal 
diseases became apparent. This was recognized 
most dramatically in two settings: (/) when cotn-
mutiity water supplies laden with G. lamblia 
passed through inadequate filtration systems and 
led to disseination of the organism and (2) when 
traveler; from areas where giardiasis is uncommon 
returned ill frot endetnic areas 131. While disease 
was undoubtedly present prior to tile recent redis-

'lcasc address rtlutcts to I)t. 1. Stcvcn,,I'orclpiiti, tmvidM 
Division 01t (icogr 1mthic Nlicine, I)cfmIrmCi of Medicinre, 
University I lospitals, Cleveland, Ohio 44106. 

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 indistinct from more-trivial inter
mittent intestinal dislurbances. 

Waterbotpte giardiasis. Giardiasis spreads 
among humans via at least two routes: by infected 
water supplies [4] and directly from person to per
son [5, 6]. '[he first dramatic recognition of'corn
mrunity-wide water contamination occurred itl 
Aspen, Colorado, inl 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 cotn
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 idcnti ficati'm of giardial cysts in sus
pcclcd water samples strenigthened the argument 
for the association of failures in filtration systems 
with outbreaks of' disease 18]. 

There is strong suspicion that animal reservoirs 
of hutnan Giurdia exist. This hypothesis grows out 
of the increasingly freq uent observation of 
Giardia-infected beaves in waters upstream l'rom 
f'illtration plants implicated in cotnnunity outbreaks 
[9, 101. If valid, tile concept of atinial reservoirs 
for G. Iamb/ia would help explain tile develop
ment of in fection illpersons drinkitng the pristine 
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water 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 a 
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) to communities of such apparent 
sociocultural development as Leningrad, from 
which 23 0/o of North American travelers return 
with giardiasis 1I1]. 

Pei:rvon-lo-perso,, Vpread. Observation of the 
high frequency of giardiasis among children in day 
care centers [5] and among promiscuous male 
homosexuals [6] strongly suggests that the disease 
can be transmitted by direct contact. These obser-
vations have implicated poor personal hygiene 
and/or personal contact as contributing to the 
milieu where the organism may complete the fecal-
oral route and establish in fection in tile new host. 

The Pathogen 

The parasite exists in two forms: the motile, 
flagellated, 9 x 15-am trophozoite and the some-
what smaller, tough-walled cyst. The trophozoite 
is pear-shaped, with four pairs of flagellae extend-
ing from its lateral 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 electron 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 tip 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 undefined [131. 

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]. 

Stevens 

There is no evidence that they are propelled for a 
particular purpose or by tropism, but no substan
tive data exist in this area. Presumably peristalsis 
carries them caudally in the host's 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 imp!ying host speci
ficity by these various strains. While minor 
changes in substructure help differentiate Giardia 
Ipiuris from G. /unblWi [I], there are no similar 
morphologic or other cities for differentiating 
among the more than 50 other named species. 

Early studies suggested that Giardlia isolated 
from human stool would infect rats and mice [16]. 
These studies ignored the high prevalence of wild 
strains of Giardia in various rodents and are, 
therefore, probably of questionable value. The 
most subFcantivc 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 ',arious 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 Giardia prior to infection. These data 
provide the first substantive evidence that dogs 
may provide a reservoir for human Giardia. 
Moreover, these authors have reported that Giar
alia 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 
(fron 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 presents 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 interaction 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 Celk 

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

Morphologic evidence from both light [18-201 
and electron microscopic studies [12, 17, 21] 
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 

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 penetrating 
skills that permit assertive action on the part of the 
parasite is unclear. Electron microscopic evidence 
showing degenerating cells adjacent to invading 
or!,anisms suggests the former conclusion [23]. 

There is considerable physiologic evidence for 
malfunction of the epithelium of the small intes
tine in giardiasis. Temporary 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 functional counterpart to the 
morphologic alterations described above. Other 
alterations that have been described include fat 
and B1 2 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 MecLanisms for Epithelial Damage 

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

Physicalinterference. 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, no 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 extenively 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 none has habiting that organ may contribute to the patho
been identified. Preliminary evidence suggested genesis of superimposed giardial infection. The ef
that cultured trophozoites exert a toxic effect on fect of antibacterial drugs, such as metronidazole,
tissue culture fibroblasts in vitro. This area re- in the treatment of giardiasis may support thismains a tempting one for investigzton. argument as well. Others [28] have reported simul-

Damage by direct interactin,:. Morphologic taneous giardiasis and overgrowth of the small
evidence has demonstrated tlhd the rnicrovilli bowel with bacteria in persons with symptomatic
under attached trophozoites may be directly giardiasis, some of whom had all excessive
alte, ed by contact with trophozoites [17, 18, 21]. amount of deconjugated bile salts in the jejunum.
The possibility of interaction between host and The latter observation suggests a possible
overlying trophozoites is plausible only if recovery mechanism for steatorrhea in giardiasis. On the
of the epitheliun is delayed, which would allow other hand, coincidental experimental infection ofextensive damage by relatively few trophozoitcs. mice with another intestinal parasite, Trichinella
Deformation of microvilli under the sucking disk spiralis, in addition to Giardia, resulted in sup
seen in electron micrographs [17] and the above- pression of the intensity of giardiasis [29]. Further
described interaction between trophozoites and observations of concomitant bacterial infection of
fibroblasts in tissue culture remain the strongest the small bowel will be necessary to suppor:
evidence for this hypothesis. appealing 

the 
hypothesis that bacterial overgrowth

C",repetitionfor nutrients. The relatively low participates in the pathogenesis of giardiasis.
numbers of giardia trophozoites (as opposed to 
the enormous epithelial surface) are the most 
cogent argument against the hypothesis that Interaction of Giardiaand tie Host Immune System
trophozoites usurp the host's share of ingested The interaction between the parasite and immunenutrients. While sharing intraluminal nutrients system may have two possible outcomes. The first
surely must occur, its importance to host illness is is a putative protective response, for which reaundefined. There is no obvious mechanism, how- sonably strong evidence exists. The second is an 
ever, whereby such passive competition would immunopathogenic response, for which the evi
result in morphologic changes in the epithelium. dence is more tentative.
While competition seems a likely occurrence, it is Protective immnunity. Several lines of clinical
probably of little pathogenic significance, evidence suggest a protective immune response in

Induction of inJlaininaiorv'response. An in- human giardiasis. In the mid-1950s, Rendtorff
flammatory response involving polymorphonu- and Holt [30, 31] prospectively infected prisoner
clear and mononuclear cells in the submucosa of subjects with giardia cysts. While the number of
the epithelium occurs in giardiasis [18, 26]. Such subjects was small, efforts to reinfect these percells might conceivably secrete inflammatory sons with a second challenge with Giardia resulted
mediators such as kinins, which could alter in fewer infected subjects and suggested a protecepithelial structure and function. The intensity of tive effect of the earlier primary infection. Also

the cellular response appears to be proportional to compelling is the more-frequent development of
the intensity of the infection and/or the extent of clinical infection in short-term visitors to endemic
observed epithelial cell change [26]. It is in all areas such as Aspen, Colorado [7, 321, than in
respects similar to the inflammatory response seen long-term residents of those areas [3]. However,
in other diseases of tile small intestine associated repeated giardial infection in the same host may
with shortening of villi and elongation of crypts result from an incomplete protective immune
(e.g., gluten enteropathy). Whether this inflam- response. Other possible explanations for this 
matory response is protective, pathogenic, or both observation include variations in Giardia species
is not apparent from available observations, or the recurrence of occult or incompletely treated 

Coincidem,al infection. In 1967 Yardley and infections.
Bayless [19] suggested a role for altered bacterial Evidence that a hImoral immune response is an
flora in tile pathogenesis of giardiasis. Tomkins et important part of the host protective response deal. [27] have presented evidence that infection of rives from the frequent observation of giardiasis
the small bowel with bacteria normally not in- in association with common variable immuno
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globulin deficiency syndrome 33-361. 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-Giarclia 
drugs [331. 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 reproduc-
ible secretory imnunoglobulin deficiencies 
[38-40]. Studies of possible cellular immunodefi-
ciency have not been reported. While giardial in-
fection is a frequent occurrence in persons with 
humoral immunodeficiencies, occult imnlunodcfi-
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 
[421, employing axenically cultivated G. lamblia 
trophozoites as indicator cells for an indirect ima-
munotluorescent antibody test, have provided 
even more substantive evidence of such a response 
[42]. These observations indicate 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 titers 
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 rourine model of giardiasis devel-
oped in our laboratory sUpport the protective role 
of immunity for this infection in the mouse 
[43-45]. These studies employed a rodent strain of 
Giardia isolated from a golden hamster and 
studied in CF-I 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-

ly athymic animals (Nu/Na) [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 rote for tole 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. mnrs trophozoites suggest that 
the mediator of this protection was associated with 
both anti-Giardia IgA and lgG [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 follows the same uniform pattern: 
peak excretion in one to two weeks with resolution 
in six to eight 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 imunte reactivitV 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 
lymphocytes from the spleen of immunologically 
intact mice injected into congenitally thymus
deficient mice resulted in reduction of the 
villus : crypt ratio in Giardia-infectedmice [50]. 
Immune 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 Giardiaand the host immune system. 

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 
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with lymphocytes by scanning electron micro-
scopic studies of the murine model [12]. A second, 
more conventional possibility is that submucosal 
macrophages engulf the occasioiial trophozoite 
that migrates between senile epithelial cells. 
Transmission electron microscopic studies of the 
murine model have demonstrated fragments of 
trophozoites in nacrophages just below tile epi
thelial surface of the small bowel [23]. Once an
tigen is initially processed by macrophages and/or 
intralunlinal lymphocytes, tile protective immune 
response (which is thymus-dependent) develops 
and is partially mediated by secretory IgA in the 
small bowel lumen. Lymphocyte precursors for 
IgA secretion, cestinlei for other organs of thle 
secretory illune system (such as tile mammary 
gland), move to these sites via the thoracic duct 
and 	tile circulatory system and may be trapped by 
the 	 appropriate orgaa (e.g., thle lactating main-
mary gland) 1511. 

Whether or not interaction with cellular com-
ponents of' the immune system also results in kill-
ing 	,)f the trophozoites is unclear. Secretory IgA 
may 	prevent adherence and thereby interfere with 

establishment of new infection [52]. Mechanisms 
whereby secretory itniunoglobulin interacts with 
the trophozoite, to the latter's detrihient, are 
unclear and await further study. A second oral 
challenge with Giardia, to which thle 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 
tile 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 
athynic 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 

epithelium as well as protectively with the para-
site. The end result is malabsorption of important 
nutrients for the host, with consequences varying 
from asynptomatic, self-limited infection to

withei 	 accopanying
severe epithelial dysfunction wmouse 
important nutritional consequences. 

The conclusions of this paper are supported in a 

Stevens 

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 
prciise 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 ot Giardiahmhlia int rIanIhas ended, and the issues 
regarding the prevalence of clinical and subclinical iil'ection and their nutritional ini
pact have become tileforeniost conisiderations. Giardiasis can produce sleatorrhea, 
maldigestion, and inalabsorptioli of carbohydrates and of vitamins A and 13,.The 
iechanisis of tle absorp iie dysftnction arl. clear, .lorphological abnornot but 

talities of the intestinal maitesosa antld/or bacerial overgrowth inight play a role. Severe 
clinical giardiasis can catse "lailure to thris e"in voting chidrcn, but tileinipact , it any,
of subclinical giardiasis oil growth in general populationts is not well defined. Protei 
energy malnu trition appears to predispose to giardial intection, perhaps b,'ause of [tie 
accompanying hypocitorhydria, iIIIm iiiisi uplpressiott, and altered gasroiniestinl 
flora. The lack of a sensitive alid noiinvasive diagilostic test for human giardial in fec
tionilii Is tite investiaillon of tihe nutritioi al correlates of' giarliasis. 

A major obstacle to teneralizations about ttte in-
pact of giardial in fection on tile human is the great-
ly variable expression of tie disease. The major 
recent clinical reviews of hunian aialiasis all ema-
phasize a specrum of presentat iots from asymp-
tomatic indiViduals \\ith cysts or trophozoites 
found incidentally oniroutine stool examination to 
patients with gastrointestinal sympt onis and de-
bilitating malabsorption syndrome 11-9]. 

The Nutrilional Impact of Giardiasis on life lost 

Not surprisingly, tile prevalence of nutritional dis-
turbances ii patients with giardiasis varies greatly 
witi tile selection of tite series, that is, wili only
a.sylnplolna.li Ccases, onily) synmptomlatic cases, orsvniup otrtiia iccases,to.Mors\ni rtcumnaiicseli or 
somei nixt tire of' tlie two. IMoreover, qluant i ficat ion 
of proloioal burden is without signi ficant benefit. 
A prospective stuldv in which prisoners were inlen-
lionally infiected \wiiliarying doses of Giardia 

iilulo (I.Nctricitic ('ciuo Acnmrica yI'anami iubtica-
itonno. 1-11331. 
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hmhlia cysts showed no correlation between tlhe 
dose administered, fecal excretion of organisms, 
and symptomatic response. Most subjects, infact, 
remained asymptomiatic, and their experimental 
giardial infections spontaneously cleared in one to 
seven weeks [10, 111. Oi Ilie ofther hand, a sugges
live correlation between antibody titer to giardiol 
cyst antigen and absorptive dysfunction, diagnosed 
oii the basis of fecal excretion of' organisms, was 
observed in a specrttm of patients [121. However, 
in patients withImargial protein-enlergy nutnt ire, 
nutritional instilts to the intestine rather than the 
Giardia per se coulh be responsible for malabsorp
tion [131. 

Morphological Changes ilnthe Inteslinal Mucosa 

A murine modcl for giardiasis has been developed 
with Giardia ,muris I14]. When inbred strains of' 
mice are intfected with G. nuri.s, a predictable de
crease inthe ratio of villus to crypt cells is seen.
and tlildegree of' norphologic damlage is propor

6Il 1o t he size 0f tile inoculn of1onal protozoa 
[151. Experitiental itifections with G. imiri." also 
resull in cotnsisteilt infiltration of tile villous epi
thelial layer with intraepilhelial lyniphocyles 1161. 

The issue of nlorphologic change iiill uan giarti 
diasis, however, is not so)straighltforward. Radio

graphic studies based oila ilimited iiniber of' cases 
have reported tle reversal of several patterns, i11

http:a.sylnplolna.li
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eluding mucosal edema, a "sprue-like" pattern, 
dilatation of the duodenum and jejunumn, and other 
"motor disorders," following successful treatment 
or the giardial infection [17, 181. A picture of' lie 
histologic alterations related to Giardia in tile 
human intestine emcrgcd with tile application of 
increasingly sophisticated morphologic investiga-
tions of naterial trom intestinal biopsies. IHisto-
logic changes arc round across tile spectrum of' 
clinical presentations, from asyrptomaltic giardia-
sis, diagnoscd on routine .,tw Cxianliiation tI9], 
201, to giardiasis accompanied 1 gastrointestinal 
symptoms [21-23). The frequcncy and dcgree of 
Inucosal injury varies fron series to scrics. Tc\vari 
and Tandon 1241 found mild cellular changes 
under light microscopy but rio evidence of' villous 
atrophy [20--23, 25-291. Various atsnts of in-
flainialory infiltration also acconmpany tle viI-
Ious shortening [19, 20, 23, 25]. Restoration of 
normal villous architecture and reduction of in fil-
tration and inflannation have been observed atter 
eradication of tile infection illmost patients biop-
sied serially 121, 23, 27, 291. That Giardiacall have 
a p ro'Und niorp hologic effect on intestinal mu-
cosa is indicated by several reports oft otal villous 
atrophy accompanicd 1y dense round-cell infil-
tration or the lamina propria in association with 
giardiasis; the rnrrcosal lesion \as reversed after 
eradication or tile protozoal inrfection [30, 311. 
Dunconibc el al. 122] found a rough correlation 
between the degree of Mucosal injury and ihe so-
verity of' tile diarrhea iii 17 patients with viardia-
sis, 15 of \\'hom1 had syviptoi:llic illness, 

Morphologic suidics at the subcellnlar level have 
also provided insight into tile mechanisms of, the 
histologic dannage that ntight be responsible for 
iucosal dysturncion in giardiasis. Intraepithelial 

lymphocyles were observed in patients withIiod-
crate and sexere nalabsorption and giardiasis 
[32] but not inpatients with mild absorptive inr-
pairmeti. Eiarly investigators [25, 27, 331 were uni-
able to demonstrate intraepithelial invasion by 
Giardia. Invasion ariong epithelial cells by tro-
phozoites, however, has stbsCqUent ly been dcin-> 
onstrated by a numher of investigators 120, 34, 351 
and seems to be an established finding, although 
its role in tile fpathogenesis of rrir cosal injury is 
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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 elaborately and elegantly demonstrated 
in experimental infections of' mice with G. muris 
[38, 39]. Recently, high quality scanning electron 
micrographs of G. lamblia on human mucosa, 
published by Dr. Robert Owen [401, demonstrated 
the same phenomenon (figure I). 

Thus, based on tie histologic alterations ob
served inhuman and aninal giardiasis, a number 
of pathogenetic mechanisms have been proposed 
as explanations to intestinal dysfunction. These, 
reviewed by Tandon er al. [41], inl ide tie presen
tat ion of a Iurcosal barrier to the passage of tn
trients, cellular injury and irflamiiation reactions 
dile to tile pre.,,ence of tle Giardia, and mucosal 
cell invasion by the trophozoites. A reasonable as-
Slii Ipt ion is that any or all of these mechanisms, 
alone or incombination, may impair intestinal ab
sorption iinan individual with giardiasis. H-ow
ever, other mechanisms, not related to the absorp
tive surface per se probably also contribute to the 
abnormalities in absorption and digestion in 
giardiasis. 

Aherations in Biliar' nd Pncreaic Function 

It is not widely appreciated that G. lamblia, by 
local extension from the duodenum, can also infeci 
the biliary and pancreatic tracts. This complication 
of the disease, althoirgh rare, must also be exam 
ined in terms of' potential nutritional implications. 
Soto and Dreiling [421 and Goldstein et al. [431 
have recently brought this condition to attention 
in case reports involving two patients with symup
torus of cholecystitis/cholangitis. In both patients, 
biliary drainage revealed no biliary calculi or 
sludge, bit rather abundant trophozoites in the as
pirated bile. Eradication of the Giardia resulted in 
prompt resolution of' tile biliary tract symptoms, 
Goldstein et al. [43], 'rom a review of the interna
tional literature, identiied at least eight additional 
publications describing what they termed "hepato
biliary giardia syndrome." Pancreatic funCtiol 
can also be impaired inbiliary giardiasis; a reduc

poorly understood. Several studies of Ihurrirart ill- lion illtile prodtuction of' pancreatic enzyme was 
fection suggest thar tile Giardia altach by means enconrtered iil children with chronic cholecysto
of a specialized apprattlrs to lie inicroVillous bor- cholangitis induced by Giardia [44]. 
ders of' tie epithelial cells 136, 37]. This process Even inindividuals whose giardiasis is liniited to 



861 Giardiusis: Nutritional Inpllications 

) 

V 
4 . 

Figure 1. Scanning electron micrograph of Giardia 
lamblia trophozoites in a crevice over a human jejunal
villus. From [401, reproduced with permission and kind-ly supplied by Dr. Robert Owen. 

the intestine, the evaluation of pancreatic functioin 
has led to 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 efficiency of 
fat absorption. In another report [46], tryptic 
activity following stimtulation of tlie pancreas with 
a Lundh meal was reduced in patients with intes-
tinal giardiasis; trypt ic activity improved in 90% 
of the uhjects after eradication of the parasites. 

Upper iSall Int'ine 

Art association between giardial iitfection and ab-
normal coloniiation of the tipper intestinal iract 
has been reported. Nair et al. [471 found that a 
surprisingly high percentage of patients with giar-
diasis (301/o ), as compared wiih controls (0%), 

harbored Candida alhicans in the jejunurn. Torn
kins et al. [48, 49], at the Hospital for Tropical 
Disease in London, studied 46 adults with per
sistent giardiasis acquired Curing overseas travel. 
Fourteen of these individuals showed malabsorp
tion in two or more tests, including fecal fat ex
cretion, urinary o(-)xylose excretion, and the 
Schilling test; they were classified as having "se
vere" inalabsorption. Fecal organisms (Enterobac
teriaccae 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 eliminated 
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. [411, studying 63 cases of giardiasis 
in India, found 17 individuals with steatorrhea. 
Bacterial overgrowth, wih concentrations of 
organisms >10/mIl was found in the jejunal as
pirates of eight patients with steatorhea, 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 jejun. Peruvianwtotcmaiaino h euu.Prva

invesiigators [50, 51] claim to have eliminated the 
malabsorption of patients 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 tipper 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 Mlabsorption Syndrome in iardiasis 

Although the debate about the patlogenicity of 
G. lamblia in humans has raged for decades, the 
association of Giardia with florid, chronic malab
sorption syndrome has been aiply demoinst rated. 
Veghelyi [52, 531 isgenerally credited with the first 
recognition of this association. Both lie and Cort

ncr, however, con fused the association with celiac 
sprue [53, 541. Chauduri [551, in India, also re
ported a case of severe malabsorption in associ
ation with giardiasis. Subsequently, numerous 
case reports and reviews have confirmed the oc
currcnce of all tile classical nianifestations of the 
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malabsorption syndrome, including wasting, hy-
poalbumninemia, diarrhea, and steatorrhea, in pa-
tients with giardiasis [3, 17, 25, 27, 35, 55-591. In 
a majority of the survivors, eradication of the in-
fection reversed the tnalabsorption and facilitated 
nutritional recovery, 

Specific Absorpfive D~efects andi Nurient Deficiencies 
Accoinpanying Giardiasis 

A host of observations in human patients with in-
testinal giardiasis have documented malabsorption 
and/or deficiencies of several nutrients. These are 
fat, carbohydrates (D(-)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] reporte2(d impaired absorption of '"'I-labeled 
triolein in a child with giardiasis. Daily fecal fat 
excretion in the range of 10-60 g is commonly re-
ported in patients with giardiasis [17, 27, 35, 60-
621, but in one study of eight adults, only mild fat 
malabsorption (<lOg) was found [591. Noncthc-
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 mmber 
of published series 119, 23, 24, 32, 36, 40, 63]. 

Carhol' drates. The urinary excretion of the 
partially absorbable, nonmetabolizable pentose 
sugar, u(-)xylose, during the five hours following 
an oral (lose 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' I I children with giardia-
sis. All normalized after treatment. Fourteen of 23 
children infected with Giardia had reversible 
i)(-)xylose malabsorption in another series [64]. 
The prevalence of abnormal ab.iorption of xylose 
in human giardiasis has generally been reported in 
the range of 23% to 55% [18, 23, 24, 32, 63]. In 
some series, however, malabsorption of xylose has 
been virtually nonexistent [40, 59, 651. Unfortu-
nately, not all investigators in these studies ema-
ployed the same criteria for abnormal D(-)xylose 
excretion. Moreover, doubts have b:en 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 galactose. And finally, the as
sociation of bacterial overgrowth with giardial in
fection and the recent demonstration of D(-)xVlose 
fermentation in tile ipper gut in such cases [66] 
suggest that some of tile reduced excretion of xy
lose may result from intraluminal metabolism by 

bacteria rather than from failure of intestinal 
uptake. 

Tile digestion of disaccharides and more coi
plex carbohydrates call also be altered by giardial 
infections. Flat curves of plasma glucose were seen 
after administration of an oral lactose load to pi
tients with giardiasis [67, 68]. Malabsorption of 
sucrose was also demonstrated in patients vith 
giardiasis [681. The malabsorption of disaccharides 
was transient and responded to the eradication of 
the infection. Reversible depre:.;sion of disaccha
ridases, laclase, 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. ltiris, in
tralumlinal 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, 701 or water-tuiscible [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 rediiction in the 
post-absorptive rise of serum folate in six of eight 
patients with giardial infection. Low circulating 
levels of folate were encountered in 36/u of 28 pa
ticnts with giardiasis studied by Hartong et al. 
[23]. 

Absorption of vitamin B ,2has been the most ex
tensively studied aspect of vitamin metabolism in 
giardiasis. A number of investigators [17, 23, 24, 
29, 30, 39, 49, 61, 63, 67, 731 have reported a sub
stantial incidence of abnormal results of the Schill
ing test among patients with giardial infections. 
Since Giardia selectively colonize the duodenum 
and utpper jejunum, a mechanism for the ileal ral
absorption of vitamin 13, 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 tile giardiasis of immunodeficiency syndrome 
have been published [74, 75]. 

Fecal Loss of Endogenous Nutriets in Giardiasis 

Intestinal infection; can compromise the nutri-
tional status of the hos: by provoking transintes-

tinal loss of endogenous nutrients. In the case of 
o ionulcr-frmigblod-eedng araite, oss 

ulcer-forming or blood-feeding parasites, iron loss 

of iron. Intestinal protein exudation in giardiasis 
has not been studied bul is not likely to be sub-
stantial. The turnover of cells, i.e., the cellular 
nutrient content, is greatly aLcelerated in the 
niurine model infected with G. muris. Ferguson Ct 
al. [76] have shown a production rate of cells that 
is two-fold greater, without any elongation of the 
villi, in chronically infccled mice. Acute infection 
significait ly increased the production rate:; of 
crypt cells and cell renewal [76]. The exfoliation of 
mucosal tissue, then, appears to be accelerated by 
giardial infections. Overall, however, fecal loss of 
endogenous nutrients does not appear to be a mda
jor problem. 

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 vitanin 13,2 by the 
fish tapeworm (Diph'llobothriuln latum). The 
total biomass of the parasite load and tile host's 
daily requirement for a given nutrient are, lheo-
retically, major determinants of v.het hcr or not 
any nutritional impact on the host occurs. Vitamin 
13, is especially vulnerable because the daily al-
lowance is in fhe range of 3 p.g per day [77]. The 
next most vulnerable nutrients are trace minerals 
such as nickel, molybdenum, chromium, and se-
lenium, with requisite intakes on tile order of 75-
200 pg daily. Fhe absolute biomass of Giardia in a 
heavily infested person is not precisely known, but 
it is unli kely to exceed a grain of organ isms. Thus, 
once a nutrient is consumed regularly in am1ounLs 
inl the milligram range, the Giardia are unlikely to 
require more than a minute fraction of tlie dietary 
intake. 
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Catabolic Loss and Metabolic Redistribution of 
Nutrients in Giardiasis 
Infection with Girdia, 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, 431, can present with the classic in
flaunmatory features of acute or subacute chole
cystitis or cholangitis. The associated febrile re

sponse civ a t s sr so catbolic re 
sponse activates a series of' catabolic responses, 
including impaired fat utilization, mobilization of 

amino acids, and increased urinary loss of nitrogen
and zinc [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
cations for the patient with hepatobiliary giardia 
syndrome. 

'rhe Effect of Giardiasis on 

Growth and Development 

Experimental infections in mice with 100, 1,000, 
and 10,000 G. mris 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 delined. 

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 posteradicat ion fol
low-up observations lasting from two weeks to 10 
months and involving 24 children revealed that 
during the interval of relabilitation 19 subjects ex
ceeded the expected, ideal, age-adjusted Weight 
gain. This "catch-up" growthIi, 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-energy nutrhure. 

In a recently concluded study in a highland vil-
lage in Guatemala, workers from the Program of' 
Nutrition and Infection of tihe Institute of Nutri
tion of Central America and Panama (INCAP) 
sought to quantify the possible nutritional benet'its 
to a community frout parasite control proglaills 
1811. 1I tis village, tile colonlization of' thle itties-
tines Of NOu~ng childrenI withi Gialrdia through early 
lif'e
had been docunented in a prospective fashion. 
Matla el l.[821 followed Ihe prevalence and hlci
deuce of infection with G,. lmhli. iii a cohort of' 
children through the first three ea-rs of life (figure 
2). Over 22% of tne children had gia rdiasis at 36 
months of age. In this recent sttidy [811 159 chil-
dren two to fie years of age were randomly assigned 
to oue of'fou. bimonthly treatments (placebo,piper-
toone oafobone, thl treames (paceb, iri-
azine alone, mletronidazole alone, aiti(l nletroni-
lazole plus piperazine); growth and parasite loads 

were f'ollowed at intervals for a year. Piperazine 
treat ment produced neil her a consistent reduction 
in the burden of ,'scari.s ntor a signif'icant, gro\wth 
effect; metronidazole therapy did reduce the prey-
alence of Giardia in the stools. Moreover, ill fihe 
two groups that received metronidazole, an aver-
age gain of 300 g inweight and I ciii in height in 
excess of' the leall for the two grotps that did not 
receive this chemoprophylaxis was recorded dur
ing the year. The diflerence was statistically signil'-
icanlt only for the increllent in height. The biologi
cal significance of such minimal di ffereinces in 

growth parameters is 1tit iniiediately evident. 
li addition, tlie predictive inaccuracy of' stool 

examination for tlie diagnosis of giardiasis illay 
have sone bearinig ol the interpretation of* these 
findings. Several recent sttdies deiionstrated that 
only 50% of'giardial inffections con firmed by duo-
denal imtubation procedures could he liagnosed 
simuIt aneously by fecal exaiinatiiins 121, 71, 83]. 
hi severely malnourished, hospitalized children in 
Costa Rica, only sevei of 38 children in whom 
Giardia were l'ouid had positive stools. The re-
maining 22 children were diagnosed only by tle 
passage of a Beal capsule oil a st ring into tile siall 
intestine [841. Thus, tle prevalence of giardiasis iii 
this populi n \va probably underrated, and the 

efficacy ofclieniolirolhylaxis in tile study by (up-
ta was probably overrated [811. 

The Irophic effect of inetron idazole therapy, 
apart from its antiprotozoal activity, cannot be ex-
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Figure 2. Incidence and prevalence of Giarda Iamblia 
infection, determined by weekly examinations, in a cohort of children studied from birth to three years of age 
in Santa Marfa Cauqu6, Guatemala. From 182], repro
duced with the permission of the American Medical 
Association. 

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

Ihe Effel f ie Nuriional St us f
 

the lhosl on Ciardiasis 

The varia ble expression of giardiasis suggests that 
biological factors niight condition the degree and 
persistence of in fection, ipaired nLtriture can 
exert both detrimental and protective effects oti 
tile host's susceptibility to inf'ection, and, there
f'ore, the nutritional statts of the host might con
stitute one of the biological dleternlinants of' the 
susceptibility to giardiasis in man. Un fortunately, 
little epidentiologic data is available to help explain 
the pattern of expression of giardiasis within pop
ulationsiat nutritional risk. Oyerinda et al. 185] in 
Lagos, Nigeria, described a peak prevalence of'ex
cretion of giardial organisms instools between the 
ages of one and five; 13.8% of boys and 14.4% of' 
girls excrete Giardia in stools. It isintriguing to 
speculate that lhe age of' highes stisceptibility to 
giardiasis in the Lagos populatioi corresponds to 
flie age of' greatest nutritional vulerability; un f'or
tuniately, however, simultaneous data oil 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 humnan host might exer-
cise on tile expression of giardial infection. An 
:i;.:Clati'cF between giardial infections and immu-
nodeficiency syndromes has been extensively doc-
umented. Iminunodeficiency syndromes in hiimans, 
primarily those resultiig in severe deficiency in the 
humoral immune system and consequent hypo-
gammaglobulinemia, are associated with intestinal 
lesions; ihe histologic picture involves both "nodu-
lar hyperplasia" and "sprIe-like" (total villous 
atrophy) lesions, and the alterations can occur 
simullaneously [67, 86]. The intestinal aspects of 
this condition have received a host of names, btt 
Ament and Rubin 1671 suggest the term "gastroin-
testinal immunodeficiency syndromes." An ima-
portant feature of lhese 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 series of immunodeficiency syn-
dromes [86-95]. Whether reduced inestinal levels 
of inmmunoglobulins predispose to giardiasis in in-
dividuals without frank iminunodeficiency svn-
drome, is a matter of controversy. Zinneman and 
Kaplan [961 found reduced levels of lNA in the in-
testinal secretions of uiselectcd patients with giar-
diasis. Jones and Brown [971 hake criticized the 
methodology used in the forner study, and, in a 
subsequent investigation, were unable to confirm 
the earlier findings. The immune defects promi-
nent in the aforcmentioned observations are pre-
dominantly hmoral, specifically involving defi-
ciencies of, inimunoglobulhl anti bodies in tile egG 
and, especially, the IgA class. That cell-medialed 
immunity is also involved in antigiardial defenses, 
however, is suggested by studies in an animal 
model. Athymic nude (n/1i/1) mice have been 
found to have more prolonged and more lethal in-

fections with G. mnuris 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 
IgA are seen in malnourished children [100, 103], 
and specific IgA production in response to viral 
vaccines is attenuated in patients with protein
energy malnutrition [104]. Conceivably, the im
mune deficiency state induced by such malnutri
tion provide- an intraintestinal milieu conducive 
to giardial infection in a manner analagous to that 
of acquired "gastrointestinal immunodeficiency 
syndrome." The result is a high incidence of giar
diasis in conjunction with protein-energy mal
nutrition. 

Decreased secretion of gastric acid and higher 
intragastric pi are also prominent features of 
protein-energy malnutrition [105, 106]. Achlorhy
dria and hypochlorhydria have been associated 
with increased risk of giardial infection. Over 54%7 
of patients with symptomatic giardiasis have re
duccd gastric acid ;ecretion [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 ii..lividuals 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 600 in children with a gastric p-I >6. The ly
pochlorhydria of malnutrition, therefore., repre
sents another potential pathophysiologic predis
position to giardiasis. 

Protein-energy malnutrition is also associated 
with bacteiial contamination of' the normally 
sterile upper small intestine [111, 112]. In the 
study by Mata et al. [11], nine of 13 subjects also 
had giardiasis. It 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 
in fction in tile Lipper gut. If we accept the luxury 
of certain assumptions about causality, three fac
tois conmon to human protein-energy malnutri
tion-iimmune deficiency, decreased gastric acid 
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secretion, and bacterial or fungal overgrowth of subjects with clinical or subclinical giardiasis isthe intestine--could all promote a more favorable totally lacking. The lack of a sensitive and nonenvironment for Giardia to infect the human host. invasive diagnostic test for accurate assessment of 
the prevalence of giardiasis in a population ofAntagonism children living in the community limils our ability 
to perform nutritional and epidemiologic studiesOur limiled knowledge of tle nutritional re- to further refine our information.


quirements o1'G. htmbliu in vivo limits speculation That tile nutriture of 
 an individual retards or 
as to what nutrilional deficiency or deficiencies in promotes tile development of' infection withthe human host might be antagonistic to [lie estab- G.lumblia is not supported by systematic epidemilishment of giardiasis. Apparently, however, unlike ologic data. Both the anecdotal information availother protozoal endoparasites, GiaWdia are not able and our own inferences suggest that a svnpredominantly intraccllular pat hogens. Th us, tie ergistic relationship between nialnutrition 
convent ional basis for nutritional protection by giardiasis is more 

atid 
likely than an antagoniktic one.malnutrition is not prc,,et. As with synergistic in- Prospective studies on maInoIrished subpopula

teractions, however, more penetrating epidenlio- tions of' children during rehabilitation fromlogic daa on the prevalence of' giardiasis in popu- protein-energy malnutrition should be Undertaken
lations with defined iinutritional states are essential to provide greater insight into the intflhence
to tile refinement of' our concepts and hypotheses host nutritional status 

of' 
on susceptibility to giardiaregarding possible ant agoilisl ic interrelationships sis. The resolution of the issue involving synergismof giardiasis and nutrition ili man. is of more than academic interest:and antagonistn 

it has implications for the determimlatiomi of'Conclusions and Reco ifmendalions cost/benefit analysis and public licalth strategy to 
reduce tile prevalence aid adverse ef'f'ccts of giar-Giardiasis is a coinnion protozoal infection, es- diaSis iti coilunitiCs. On the one hand, if' chilpecially in young children. Impairment of' mnLtri- dren with giardiasis can benefit from additionallure can occur in ihat niinority of' giardial iif'ec- nut rients fed to conpeisate for the Giurdiutions in which frank mlabsorption syndrome relatedor increase in requirements, and if, at tilespecific malabsorption of one or more iiutrnicIts same time, their improved intritional state acts todevelops. However, with the variability of' expres- enhance their resistance to giardial inl'cction, then
sion of this disease, the vast Illajority of' indiviCuals food :,;upplementation alone represents a compre

with giardiasis have subclinical infections. The 
 hensive approach to tile control of Giurdia. On tilepublic liealth aspects of he nutritional implica- other hand, if' tile evidetice t'or cither of these
lions of' giardiasis at tie j)optlalion level are of mechanisnis is uncertain, a definite role for more
greater importance. 
 I[hre, however, our in'fornma- expensive, clienoprophylactic and/or environtion is most liited. Precise data upon which to mental satitation measures is suggested. In sumbase any determination of' additional 
 nutritional mary', selective investigatiomi into tile iiutritional
requiremlents for individuals with sunbclinical giar- impact of giardiasis aimed at the formulation ofdiasis are unavailable. The present review indi- tie most logical and cost-effective pulic healthcates that giardiasis Iight contribttc to impaired strategy is still essential to the resolution of the
protein-cnergy nutriture, as suggested by tle dileimia. 
Guat emalan study 182]. 1lt fle magnit tlde of tlie 
contribution is not [Major. It is likely, moreover, 
that the presence of giard iasis illsonc individuals t'erencets 
increases Iheir requirements fo total energy, vita- 1.YarttLV, .1.it., I:lvlcss, 1. MI. (iardiasis. (Gasroenieol
min A, folic acid, and vitamin 13,2. The ability to op, 52:301 -304, 1967. 
utilize fat as a form of' dietary cne'gy might be 2. Pciciscn, If.(irdiaisis (tambliasis). Scaid. .1. (iaslroi'n
compromised in these same in lividuals; theretore, Itcrol. 14:1-44, 1972. 
complex carbolydratcs additionialas ilie source Iof Riis, P. Giardiaij: a cause of int-:iinatl malatsorltion. 
energy appear to be .I. i.Cho Ptnsiians Lond. 10:61-66, 1975.hlie
prudent recolnnineudation. 4. Raizman, R.E.(;iardiasis: an overview for the ctinician.
Informat ion ol a nutnber of' micront rients in Am. .. Dig. Dis. 21:1070-1074, 1976. 
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Discussion: Amebiasis, Giardiasis, and Malnutrition 

Amebiasis, especially with anebic abscess of tie 
liver, is a serious clini,:al problem in Mexico and 
sonic other developing countries. However, in 
most tropical countries, tile clinical disease is not 
as conmnon, even though tie overall prevalence of 

'nwntanoeh histul ,Ihicea may be as high as that 
reported for Mexico. Such observalions suggest 
the existence of strains with special virulence 
and/or with a particular epidenliologic behavior, 
since crowdilig, lrequelft contailminatiol of food 
with eloteric pathogens, and malii ht1tritioll appear 
collmon to all popIul u.tions ill w.lhich intestinal 
ariebiasis is highly prevalent, 

Immunization with antigens of 1'. histo/m'tica, a'. 
well as infectioti with this parasite, may induce 
suppression of'1"-cell-nicdiated imninie responses. 
The clinical signifticance of this phenonenon is Lti-
clear, but the observation comnplicates interprera-
lion of lie depressed iin lmUnCe function so corn-
monly observed among nialiiou rishcd inta nt s who 
persistently harbor /F.hivo/l ic'ta and olher para-
sites. What portion of imiiuniologic abnormalities 
can be credited to malnutrition and what is lie 
contribution of parasitic infection? Most iripor-
tantly, what is tile consequence for tie host and 
how can ilie defects be reversed? Unfortunately, 
previous studies have not taken into consideration 
the presence of concurrent giardiasis, shigellosis, 
or other enteric infections prevalent in tile same 
geographic area. 

Recent data concerning iron nutriture and infec-
tion may be very relevant in aniebiasis. Free iron is 
required in the hlunri of the gastrointestinal tract 
for proliferation of E. histol'wic,. However, iron 
is not readily available when inifants are breast 
fed. Consistent with this is the fact that babies 
who are exclusively breast fcd are remarkably re-
sistant to colonization and invasion by atieba, 
other parasites, and bacterial pathogens. Food 
supplementation prograris 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(/o-30% ofchildren iii 
developing countries are iniected with Giardia 
lamb/ia 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 hygiene. 
The inoculm may be a factor of major impor
tance in determining severity of the disease in 
villages. However, tile wide spectrum of clinical 
manifestations of giardiasis and the inadequacy of 
diagnostic tools make it difficult to clearly estab
lish such relationships in the field. Furthermore, 
symptoms of chronic giardiasis, such as diarrhea 
and malabsorption, cannot be separated from 
those attributed to bacterial overgrowth of the 
small intestine. 

Chronic giardiasis interferes with absorption of 
tats, carbohydrates, and vitamins; however, there 
is no evidence of loss of endogenous protein. 
Although Giardia muris has also been shown to 
iipair growth of experimental aninials, studies in 
Ilunans showing an apparent increase in height 
after prophylactic long-term therapy with netro
nidazole should be interpreted with caution since 
(his drug is effective against anaerobic bacteria 
that may be involved in the overgrowth of bacteria 
in tile bowel. It is extremely difficult to assess 
thellraeutic interventions, espcciaily under field 
conditions where so many variables interact to de
termine growth and development of children. 

Acute malnutrition may affect the outcome of 
giardiasis by inipairiing host defenses, lowering 
gastric acid secretion, altering intestinal motility, 
or impairing synthesis of secretory 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 sigiificance of isolated G. lamblia or E. his
lolylica infections iii 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. Becautse these infections are generally 
not isolated, other etiologies must be investigated 
to ensure appropriate patient selection 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 

Leonardo Mata From the Inslifuto de Investigacionesen Salhd, 
Universidad de Costa Rica, 

Ciudad Universitaria Rodrigo facio, Costa Rica 

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 tran;mission and persistence of" 
parasites. The main determinants are poverty, low educational Icvel, deficiencies in 
home technologies, high demographic density, and ruralisn. Selected interventions 
designed to improve any of these situations may fail if they are applied in an isolated 
manner. The holistic implementation of interventions has proved successful in the con
trol and prevention of parasitic inifections 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 asociety's infrastructure, can produce favorable results. 
For ,;uch an awareness-when it provokes action-can improve the overall quality of' 
Iit'e. 

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 each other and 
with the environment. The result is an enormols 
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 [I], 
humans live in a wormy world (especially in the 
tronics and subtropics), whether in relatively on-
developed or in industrialized countries. The list 
of worms that are pathogenic for humans is still 
long (table 1) and will get longer as unexpected 
parasites cross species barriers. Furthermore, new 
parasitic entities are always being discovered; the 
relatively recent additions include Capillaria 
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Atfairs, University of' Costa Rica: the Itermtional Union ol* 
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Rica, Ciudad ULnivcrsitaria Rodrigo hacio, Costa Rica. 

pihiliplpinensis [2], which causes an enteropathy 
characterized by protein loss and malabsorption, 
and Angiostrongivus costaricensisL [3], which 
causes cosinophilic 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 contaninated with feces or urine carry
ing eggs or cysts of parasites; (2) acquisition of 
cysts or eggs from another person (person-to
person traismission); or (3) exposure to vectors 
carrying infective stages or to larvae of the para
sites (e.g., cercariae) released into the environ
ment. This situation explains the multiplicity of 
infection of'ten 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 inf'ections [4]. Because the 
village is in the highlands (elevation, -,6,000 feet), 
and migration to coastal areas is negligible, 
neither hookworm nor vector-borne parasitic in

fections are prevalent. This pattern contrasts with 

tile 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, ill addition to the vector-borne in

fections, villagers in Chad and in similar ecosys
tens also bear the burden of many intestinal 
parasites. 
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Table I. Worms important in human infections. 

Ascaris /unihricoides Trichitie/la spirals--
Toxocara catts leterol)hyes heterophyes 
Lagochilascaris minor Aletagonimnns yokogawai 
Aniskis species Gasrodiscoides hominis 
Phocanema species Fasciolopsishuski 
Contracuecuin species Echinostoina revolution 
Enterohius verinicularis Fusciola hepauica, I gigantica 
Strongyloides stercoralis Clonorchs .inensis 
Alicroneina deetriv Opistorchis felineus, 
Trichostrongy/us orientalis, O. viverrini 

7. axei, T. coluhriforinis Dicrocoelum dendriticun 
T. vitrinus Paragoninus wesUtermuni. 


Oesophagostomum Spccie P. africunus, P. skrjuhini, 

Ancylostoma duodenahc, P. heterotreuus, P. nexi-

A. cunintn, A. braziliensis attnus, P. uterohihterai. 

Necator atmericants Schitosoma inunsoni, S. 

Angiostrongyrhs cantontensis, japonicutit, S. haetnatob-


A. costaricensis ium, S. interculatnum, S. 
Iltchereria bancrofti, mattheei, S. hovis', S. slpin-

W. InlaVi dale, S. rodhini 

Brugia mala.vi Taenia saginuta, T. soliton 

Lou ou ltinococcusgranulosus, E. 

Onchocerca vohulus multi/locuhris, E. oligar-

Dipetalonetinvperstans, thrus, E. vogelsi 


A,strep[oerca Aulticeps itni/iceps, A. seri-

Mansonellu ozzardi 
 ais, Al. hrauni
 
Dirofilaria intuitd, D. tenuit Ih'neno'llpsis ntnat, I. 

Dracuncli/us medinensis diminuta 

Gnathostoina spinigerttn DJipv/diulncaniim 

Trichuris trichiuru Dilhylohothriun atunt 

C.apil/ara phi/ippinesis, Spirometra mansomoides 

C. hepatica 

. .(table 

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. Event as a 
desk exercise, the Jesigning of 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 imtoitatt 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-establishcd criteria. The parasites 
listed are important, but skepticism about their 
overall public-health significance may arise (e.g., 
Chagas' disease in certain regions of the 
American continent). Also, the significance of 

Mata 

Table 2. Prevalence of intestinal parasites among three
year-old child:'o!n in a village of Guatemala. 

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

. 

0 2.4 
I 30.9 97.6 
2 23.8 66.5 
3 19.0 42.7 
4 9.5 23.7 
5 7.1 14.2 

'?6 7.1 7.1 
NOTE. Data are from [4]. 
* Values given include all intestinal parasites, four of the 

nost coinmmon being Ascarisv liunricoides (77.8%), Giardia 
lumhblia (19.1%), EnFamoeha histolytica (10.4%), and Tri
churis trichiura(3.0%). 

such highly prevalent parasites as Ascaris hubrico
ides and Entainoebahis/olyuica must be judged as a 
function of geographic location, epideniologic 
deteriniants, and Iutritiowd status. For instance, 
E. histol/ica is prevalent and causes serious 
disease in Mexico [61, but tot in Central America. 

On tile other hand, Ascaris seems important 
wvherever nalnutrition exists since it contributes to 
wastage [7]. 

Walsh and Warren [8] established priorities for 
the control of various global parasitic infections 

5). Limitations oti control are due in great 
part to sociocultural restraints in the populations
involved. Effective control measures apparently 
exist 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
lion with insecticides and anliparasitic drugs has 
induced the emergence of and resistance to chemical 
agents among vectors and parasites. 

Fhe priorities in table 5 cannot be generalized to 
all nations alike. There are well-known areas 
where control of schistosomiasis and Chagas' dis
ease is a high priority. In other regions, hook
worm and cutaneous leishmaniasis are progres
sively disappearing because of socioeconomc and 
cultural changes. Furthermore, some parasitic dis
eases have been conirolled to a significant extent 
in advanced societies (industrial nations)-and, 
more recently, in countries in transition-as a 
result of an improvementt in the quality of life. For 
instance, in Costa Rica, the incidence of cutane
ous leishmaniasis appears to be decreasing [9], 
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Table 3. Prevalence of systemic parasites in a village of 
Chad. 

No. of species Rate of Cumulative 
per person* infection (07o) prevalence (07) 

2.60 
1 	 17.6 974 
2 47.1 	 79.8 

3 210 	 3.7 
4 10.1 	 .7 
5 0.8 	 1.6 
608'tchereria 

7 0 	 0 

NOTE. Data are adapted from 151. 
* Values given include all intestinal paras;tes, with individual 

rates and sites of infection as follows: Onchocerca volvtlus 
(skin), 91.60; Pasoliut f.alciparuin and Plasnodum.. 
nalariae (blood), 43. 7 0o; Schistosoma mansoni (stool),
36.1 %lo; Dipetalnema perstan.s (blood), 28.60o; 1ou lou 
(blood), 9.27o; Schistosoma haematohium (urine), 7.60;0; and 
li'uchereria hancro/'i (blood), 5.0o. 

that of inteslinal parasitism and diarrhea has been 
significantly reduced [10, I 1],malaria is largely 
under control, and Bancroft's filariasis remains 
circumscribed to its original niche in Puerto 
Lin6n on the Atlantic coast [12, 13]. 

Once priorities are established, tile life cycles 
and transmission mechanisms of the prevalent 
parasites shotld be cxatnined to see how human 
sociocult ural characteristics favor infection. Table 
6 lists the means of iransmission of tile main 
parasitic in fections. Transmission to humans may 
be from an invertebrate (mosquito, reduviid, 

Table 4. Parasites of high prevalence in humans at a 
global ievel. 

Plasmodium falciparumn, P. vivax 
Trvpanosoina gambiense, T. rhodesiense 
Trypanosoma cruzi 

Leishmaniadonovani, L. trofica, L. brasiliensis,L. inexicanaEntainoeha histolytiw'a 

Giardia lamblia
 
Schistoomajaponicuin, '. haematohium, S. mansoni
Dractunculus ti'edinests 
Onchocerca 	volvtlus
 

hancrofti
 
Ascaris hnihricoides 

Trichuris trichiura
 
.. ncvlosomna duodenale. Necator einericanus
 
Strong vloides( stercoralis
 

snail) or a vertebrate animial host or from another 
human. The parasite unudergoes 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' each vec
ior must 	be known and taken into account as a 
f'unction 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 zoonoscs), the con
plex relationships of these hosts with humans and 
the environmenl tunst be considered. 

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

Fable 5. Priorities for intervention to control parasitic diseases in developing countries, 1980. 

Priority, disease 

High 
Malaria 
Hookworm 

Medium 
Schistosomniasis 
Onchocerciasis 

l.ow 
African trypanosoniasis 
Filariasis 

Visceral leishnianiasis 

Giardiasis 

Ascariasis 
Amebiasis 
Chagas' disease 

Cutancot, leishmauiasis 


NOTE. Data are adapted from [81. 

Prevalence 

High 
High 

High 
Medium 

Low 
High 
Low 
High 
High 
High 
Low 
Low 


Criterion 

Morbidity 

High 
High 

LOw 
High 

High 
Low 
Low 
Low 
Low 
Very low 
Very low 
Very low 

Mortality Control
 

High Effective
 
Low Effective
 

Low l)ifficult
 
Low Difficult
 

High l)ifficult 
Low )ifficult 
Low )ifficult 
Very low l)ifficult 
Very low Difficult 
Very low Difficult 
Very tow Difficult 
Very low Difficult 
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Table 6. Transmission of major parasites to itmans. 

Route ofII ransminssion, 
vector (if any) Mechanis linfe'tive form Parasite 

erlebrale-ins'erltetle-\ et'ebralte (hunian) 
Nosquito Inoculation Sporozoites PllasinodiItfl 
Mosquilo Inoculation Promastigotes Leishnania* 
Black fI Penctration third-stage larvae Onchocercu 
Mosquito I'enetration lhird-stage larvae Wuchereria 
"se Ise fl hlnoculation Metacvclic tryponmlasligoles TrylPatnovoina (African) 
Reduviid Penetration Metacyclic trlponasligoles Tr.'panosoma (Aterican)* 
('rlslacealli Ingestion Larvae Dracuciulths* 
Snail Penetration ('ercariae Schivtosolna 

Mluttan-hIiinari Penetration third-,lage larvae I lookworll 
Ingestioll Fi-irvonla ed eggs Alscaris, Trichris 
Ingest ion 'ysts Giardia, Enatnoeha 

Vertebrate-hulnan Ingestion Cy'sticerci Tai'nia sUginIafa,I.7 soiunt 
Ingestion 1:1bryonrated eggs 7. solium 

NOIU. Ihere are other lorns of itanllission, for ilistance, 
htt,11. 

* There could he lore than one vetebratle Iost. 

ment, direct person-t 0-person Iransmission appears 

to be important, for instance, with some intestinal 

prolozoa. While parasiles with invertebrate hosts 

may be more difficult to control, the behavior of 

hutnans i:n underdeveloped tropical and subtrop-

ical regions favors persistetlce and interferes with 

control and preventioti of disease caused by para-

sites that are transmitted from person to person. 


Sociocultural IFalors and 
Acquisiltion of Infection 

The fact that incidence of' several parasitic inf'ec-
tions is decreasing in certain areas [hat have iun-
proved their social and economic situalions is a 
good indication of the relevance of' human living 
standards as a determinat of' infection. This rela-
lion is well illustrated for malaria, hookworm, 
and other declining parasitic diseases in Costa 
Rica, Cuba, and Trinidad-Tobago; a dramalic cx-
ample involves file control of schislosoniasis in 
China [141. Table 7 describes factors favoring 
establishment of' infection with parasites of global 
significance. )eterminants such as povert y, lack 
of' education, and crowdi ng are central to Ile 
issue. Religious practices are anolher variable. 

For hookworm infection, ascariasis, atnebiasis, 
and other intestinal parasitic diseases, the deter-
mining behavioral factor is defecation on the 
ground near streatis -id water reservoirs, which 

inari-invcrtehrate-vertehrate-rnan, such as in Dilphvllobothrium 

favors contamination of the environment. ridis
criminate squatting results in pollution of home 
premises, foods, drinking water, and agricultural 
fields. Infcction 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 p~irasitic infections. Behavioral 
research is needed in order to understand and 
modify patterns of life that maintain transmission
[151. 

For schistosomiasis, defecation and urination 
on the ground near streams and water reservoirs 
f'avor contamination of the snail's habitat. In
fected snails eventually discharge cercariae into 
the water, and these larvae infect humans. Ablu
lion favors spread, particularly in tie low socio
economic 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
wornl inleli,im. 

With guinea worm infection, a serious disabling 
disease, fihe larvae emerge f'rom human tissues 
through broken skin blisters and fall into the 
water, where they establish themselves inside small 
crustaceans. Infcction is spread to humans who 
drink water harboring inf'ected CVclops [16]. 
Evidently, control demands community knowl
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Table 7. Sociocultural determinants of parasitic infection. 

Infection Factors* 

Hookworm Squatting, ablution; agricultural practices; lack of shoes 
Giardiasis, amebiasis, Squatting, ablution; ingestion of contamninated food, water, and soil; 

ascariasis, trichuriasis living in crowded quarters 
Schistosomiasis Squatting, ablution; agricultural practices; bathing in contaminated water 
Guinea worm Contact with or drinking of contaminated water 
Malaria, filariasis Poor housing; out door activities after dark 
Chagas' disease Poor housing; animal reservoirs in or around homes 
Sleeping sickness Working in endetmic savaina 
Onchocerciasis, leishmaniasis Dwelling and working near ecologic niches 

The main determinants of parasitic infection ttat are reflected by these relatively specific factors are poverty, low educational 
level, deficient hotne 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 for 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, ofdrug resistance in Plasmo-
dium, and of an increase in extradomiciliary 
habits of hutmans has made control more difficult 
and has set back eradication of tnalaria in many 
areas of the world. These complicating factors de-
mand both aggressive research into new ap-
proaches to control and greater utderstanding of 
the disease among the affected populations [17]. 

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

The relation of humans to cattle in tie 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 flies 
dwelling in well-defined ecological niches. Ac-
quisition depends on exposure to bites of 
Silnulium in endetnic areas and is favored by 
agricultural practices and ritralism [5]. 

In cutaneous leishmaniasis, infection is main-

tained in mamnals inhabiting the forest [20]. 
Humans acquire the disease when they clear the 
forest land or hunt or when they settle in endemic 
areas [21]. Special behaviors, such as hunting at 
night, account for the acquisition of infection only 
by adult males in certain circumstances [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 leishnaniasis anong 
Anerinds 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 people 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 (atthor's unpublished observations). 

Main Determinants of Parasitic Infection 

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

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

Poverty, crowding, and inadequate technology 
interfere with procurement of the needed alounls 
of food and exacerbate parasitic infection. Tile 
situation may be complicated by seasonality; 
negative conditions are accentuated during certain 
seasons of' tile year in many parts of the world, 
with al 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 deficiencies, the holistic (integral) approach 
is certainly the most promising 14]. 

iaternal (fiimnilial) technologv. 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 tile transmission of disease 
and the development of malnutrition than socio-
economic class or degree of schooling. Behavior 
of' mothers is of'ten related to training during their 
own childhood and adolescence. The wealth of 
maternal information has been called maternal 
technology [26]. Elements in this technology in-
elude (1) the handling and storage of water; (2) tie 
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 eating and 
sleeping; (9) proclivity to improve housing and 
environmental sanitation; and (10) pattern of 
socializing. A particular mother may store drink-
ing water in a separate earthen jar with a narrow 
mouth; this simple measure may prevent contain-
ination of tile water with pathogenic organisms. 
Such behavior is not necessarily based upon a con-
cept of causality of' disease. Most mothers in tile 
village we studied store water in , large jar, and 
such all-purpose water becomes confaminated. If 
a mother habitually hoils water, her family may be 
protected f'rom such contamination. 

Inadequate hygiene results in food contanina-
tion in the home [27]. In contrast, adequately pre-
pared (well-cooked and well-ground) mixes, 
purees, anid mashes of locally available foods are 
excellent for children during weaning and for all 

Mata 

family members during convalescence from ill
ness. Sonic mothers limit the intake of food by 
children during illness and convalescence, while 
others maintain breast-feeding at these times, thus 
diminishing deterioration of' the child's nutritional 
status. A deficiency in maternal technology in
creases tie risk of exposure to viruses, bacteria, 
and parasites and also enhances the negative ef
fects of' infextion while decreasing the host's 
capacity to cope with infection. 

Al 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. Sonic 
mothers readily accept the value of' primary health 
care, particularly vaccination, deworming, oral 
rehydration, and fImnily planning; others fail to do 
sc. Wray and Aguirre [28] advanced tile concept 
of'"maternal incompetence:" the failtre-uninten
tional or intentional-to seek medical attention 
for a child who is suffering from a condition such 
as acute diarrheal disease, dehydration, or serious 
infection. Other elements of' maternal technology 
concern habits of eating, sleeping, defecation, 
ablution, and socializing, all of' which are highly 
relevant to disease 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 densit, and ruralism. These 
two main determinants of infection may have a 
positive or negative effect, depending on the 
degree of socioeconomic development. For iii
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 
disease. A few individuals harboring parasites 
easily 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 tie less developed tropical 
countries (tables 2 and 3). However, if the level of 
education rises and personal and environmental 
hygiene improves, infections call remain circum
scribed to a few f'amilies within a given comniuni
ty, even if' crowding prevails. 

Ruralisn and population dispersion mean that 
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isolated families in forest, jungle, or desert have 
poor access (or no access) to health services, 
educational facilities, and markets [241. In 
socioculturally undevelopcd conditions, tradi-
tions, beliefs, and taboos persist, as do con-
tamination of the environment and exposure to 
ecologic niches of parasites. Infections, malnutri-
tion, and other health problems are prevalent and 
exert their maximal effect under such conditions. 
However, if significant sociocultural development 
is attained-as seems to be the case in Trinidad-
Tobago, Taiwan, Puerto Rico, and Costa Rica-
ruralism and dispersion of the rural population 
may become an asset. First, 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 
(familial) technology, entrenchment of cerlain 
parasites, such as hook worm, becomes difficult. 
In fact, intestinal parasitism in rural Costa Rica 
now appears to exist only in families with the 
lowest level of sociocultural development 
(author's unpublished observations). Further-
more, our observations on the Amerindian 
Guaymi, who live in marked isolation and dispcr- 
sion, reveal a lower incidence of intestinal infec-
tion than in crowded urban neighborhoods that 
are more advanced economically. In 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 

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 seriously debilitating diseases is at
ta;ued through an improvement of sanitation, 
housing, and education- that is, the quality of life 
135, 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 reasonable means of improv
ing the quality of life. Unfortunately, the cost and 
effort of such an approach may be staggering in 
tnany developing nations. Thus, the holistic ap
proach demands political decisions. These deci
sions may 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: (1)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 
disease by oral rehydration and proper alimenta
tion during illness and convalescence; (3) preven
tion of diarrheal disease 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. 

Research 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 ordcr [371; 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 researchers in biomedi-
cine, social sciences, and planning prestu mably will 
yield 	better restllts tlh an have been obtained so Ir. 

Aext step is the definition of priorities for inter-
vention illeach nalion and in) tle various ecosys-

nims within each country. Finally, research should 
f'ocus oI etnlic, cultural, and behavioral flactors 
tdi 	delerinine infeclioll, malnutrition, and under-

de2velopmlentl ile COllilllIIlil,. The. .,sessillel or 
priorities for research most be an ongoing exc'-
cise, while atmilpts ll collllof and preventioll 
through the application of' existing knowledge 
should continue. Also, eftorls should take into ac-
count ost-bellel'it anla.lyses Ir ilmlprovementll 


health-care delivery services. 

Ali 	underslandiig of tfhe Colelxity of* tile 
det ermintnts of' parasitic inlfectionl should st ime-
late 	governmnc ;sto tdlertake the application of' 
lie holistic approach. The iportance of' Coll, 

sidering several intcrrclaled olcisures instead of 
isolaled sleps has been poinled ol illmany ini-
vey'"ations and is clea-r f'rolm d;ay-lo-day eXpel'i-
enct.. The decision to tackle tile holistic approach 
shotld be backed by political coinmiicnn, isitu-

ation that is incoinlpalible with government policy 
(or lack of' policy) in many less-developed coon-
tries. No efforltos I ioplement t lie holistic ap-
p r'oachI shoulId be neglctcd by politicalls and 
scientists since tile alterralivcs will lead only to 

inmore disease, iaInlnurition, and sulf'f'ering, as was 
predicted and observed in Central America [4]. 
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Biological Implications of Polyparasitisni 

(;crald T. Keiiscl :lliPa nlta Miglicil Frou flitaw I)ivision ofI'(;'co, phic M,!e'dicine. 
7 ,1y-New EnoindAldicul (( 'ntr, floson, Ah. uwchulS(,l.u; 

u11d Ihe Depurui'lilof iTropicu Nutlrilion (101 Io Od .S(h',,'.a 
Aflidol U/nivlrii ,,I/agkok, Tihailnd 

Polyparasitisin appears lo be (le rule, rather thail the exception, both in populations
aniid in individuals inthe developing countries of the world. Thus,polyparasitisil reprc
sents coendemicity in tie epidelniologic sense and simultaneous int'eioln, i inldividual 
patients in Ihe clirnicalsense. 'Tile elffect .of' polyparasilisll are otII clinically inllpl
enti. In sol e sitUations, however, Oii ibin ccdill fl.ionsill ay exacerbate clinical in anifes
lalions. Coexistent infcciio, niav1 also, illc~cr sonmelnt cuilnistaites, suippress disease 
syilnplotis. Tthe possibility of cithcr sylnergistic or 1111anlonSlii2 cf.l lsl11HSt theref'ore be 
consklerecd inplanning public-hcalthilltervetiion prograns, and the priorilies or strate
gies selectcd inavy ced o he altered accodiiigly. There aret'm availaIle clata at present 
that are suitabl fIor esalinit;on of lie real coiseqtnldces of' polyparasilisln, in palrl
because of lie iany coifou ding vaiiables involved and lhe lack o lprospcclive SLtdics. 
Th'ereftore, ftlIrc inllleryetioin progran It Iould nbe nco lnpaiinicd by cpideiniiologic 
resCarcli c01io(IICiin dc!igluld t) dotect clinical or laboratory clingcs in parasitic and 
other iifcclions or in hos rcspotlnses. 

An axioln f ilodtrn tnedicine in lhe industrial- with an especially high prevalence ii; rural areas,
ized nlitios is that r;atienl s, especially tlie young, lhe actual extent of' polyparasitisii isunknown. 
have one discase or in feclion at a lime. The major Therefore, ils palhologic conisequences are unas
conllinoni _xceplioll to the coicept of single ageiit 
 scssed. This lack of iiiforniaion is particularly

in fection is tle polyiiiicrobinl, mixed :inaerobic- niarkcd for infcclions 
 tlhait do not present

aerobic bactcrial process resuting fi o1 
 lesions oil drailatic or patihogitoinoilic signs or that are cliii
inticosal sirl'aces 
 hearing [lie nornmal bacterial cally itnapparIent , stuci as 'I niiibe of int e.inal 
flora, e.g., iitraabdoliinal sepsis followilg per- Ielhniithic iifections.
 
foralion of the bowel. II contrast, the appropriate The dtala collected by Buck et al. in Chad, Peru,

axiom t'or lli developing nalions of tile world is 
 and A fghanistan suggest that lie distribulion of 
that iiitiltiplc', silittllanieol s iniecliolls are the rule, multiple infections in a population and tile iden
rather than tlie rare exception. Recently, Buck el tity of the organisnis involved are not parts of'a 
al. [1-41 analy/ed the epicdeitiologic and clinical randoin process, bitl are variables governed by lili
implicalions of tihe coexistelice of niilthiple parasitic kiiown selective host factors and ecologic consid
diseases in i population or il i'ida pal erations,palielt. includiiig tie biological interactions of 
Polyparasilisin represeli scocncleinicitv inthe epi- the organisms within the host [2]. These interac
dnciiologic Selise; ill the clinical sense, it signifies lions may result iniworsening of*clinical nanifes
siinultaneous iiftectionis ill single patieniits (includ- tations, as in the increased hepatosnleionliegaly in 
ing infections with niore Ihan one species of Ihe coibined rnalaria-Schisosoma in )'i in fection 
saie organisni, as iin iii illtiple tiialarias or [41. The prognostic signi ficaiiceo! ' situation is 
filarias). Unknown. 

It has also been siggested that the interaction 
Erffecls of PolYpar silisin between parasites may be antagonistic and thus 

may actually protect lie multiply iinfetled host.
While ihe majoritlv of tile populat ions of develop- This is ile thesis of a recenl paper by Murray et al. 
ing nations llay have iiiltiple parasilic iuectiois, [I 5] in which tile at hors propose that "suppres-


Sion of one il'ection by anohe.r. . a y represent
 
Please adde.ys, 
 IcltSKlsfor repmins to Dr. icrald T.Keiselh, aiiI ecological balance for opl liitiiiii co-suctrvival of

Division of (icograpthic Nc.Chilie, I tis University School o lie host and the two pathogenic organisins." InMedicine, i 36 i-larrisonAvenue, thoston, Massachusetts )2111. 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 
II had a heavy infection (>50,000 eggs/g of feces), 
and groups IIl and IV had a light infection (<5,000 
eggs/g of feces). Groups I and III were treated 
with piperazine, while groups II and IV received 
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 
PlasInodium at the outset, although malaria was 
prevalent on the island. A 51% attack rate of ma-
laria was documented in group I within two weeks 
after piperazine treatment, whereas there were no 
c.ses in the placebo-treated group II subjects. Only 
three episodes of' malaria occurred in the 40 sub-
jects who had light ascaris infection (groups Ill 
and IV). The extraordinarily high malarial attack 
rate in group I 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 Plasmodium, 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; e.g., A. lumbricoides may 
deprive Plasmodiutm 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, ir-
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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. 

Eff'ees 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 parasitic 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 duoclenale (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 Alscaris lumbricoides infection on the incidence of malarial attacks.
 

Group (n) Level of ascaris infection Therapy Mean weight of' worms expelled (g) Malarial attack rate (I)
 

1 (37) Heavy 
II (35) Heavy 
III (23) Light 
IV (17) Light 

NOTE. Data are adapted from [51. 

Piperazine 274 51.3 
Placebo 9 0 
Piperazine 20 4.3 
Placebo 0 11.8 
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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 
I (5) 28.2 
2 (27) 26.8 
3 (27) 25.7 
4(l) 24.0 

NOTE. Data are adapted from [61. 

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

Systemic I'ffects 

Blom et al. [9] have recently reported on tile rela-
ion between multiple in fect ions (involving 

A. duo(d'nalc', A. Ilulnricoides, and Trichuris fifi-
chiura) and tile level of acutc-phase protein reac-
tants in serum. Increases in a-l-acid glycoprotein,
-l-altilrypsin, and] certloplasniin were founld ill 

multiply infected individuals; these increases sug-
gested in associated inflamnatory reaction in the 
polyparasitized host. The functional significance 
and metabolic cost of these changes ill serum pro-
teins inl the multiply infected host are unknown. 

Future Studies 

Polyparasitisn is common in developing countries. 
The consequences of this reality must be considered 
in tile future in atl ecologic sense, for tile 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 tile large number of confounding 
variables to be assessed. There is a great need for 
prospective studies to address these issues. Re-
vant data may emerge from fituLir'e vertical-inter-
vention programs, such as nass treatment of' hel-

minthic infections, but this Will happen only if 

such programs are accompanied by al epidemio-
logic research component designed to detect clini-
cal and laboratory changes in olher parasitic 

Measurement (mean value) 

Height (cm) Hemoglobin (% standard) 

133.3 74.0 
132.4 59.3 
129.0 51.7 
125.3 53.2 
126.0 45.0 

agents or in host responses. As these relations may 
be important conditioning events 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 prereqisite to ensure that, in our attempts to 
improve health, we do no harm. 

Referenes 

I. Buck, A. A., Anderson, R. I., MacRae, A. A. Ipiderniology 
fofpolyparasilisn. I. Occurrence, frequency and distribu

lion of mltiple infections in rural conirnitnities inChad, 
Peru, Afghanistan, and Zaire. Tropenned. Parasitol. 
29:61-70, 1978. 

2. Buck. A. A., Anderson, R. I., MacRae, A. A. I-pidcniiologyof' polyparasitisum. I1.Types of cornbinations, relative 
freuCency and associations of inulliplC inflections. 
lropenCed. Parasitol. 29:137-144, 1978. 

3. lBuck, A. A., Anderson, R. I., MacRae, A. A. -pidmaiology 
of polyparasitism. Ill. Iffccts on the diagnostic capacity 
of15iinm98nological tests. Tropennied. Parasitol. 29:145
155, 1978. 

4. Buck. A. A., Anderson, R. I., MacRae, A. A. piFitemiiology 
of polyparas iti sin. IV. Corlhi ned effects on t le state of 
hcalth . TropennICd. Parasitol. 29:253- 268, 1978. 

5. Murray, I., Murray, A., Murray, M., Murray, C.The bio
logical suppression of malaria: an ecological and nutlri
lional interrelationship of a host and two parasites. Am..I. Clin. Nuir. 31:1363-1366, 1978. 

6. Abd-el-Aal, A. W. A., Kamel, II., Diswany, K., Zikr-Alla, 
N. Assay of effect of'single and mltiple parasitic infesla
tion on somatic gro'th and blood hnlioglobin. .1. igypt. 
Mcd. Assoc. 53:368-374, 1970. 

7. Mala, I.l.I. The children of Santa Maria Cautqlu: a 
prospective field study of hcalth and growth. [he M.I.T.Press, Cambridge, Mass., 1978. 395 p. 

8. Mala, I.. I., Krommal, R. A., Urrutia, I. 1.,Garcia, I. Ef
ecl of infect ion on food intake and thc utritional state: 

perspeclive as viewed from the village. xim. I. Clin. Nutr. 
3(1:1215-1227, 1977. 

9. Illoi, M., Irag,1. I., Norrcdai, K. a-I -acid glycopro
tein,a-l-antitrypsin, and ccruloplasinim in hunial intes
linal helninthiasis. Am. .1.Trop. Med. Ilyg. 28:76-83, 

1979. 



REVIEWS 01 INIE("HOS DISEASES • VOl. 4. NO. 4 * JI.Y-ALJ(iUST 1182 
© 1982 by The Univcrsity ol Chicago. All rights resoed. 0162 -0886/82/(404-(X)2602.(X) 

Interactions of Parasitic Diseases and Nuirition: 

Some Policy Implications 

James M. Pines Froim t/, New TransCeniur' Founda ion, Washington, D.C. 

The scientist's concern For precision in tile 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 f'rom the interaction of parasitic diseases and nutrition illustrate the 
limited but critical role of research findings in the determination of policies and related 
recommendations for action. 

An exploration of the policy implications of the 
relationships between parasitic diseases and nutri-
tion, including those for both choosing appropriate 
action and directing applied research, indicates a 
need for a shift in approach by research 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-
elitists resist the generaliiitions accepted by advo-
cates of alternative policies or by those who decide 
among them. The policymaker seeks "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 fan-
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 research is to affect 
policy decisions. 

The use of research information to influence 
policy also requires an awareness of policy con-
straints. Remedies that appear obvious to the re-
searcher may be irrelevant 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 Coluibia Road NW, 
Washington, D.C. 2000)9. 

or cultural barriers, or because of other consider
ations. Medically oriented researchers, accustomed 
to a treatment approach, often have difficulty 
adapting to considerations of cost vs. benefits that 
are essential 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 seem 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 
easily 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 quite a small part, of a process very 
different from the wore orderly paradigms that 
govern science. 

Some modest conclusions emerge from review 
of the interactions between parasitic diseases and 
nutrition. But the failure of researchers, in collab

oration with policy analysts, to identify those con
clusions of sufficient validity and importance to 
affect decisions makes initial generalizations 
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broad and tentative. Such generalizations provide 
only a framework for future research 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 intakc, 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 tile relationships between parasitic dis-
eases and nutrition may support a policy of toler-
ance to parasite loads in sonic 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 dieasc, for example, forces attention 
to tihe parasite and its consequences, for nutrition-
al as well as other health reasons. The impact of 
parasitic diseases on nulritiona! 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
erties of tile causative agents in schistosomiasis, 
for example, 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 
grups. 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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The Treatment and Control of Parasitic Diseases 

Philip Davis Marsden Frot the Ntih'lo de AMedicinu Tropical e Nutrip'lo, 

Universidade de Brasdlia, Braslia, Brazil 

In nany parts of the world, transmission of malaria due to Ihlsmodiunfalciarun 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 [he 
possibility of developing a vaccine offer some hope for control of falciparum malaria. 
The fact that the spread of many parasitic diseases ispromoted by contaninated water 
supplies resulting from inadequate waste disposal raises important questions about the 
relevance of current research. The control of some endemic infections, like Chagas' dis
ease, would be better served bv delivery of available technology than by inproved 
science education. Discovery of leans to promote self-help programs in rural commit
nities will be a1 implortant aspect of' research in disease control in tie futut re. 

Many methods for treatment and control of para-
sitic disease have been developed by nctubers of a 
captive scientific conmmunity working for corn-
iercial organizations. One such tmetmber is Nobel 
prize winner 13.11. Iiller, who isnotedl for synthe-
sizing chlorophcnothanc ()DIT) and discovering 
its insecticidal properties. Implementation of new, 
adequately tested control measures isa 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 
in fluence political decisions that pharnmaceutical 
companies attd governments make. 

This overview will focus on control and treat-
nent of parasitic disease in endetnic areas. In non-
endemic areas it is usually simply a question of 
treatment of tile individual patient. Physicians in 
nonendetnic areas who are interested in parasitic 
disease always have difficulty finding patients and 
often do their reseatch in aninal 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 
countries. 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. 

iarsden, Nuictco (Ie Ntedicita trpic:it c Nutri'o. aiildaide 

de Ci iici:Is la S.1itc, Univcrsiidadc det Brailia, 80(,000 

Irasilia, t)isrictio Icdceral, Braii. 

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, out it is easy 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 (1) a 
growing number of vectors genetically resistant to 
commonly used insecticides (e.g., Anopheles albi
manus in Central America); (2) exophilic and exo
phagic behavioral 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). 

One 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 Anophelces garbiae complex 
of' anophelines as vectors and to their capacity for 
development of resistance to residual insecticides. 
It must be firtnly stated that in some areas of the 
tropics the "silent spring" philosophy inrelation to 
the use of residual insecticides that contain chlori
nated hydrocarbons is unacceptable. The benefits 
that accrue from spraying with these compoutnds 
far outweigh the risk of' enviroinental pollution. 

Many countries can afford no insecticides other 
than the organochlorines, in spite of their persis
tence in tile environment. In contrast to A. gain
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biae in Africa, no DDT resistance has been ob-
served in Anopleles darlingi,a ,pecies responsible 
for >80% of the transmission of nialaria in Brazil. 
Why this is so after >20 years of liberal use of 
DDT is a question worthy of investigation. 

Resurgence of falciparum malaria in tl, 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-
erature from Africa. I have attended patients with 
acute malaria for many years, and Ihave yet to see 
anyone die of acute infection due to PIus1nodiuIn 
vivax, Plsmnoditn ovah,, or Plslnoduiun ,alar
iae; however, I am still watching people (lie of fal-
ciparul malaria. 

The drugs available for treatment of acute falci-
parum malaria due to chloroquine-resistant orga-
nisms are sulfonanmide-pyremethamine formula-
tions, quinine, and nefloctuine [2]. Good evidcnce 
for resistance of Plasnoditum filciparun in 
human infections to the first two of these drugs al-
ready exists, and resistance to niefloquine is sus-
pected. After all, it is but another quinoline. Qing-
hao (Aremisia annua), a Chinese herb, has been 
used for 1,000 years in China for treatment of ia-
laria. Its active ingredient, Qinghaosu, is highly 
effective against resistant P. falciparuln. It is an 
entirely new compound and therel'ore could hold 
great promise [3]. Pharmaceutical 'companies 
must be screening any new compound for the 
treatment of prolozoal disease for antimalarial ac-
tivity, since any new type (If drug effective against 
P. fak'iparu/n is likely to have a bright future. 

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

Nevertheless, in view of the threat of uncontrol-
lable epidemics of falciparum malaria, research oi 
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 use of gene cloning and recombi-
nant DNA techniclues. Whether the same protec-
tive proteins occur constantly in P. .flcil)arunm 
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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 early 
to say if such a vaccine will ever reach the stage of 
trials in humans [5]. Still, it is heartening to clini
cians to see the forces being assembled once again 
for the fight against what Shortt once described as 
"nan'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 anima!s. 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 these parasitic diseases is funda
mental. 

Schistosomiusis 

The direct link to irrigation and agricultural devel
opment and the vague calculation of the hundreds 
of millions of people with schistosomiasis served 
to provide research funding for this problem in the 
1970s. Although the number of infected people is 
large, the number with disease (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 easy to measure 
morbidity, although in a recent study the dimin
ished productivity of' sugarcane cutters with hepa
tosplenic Schistosoina mansoni has been clearly 
demonstrated 16]. However, children with ad
vanced portal hypertension due to S. /nansoni are 
seen in our ward in Brazil, and this complication is 
more common in areas vhere Schislosomnajaponi
culm is endemic. Probably Schistosonma haemato
hium 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 prefe-rential 
locations of adult worms and their movements in 
the portal sytem need investigation. 

An enormous amount of information about the 
immunology 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 field 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 area requires clarification. 

Ironically, as was previously mentioned, drug 
companies have provided the major advance in 
terms of specific therap . iuck was important in 
tle dcvclopnient of the LucanI honc-hycant hone-
oxaniniqutic sequence. Today effective drug ther-
apy is available for all three types of human schis-
tosomiasis; single-dose oral therapy is often used. 
Fortutnately, trivalent antinmonial tircal:ncit (al-
ways a great worry to any clinician) is bc'oming 
history. Why, for example, mctrifonate is cffcC-
tive only against S. haWmatobijUi) and oxamni-
quine cures S. inanlllsonliinfection is not clear nor is 
Ohe precise mechanism of action known. Prazi-
quantel is the first single-dose treatnient effective 
against all three species of schistosome [8]. One 
hopes that this drug can be manufactured cheaply, 
as oxamiquine was costing Brazil four dollars per 
dose a.t one time. 

The control of schistosomiasis has been recently 
rcvicwcd [91. The failure of mioluscacides to per-
manently eradicate snails is notable, and research 
on destruction of snails dcscrvcs to be stepped up. 
The policy for the control of schislosomiasis will 
vary vith the species involved and with local con-
ditions, but drug therapy will be important. It 
has been shown that great reductcion of S. mnansoni 
disease call be achieved ina community by admin-
istration of four or fewer doses of oxaniniquine to 
each patient, but even up to eight separate treat-
ments given patients demonstrating persistent ini-
fection fail to reduce the prevaleince to <3.2% 18]. 
In S. mnansoni infections the concept of targeted 
mass treatment is attractive. That is, ill an a ffected 
coinility (and illMany Braiiliati communities 
the infection affcts niearly 100o of tlie popula-
tion), persons from age groups iii which worm 
burdens are heavy tiust be treated. If left un-

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. inansoni is endemic is 
expensive and only temporarily effective. Ap
parently there is no way of stopping the spread of 
schistosomiasis in central Brazil, and cases of this 
parasitic disease have now been recorded in the 
Federal District. 

Metrifonate has proved effective in the large
scale chemotherapy of S. haelnatobium 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 tran;mission in small bodies of water 
that can be adequately treated. 

Views on control of S..japonicum still rely 
heavily on incomplete information from mainland 
China [101. Elimination of animal reservoirs (e.g., 
dogs) is logical, and the amphibious nature of the 
snail apparently allows itto 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 disease. 

hOkworm 
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 often 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 iesult of an interplay of 
three factors: worm load, duration of infection, 
and body iron reserves [1I1]. Hypoalbuninemia is 
another feature of' hookworm disease [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 comtrol of hookworm in the 
southern United States inthe absence of effective 
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drugs shows how much can be achieved by im-
proving sanitation facilities and by the wearing of 
shoes. The cheap plastic sandal has probably had 
a great effect on decreasing hookworm transinis-
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 areas should be the patient with signif'i-
cant anemia due to hookworm. If such a pat ient is 
given oral iron and an effeclive vermi fuge ano his 
defecation site is periodically changed, what ar, 
[he chances of' his returning with an equivalent d-
gree of' anemia within, for example, two years'? 
This seems to be a question wortli answering, par-
ticularly for subsistence farmers who f'reqtuentIly 
fall into this category. It is noteworthy that in cer-
tain areas of rural Brazil two types of' rum are 
available: clear pinga and a rum that turns red 
when the earth at the bottom of the bottle, which 
contains iron, is agitated. This seC.nd drink is said 
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 seems impossible because 
infective eggs can exist in the environment for long 
periods. More research on the persistence of infcc-
tive l'orms 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 th risk of' 
obstruction of' the intestinc or of' tile bile ducts. 
Research into control should concentrate on this 
high-risk age group. Mass treatment in schools 
with one of the several effeclive drugs available 
only temporarily reduces infection in an environ-
mclt polluted by embryonated eggs [131. 

Stool examinations, while simple, are expen-
sive, and I agree with Latharn 114] [hat a rapid 
method is needed to detect heavy worm burdens in 
children. An abdominal distension index might be 
feasible, but factors of lumbar lordosis, endemic 
malaria, high-rcsiduc diets, etc., need to be care-
fully assessed. A history oi passing worms in the 
stool is unreliable since the benefits of a vermifuge 
and the psychological satisf'action of passing such 
a worm are f'actors that interfere with accurate 
reporting. Nevertheless, regular vermiffuges to-

Marsden
 

Ltcther with health education appear to be the 
short-term hopes for controlling morbidity and 
mortality in children. Research projects will need 
to define carefully the reinfection risk and :o cs
tablish the most effective economic way to use the 
new anthelmintic agents. 

Amebiasis ,nd (;iardiasis 
Amebiasis and giardiasis are waterborne infec
lions, although inlfective cysts can be ingested in 
raw foods. Where piped water exists, it must be 
protected frnom fecal contamination. Treatment o!" 
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",:h a problem in 
countries such as Mexico, parts of' Arica (includ
ing South Africa), India, and Thailand is still not 
clear. While it could depend on parasite virulence 
alone, in Some situations tie explanation is likely 
to be complex and involves factors such as host 
immunity and nutrition. Why only a fraction of 

Giardia laImblia infections are symptomatic is 
also a puzzle. After all, what governs population 
dynamics of' G. lamblia in the small intestine? 
Why is it often the first protozoan to appear in the 
feces of weanling children [161? 

The discovery of' metronidazole has revolu
tionized the treatment of symptomatic disease
 
caused by microaerophilic 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 
[171, has just been licensed in tile United States. In 
endemic areas where 10%-3 0 % of people have 
asyliptolati, infections, individual treatment of' 
cyst passers seems fruitless, because reinfection is 
inevitable in the absence of' sanitation. A physi
cian has more important things to do in such 
communities. The concept of commensalism for 
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Entainoeba histolytica 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-
:lividual index case requires clarification, 

Strongyloidiasis 

While realizing that not all parasitic diseases of 

humans can be discussed, it is vorthwhile to men-

tion a few infections of importance other than 
ediscussed at this myear

those discussed at meeting. 
Strongloides stercoralis is a rarer itstaial 

nematode than hookworm, alhough traiis-it is 
mitted similarly. Also, it shares with Trichris tr-
chitra an unexplained focal distribution in many 
endemic areas. It deserves mention because, in our 
ward in Brasilia for instance, it is a common cause 
of adult malnutrition complicated by hypoalbu-
minemia due to a protein-losing enteropathy [18]. 
Many interesting problems could be investigated 
by return to the experimlental models developed by 

Faust in the 1930s. For instance, what is responsi-
ble for the buildup of' infctionl to produce thle 
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 oil its 
poor absorption, or is there another explanation? 

Trypanosomiasis, Leishmraniasis, and Filariasis 

This discussion started with a consideration of two 
of the parasitic diseases 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 least one plane leaves 
Sio Paulo, Brazil, for Lagos, Nigeria, with a 
cargo of fresh meat. Control of flies 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, 

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 diseases 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 arofermteHwvrimybecaprn 
the long run to act now, for children infected this 

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 
tile 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 disease 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 inea
suring such effects? I have recently seen many 

patients with malnutrition due to restricted food 
intake that resulted from severe oropharyngeal
itk htrsle rmsvr rpayga
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 Dipetalonema 
perstans and AMansonella 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? 

Looking at endemic parasitic disease from the 
point of view expressed here demands that the 
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clinical worker i1 cling to bedside medicine but 
that lie understand file hu atn problem of a para-
sitic iftion ill tIll alfected area. ['hi', is the phi-

losophy adopted by many institutions including 
the Nuicleo de Medicina Tropical of the University 
of Brasilia. Experience in such a unit inevitably 
leads to fihe pragmatic approach to Irealment and 
control expressed here1. The rerc h priorily 

should be the cure of luman disease (not ncces-
sarily intfection) in lie individual and the comii-
I11tl lily by tlile m1ost teasiblcImeain ls. E3radicatIion is 
a word rarely used loday when liscussing htuman 
parasitic ini ftetlioni',. 
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Nutritional Requirements in Parasitic Diseases 

Doris lowes Calloway From he Deparlnw of Nutriioal Sciences, 
Universio' of (Cul'fornia, Berkelh.v, California 

"Nutritional requirements" means different things in different contexts. Generally, the 
termi refers to national or internalional standards or allowances of nutrients. Conceirn 
here involves the potential need tor a change of standards where conditions of disease 
prevail, because disease increases the nutritional requ irements of' most individuals. 
"Nulrilional requiremenls" may also be viewed in terms of food supplies. Analysis of a 
number of studies indicates (hat the average giowt't I icit due to CIIdcn~iic iffectioul; 
diseases in early life i!,<20 kcal per day (calculatcd as 5kcal/g of tissue). Iucreased weight 
gain Following trealnient of' iitestillal parasiles such as Aworis !nricoidev or Ghurdlia 
/mhlia provides Siitmilar cs itMates, as does lIeaSUreilient of energy aind proeii absorp
tion. These vahlics arc withi n no rlla \variantt ce estinates. Sick children do not eat well 
and apparently do inot cat enoiughIi on heaIthy davs to correct for Ile accru ed food 
delicit. Research ,iit tritional requirements of children ni'eds to focis oil management 
of food resources in entire families. 

The term "nutritional requirements" tucans differ-
ent things in different contexts. Sonietinies we 
speak of' t le tintt ioiial requirements of an indi-
vidual, but these, in fact, are never known. (;ener-
ally, "nutritional requirements" refers to national 
or international standards or allowances of nutri-
cuts specilied for groups of people by expert coin-
mittees. There exists a potential need to change 
nutritional requirements because of disease condi-
lions ill a giveti setting, i.e, a need to increase the 
allOUntS of nutrients recotiiended because tile 
prevaleit conditions increase tile nutritional re-
quireeneits of' most individMials. "Nutritional re-
(luirements" may also be \viewed in ternis of the 
food supplies necessary to meet tle nutrieit needs 
of a comniutnity or other group under prevailing 
distribution patterns. 

I have attenipled to establish tile energy cost of 
patasitic disease based on tile data presented to us 
here and the concejits emerging from our delibera-
tions. If' there is a quianti fiable elergy cost, then 
tile total need f'or food is increased, and probably 
lie need for protein and tle nturients involved in 

metabolism and tissue restoration is likewise in-
creased. The requirement for a single micronutri-
ent is rarely aflected by inl'eclions diseases to a 
greater extetit than thlt Im other nutrienlts. 'Fie 
except ion occurs where blood loss is t lie dominanl 

'tcase addli e., mqum~i,, ror i ep~i its to t)r. D~oris I 
(alo%,ay, 200 ('alifonia Ihal, University of (' ,lit'orliia, 

Iltirkele., ('aliforia 94720. 

leature and iron sufficiency is seriously affected, 
as in hookworm. 

In this discussion, tile estitnations of energy cost 
are based oil assunIptions of' tile energy value of 
body tissue, normal energy requirements, and 
body weights [11. The first, the energy value of 
tissue lost or gained, is taken to be 5 kcal (21 
k.l)/g. The energy requirement during the first 
year of' lif'e i,.accepted as 112 kcal/kg per day, and 
during thie second year, 103 kcal/kg per day. Stan
dard body weights used are 3.3 kg at birth, 7 kg at 
six months, I1 kg at 18 months, and 14 kg at three 
years. 

In the report of' his longitudinal study of Gain
bian children, Marsden [2] presented the weight 
curve of one represeitative child who had suffered 
five attacks of clinically signif'icant malaria during 
the period f'rom birth to 20 rotllhs of age (figure 
I). The child gained weight during 47 weeks, lost 
weight durirg 16 weeks, and maintained essential
ly constant weight during 25 weeks. Average 
weight loss, read f'rotn the graph, was "-11-13 g 
per day during periods of veight loss. This loss of' 
tissue is equivalent to about 60 kcal per day or 
6,720 kcal over the 16 weeks of' loss. The restot .
lion of' this def'icit would have required only an ad
ditional 90-100 kcal per week f'or tile remaining 72 
weeks, or about 15 kcal/day, which is less than 
2/o of the expected normal energy requirement. 

This figure is of no practical value in setting stan
dards because th1e coefficient of' variation in 

energy requirements is - 15(1/o [1]. 
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Other studies yielded similar estimates. Cole increased weight gain by 400 g per year as corn
and Parkin [31 reported the prevalence of malaria pared to treatment with placebo; the effect ofin two ways: in The Gambia. malaria was present treatment in children without infection was 240 g1.0% of the time, or nine days ii, 30 months; in per year. The total effect of treatment in the in-Uganda. :hildren experienced an , ,age of 5.8 fected group was worth -5-6 kcal per day, ofmalarial attacks in 30 months. N ,m's reprc- which '-2-3 kcil per day could bc ascribed to supsentative Gambian patient (figure .ad Five epi- pression of the parasite per sc.
sodces in 88 weeks. Since the usual event lasts Brown et al. 16] measured the absorption ofabout tour days, malaria might be causing nutri- nutrients by five- to seven-year-old Bangladeshi

tional drain among African children during -20 
 children before and after treatment for ascariasis.
days between the ages of six ionths and three The ican weight of eight heavily infected children 
years. The effect of nalaria on weight gain was was 14.34 kg. I calculated their mean intake, a diet
calculated to be -- 779 g per month in The Gambia of rice and vegetables to be 1,434 kcal with 20.2 g[31; accordingly, 20 days of malaria would diminish of protein per day. These figures and the reported
weight gain by 522 g. The eneigy value of the de- percentages of nutrient absorption indicate that
ficit, 2,610() kcal, is 130 kcal per day during the at-
 the net saving due to treatment was 17 kcal pertack, but only 3 kcal per day across he 39 nonths. day, of which 7 kcal was protein (1.76 g) and 8This deficit is < V2% of the expected requirement. kcal was fat (0.9 g). Significantly improved ab-

Coinparing a control grotip of clildrCn infected sorption could not be demonstrated in the lightlywith Alscuris Ihttnhricoid(.\ with a group of infected children, but the measured difference in
dcewormed children, Stephenson cl al. [41 reported absorption was about 7 kcal per day. These rigures
a difference in wveight gain of 200 g over 14 weeks, are consistent with the obs',rved small weight gainsThe difference of 2 g per day aiounts to 10 kcal due to treatment, which are cited above [4, 51. 
per day, or < I ( of a child's nornal rcquireluei , Another point emerges front exanination of ileIn another study of children infected with Ai. b/1- data of Brown et al. [6]. The diet derived 5.6% ofhicoihes [5], treatimen \'ith levainisole (I.-( )- energy from protein, but the fecal saving was2 ,3,5,6-teltrahydro-6-1phenylhiidazo[2, h-bilthiazole), disproportionately high in protein, accounting for 
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41% of the energy saved. There was also improved 
retention of protein with the treatmcnt 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 tissue. This tissue would then be 
about twice as high in protein content as is usual 
lean body tissue [I]. 

We have two papers with quantitative findings 
relating to giardiasis. During episodes of' infection 
with Giardia lamblia in Ganl ia [3], decrement in 
weight gain was 171 g per month. However, be-
cause of relatively low prevalence, the mean 
monthly deficit was 7 g. The energy cost is 1-2 
kcal per day over 30 months. Kay et al. [7] present 
only weight gain after treatment of the 24 most 
seriously affected chiliren. Actual gains are corn-
pared with gains expected according to the child's 
rrevious growth projection. For 15 children below 
three years of age, the observed gain exceeded that 
expected by an average of 8g per day over an aver-
age period of' 3'/2 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 severe giardiasis. 

Our papers on schisiosomiasis include only one 
that is relevant to th;s 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. 
Chemotherapy for schistosoniasis was instituted 
for both groups during the last :;ix months. Before 
the study began, the first group was about 3 cm 
taller and 2 kg heavier than the second, and while 
biochemical indicators of nutrition wcrc urIacccp-
table in a large proportion of each group, the con-
victs were in a noticeably poorer nutritional state. 
The food SUp)plement was prodigious; energy in-
take was raised fron 2,000 to 4,000 kcal per clay, 

protein intake from 67 g to 178 g, and micronutri
ent intakes were generous. Anthropometric re
sponses 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 one 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 effcct 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 disease factor most likely to affect 
nutrient requirements under prevailing world con
ditions. In a final attempt to quantify the energy 
cost of disease to children's nutrition, I consulted 
three authorities. Dr. Vinodini Reddy indicates 
that young children have one or two episodes of 
diarrhea per year, each lasting two to three clays. 
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 disease experience or the 
definition of diarrhea is quite different in various 
geographic locales. 

The range cited provides average estimates of 
15-141 clays of diarrhea between six months and 
three years of age. The cost of gastroenteritis to 
weight gain in The Gambia was 773 g per 30 day; 
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 

'Table 1. Anthropometric responses (mean values) to dietary supplementation and/or drug therapy of schisto

somiasis.* 

No di ug Plus drug 

Monthly increase Supplemented diet Control Supplemenited diet Control 

Weight (kg) 0.42 0.12 0.54 0.25 
Height (cm) 0.15 0.08 0.21 0.17 

* These data are adapted from 181. 
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body size is, ol the other hand, very large. This 
size difference does have an effect on re-
quircments - requirements are lower where disease 
prevails and full catch-up growtli does not occur. 

Again let us take as examples the situations in 
The Gambia and Uganda [31. The mean gain was ex-
pected to be 220 g per mcntli; the observed gain 
was 98 g and 185 g ill the two respective locations. 
At the age of three years, average body weights 
would have been abot 9.94 kg and 12.5 kg; these 
figures are 7!1/o and 90% of expected weight. 
Energy requirelienls to sustain tile nornial growth 
rale for age are expressed on the basis of body 
weight. Thus, food needs would be red uced by
2 9 1/4 and 10%, on the average, by the age of lrec 
years in these iwo locations. For children growing 
at two Stallard deviations below lie mean, tie 
situation would be even rosier; they would become 
better adapted 1o food shlortage with lintle-[-or so 
tie "adaplation ists" would slggesl. 

The uncorrected energy def'icit is, as we have 
seen, very small. The question is why children 
don't catch up i t hese er :ronnint ;. ()lie reason 
m1u1S surely be thfat cliiIdren are sick a large part of 
the time, and that when they are sick, they don't 
eat adeq'iately. Food may also be withheld as part 
of ini forniiafl theripy. 

Prevalence of all disease categories recorded in 
The Gambia 13] was 0.456. This means that children 
were affecled, on tie average, 13-14 days each 
nonti. In Uganda 131 there were 1.709 disease 
episodes per mnOithIi. 

Assuminig flat food intake was, on tile average, 
half of' normal during (lie (lays of illness, hen, ii 
The Ganibia, initake oil well days would have to be 
([0.456 x 0.51 - 0.544.x -= 1.0) or 1.42 litnes tlie 
normal requr irClnelllt, to reach I nornal average in-
take. Mata said that iitlake was reduced by 19% in 

his study. Utilizing the saille calculation, tfie ill-

take of' Mala's subjecls appears to have been 1.07 

liiles normal oil days wheii tlie child \was well, iot 
eiough to avoid growth relardalion. Martlorell et 
al. [91 fiave reported inlake deficits of tlie order of* 
20/0 during miscellaieous childhood ilhiesses over 
the first five years of life. The Gainbian disease 
prevalence and Martorell's observed intake indi-
eate that intake would have to be increased only 
161/6 (plus the 20 kcal or so to cover absorptive 
losses) oi heallhy days to iiect iormial average iii-
takes. This is well within lie normal variation in 
intakes 191. 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 ini bulk and 
water-binding capacily. Unless oil or sugar, or 
some digestible energy-rich food (suchi as eggs, 
whole milk, or nieat) is available to raise the 
caloric density of these diets, it is unlikely that 
young children would be able to eat enough to 
mcet and exceed normal requirement levels. 

There is a second, usually unrecognized ex
planation. Let us consider what happens to tlhe 
food that sick children do not eat. I f it were breast 
inilk, we could assume it is still part ofthc mother, 
but breast inilk is not what sick children generally 
reject. They reduce consumption of' foods taken 
froni the family table. Would that f'ood still be 
available to sick in fanls when they recover? 
Children that are nahlourisleed rarely are found in 
households where tlie food supply to anyone is 
truly generous, so it seems unlikely that the re
jeccd f'ood would b, wasted. It is far nore likely 
that somonre else would lcathe food tlie sick child
 
did not eat. Solle other mleniber oft ile household
 
would benefit, and that extra small aiiiouut of
 
food may be iakig tlie difference for tlie
 
nilmintenance of observed growth of siblings or f'or
 
tlie work capacity of' parents. There mightinot be
 
any extra food available in a household where tlhe
 
resources are Iiinited 
 two or three days later when
 
lie child is well and able to cat.
 

I believe that research on nitrieit and food re
quirements now needs 
 to focus oi entire famnilies.
 
We need to know what transact ions occur within
 
fanuilics mianaging food and olher resources in tlie
 
f'ace of illness and recurrent scarcity. We need also 
to have allSWers 1o critical qunestiotis sucli as tile
 
ones raised hy Dr. Mc(;regor: Does growlh begin
 
to fail before, or 
 only after, thc first serious
 
disease episode? Are tfie poorest consumers af
fctled fhslt, or oily iMiost severely?
 

I do not believe that efforts to prevenit and cure
 
parasitic and other 
endeiic diseases ieed to be 
based upont a postilate of altered nutrient re
quirelnenis (see, for exaiil)le, tile SttIdy ol Beaton 
and Swiss I[101). The belefits of disease reduction 
ihi terilis of reduction of ltinai misery should be 
sufficient to offsel the cost of' treatment, Neither 
sho11d we allow tlie case for the provision Of* tiore 
and better 1ood to rest oti all argunmeit that re
quireinenls Iliust be increased because of' disease. 
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(see, for example, [11, 12]). Food intake of those 
most at risk due to disease are not even meeting 

phasis on "requirenents" detracts from the efforts 
needed to identify and correct the underlying 

causes ol' malnutrition. 
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Needed Research on the Interactions of Certain Parasitic Diseases 
and Nutrition in Humans 

Michael C. Lalilham Iron Mhe livision ol NutritionalScience, 
Cornell UniversitY, Ithtaca, 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 to, and available therapies for these diseases 
are discussed. It 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-
eases 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 
treatment and control of most of these infections 
important for tile individual and for the communi-
ty. The priority l'or 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-
cance of the disease; these factors vary from coun-
try to country and also within countries. The ease 
and cost of* control with presently available 
methods merits consideration. 

The purpose of the workshop was to examine 
the interactions of parasitic diseases and nutrition 
in humnans. The f'ollowing questions were ad-
dressed. (1) What effect does each parasitic infec-
tion have on the intake, utilization, or loss of' 
nutrients, and what are the functional colse-
quences that may relae 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 nutrienlt requirements. 

I have kept these questions in mind when ex-
amining priotities for research. In general, thle 
concern is to identify tile nutritional reasons that
add to tile many other reasons for the control orlimitation 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. 

We should remember tha, helminths do not 
themselves multiply in the human host. Increased 
levels or ittensities of infection in an individual 
always esult from infections with new organisms 
from outside the host; they are not due to prop
agation of the helninths within the body. In all 
research projects, the use of quantitative rather 
than purely qualitative methodology is important. 
This information usually involves egg counts. For 
many helninthic infections, relatively simple
quantitative techniques suitable for field testing
exist; examples are egg counts in feces and count
ing of' Schisvosoina haeinalobium eggs by means 
of the Nuclepore® filter (Nuclepore Corp., Pleasan
ton, Calif.) technique. 

General Research 
Certain gencral research areas that are related to 
several parasitic diseases were identified in the 
workshop. These include: (1) 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) Studies 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, physical activity or work output, cognitive function, 
reproductive competence, and social and behavioral function. (3) Improved m'search on immune function in severe and moderate protein 

energy 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 diseases 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. 

Clearly, in schistosomiasis a distinction must 
always be made between !hose persons with light 
infections and those with moderate or heavy infec-
tions. In all studies, 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 research on the interactions 
of schistosomiasis with nutrition are as follows, 
(1)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. hoemalobium, 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. haemalobium infections); appetite 
and food intake; and, indirectly, function, in-
eluding 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 hoNs the nutritional status of the host af-
fects the intensity of infection, morbidity from the 
disease, and immune response. (3)For S. huemalo-
biwm infections, studies are needed to determine 

more precisely how much blood, and therefore 
iron, is lost in the urine with different intensities 
of iihfection. 

Research on schistosomiasis should be influ
enced by the great improvement in recent years in 
the drugs used for this disease 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 
disease 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, Plsmodiuln nalariae, 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 research on the interrelationships 
between malaria and nutrition. 

Research is needed on the following aspects. (1) 
Well-designed, longitudinal studies should in
vestigate how malaria affects food intake (e.g., 
what is fed to the child, how appetite is affected), 
utilization of nutrients, nitrogen losses in tile 
urine, and physical function. (2) It would be use
fill 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 areas where malaria is unstable or 
where epidemic outbreaks occur. (3) The role of 
malaria in gastrointestinal 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 involvemcl;t) and prema
ture births or small full-tern births is unclear. 
What is the significu-.ce 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? 

http:significu-.ce
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Why is itseen mainly in the primipara? (7) The cf-
feet of the nutritional stat us of the host on thefi t 
morbidity, duration of disease, and mortality in 
those with malaria warrants Study. Arc the 
responses in patients with kwashiorkor di ftferent
from those in patients with nmrasmus; and if' so,
why? (8) In those with subclinical malaria and 
wihy? s8Igthof' uneitionweiieedmalaoaknw 
whthe sinsuleenitry fo, refeedn, or tw


wheter upplmenary recc~ingof-the
ood, 

provision of' certain nutrients, e.g., iron, exacer-

bate tle malaria? Tis problem may reqti re i-

vestigation in persons with different lypes of
 
malaria, in a variety of ecologies, in people with
clif'frenofim dereeity ad wt I a arityiu 

of diets. The st idies 
 need much iore careful 
design, control, and interpretation than si ilar 

sdiesin cote pa. (9 terettlien tan imil 

salai, ih iast.(now t bethem a a seeni 

f'ecs irostatus anown the utliatin o otr 


fccl irn sttusandtileutiizaion f oher
hemopoietic nutrien~ts is unclear. Is iron that isliddownii ntienspigmuletaIo irn t hlelieis 

otiherorgns in alarpiameetinied atit lie d
o t h e r o r ga n s i n m a la r ia r eu t i l i z e d ? W ha t i s (l eruerelto' iialrioiil tof'oate n ~ iiu i tim a laria to late n u tr it ion in 
humans? 

tr u e r e la tion s ip o f ' l'o 

Research on Ainebiasis 

a comondidi!;ease;asein iany 
parts of' tile world, and in many ,',veloping coun

tries its incidence may be increasing. This increase 
is in part due to the fact that specific control 
measures are not available. 

Relaitively 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 oii loss of micronutrients, 
such as iron? (2) How does diet affect the disease? 
Do particular diet patterns affect the pattern of in-
testinal microflora, and how does the pattern of 
microflora relate to the pathogenicity of the 
amebae in the gut? Does the provision of' certain 
nutrients, such as iron, influence the amebae to 
become invasive? (3) How does malnutrition of' 
the host affect tie parasite and its tendency to be 
invasive or noninvasive? 

Aniebiasis remainsAmebasi reminsacommon iii many 

Latham
 

Research on Giardiasis 
Infections with Giardia lamblia are common inboth tropical and nontropical countries. On of 

itheproblems in field and community research is 
the difficulty of a definitive diagnosis, cspccially 

i asyiptornatic cases or light infections. The 
failure to find evidence of the parasites in stool ex
aminations does not rule out the presence of an infection, but usually cysts call be detected in those 
feintiusua cy cnbdeecteditowhose inf'ections are heavy. Duodenal aspiration 
is not a procedure that can be recommended for 

RefeldstudeResearch is ineeded in the following areas: (1) 
Well-designed field studies should determine the 
effect, 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 if, patients with proved infectionsmesrensipaetswtpovdnfcos
 
who are treated. (2) The effects of giardiasis on
 
the utilization of' certain micronutrients, especially
v t m n B , o a e l (] v t m n A . I i v s ivitamin B,2, folate, and vitamin A,t 1: 1 investigao . ( ) P o p ci e s u i s i v kc i d e
 
tion. (3) Prospective studies invoi , children
 
with protein energy nmalnutrition should deter
mine the role of'the nutritional status of the host
 
in susceptibility to giardiasis. Studies including
 
feeding or nutritional rehabilitation should ascer

tain the effects of dietary intervention on giardialinfections. 

Research on Ascariasis 

In recent years several studies have investigated 
the effects of ascaris infection oii the growth of 
children. These are reviewed elsewhere. Most of 
the better studies indicate that even moderate in
fections do apparently retard growth and there
fore contribute to protein energy malnutrition. 
These field studies are consistent with evidence 
from research involving pigs and from metabolic 
studies involving humans. However, none of these 
field studies have been conducted with heavily in
fected children. Ascariasis call also lead to certain 
serious complications, such as intestinal obstruc
tion (with heavy infections) or worms that cause 
problems during ectvpic 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 cause 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 areas for additional research 
were identified. (1) A need exists for well-
designed, longitudinal field studies in more than 
ooe country in which the effect of treatment or 
other control efforts is measured in children hcavi-
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 disease. (4) Metabolic 
studies should determine the role of heavy infec-
tions vith Alscuris 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-
pie, intestinal obstruction, ectopic location of the 
worm). (6) Programs for the control of' ascariasis 
in the community by means of anthelminthics 
need evajuation. The effectiveness; the rates of' 
reinfection; the delivery systems, ei!ler alone or in 
combination with other health or nutritional in-
terventions; and the economic aspects of such pro-
grains need 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 paits of the world, and 
that the mechanisms for this relationship have 
been determined. Therefore, hookworm disease is 
a clear case in which a parasitic infection results in 
a nutrient-deficiency disease. Tiie careful work in 

both animals and in humans has not beci ade
quately extended into field studies or control pro
grams. In all research, quantitative techniques, 
such as egg counts in feces, are necessary. 

The following were identified as research 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) Sludies 
should determine the effects of hookworm dis
ease, especially heavy infections, on appetite, 
function of the gut, and the growth of children. 

Couions 

The workshop suggested that highest priority be 
given to research on hookworm disease, ascari
asis, and schistosomiasis. The reasons for the 
choice of these three parasitic diseases are dis
cussed below. In addition, malaria is such a seri
ous and important disease that its treatment and 
control deserve very high priority irrespective of 
the relationship of the disease to nutrition. Ame
biasis and giardiasis -ire common infections and 
are frequently important diseases. However, be
fore nutritional studies are undertaken at the com
reunity level, some basic problems related to these 
diseases need investigation. These include the 
pathogenicity of different strains of Entanoebr 
hisolytica, factors influencing the pathogenicity 
of G. lamblia,and the diagnostic techniques (both 
stool examinations and scroepidemiologic studies) 
for amebiasis and giardiasis. 

Funding agencies might, therefore, give greater 
priority to research and programs relating to 

hookworm disease, ascariasis, and schistosomia
sis. For all three diseases, currently 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; 
estimates 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 effect 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 
disease, especially in those with heavy infections. 
But the need isclear for studies to determine how 
schistosomiasis relates to nutrition. Several ave-
nues for study suggest an evaluation of the effects 

Latham 

of treatment on nutritional parameters, including 
iron nutritional status. 

Although it was recommended that research pri
ority be given to the nutritional implications of 
hookworm disease, ascariasis, and schistosomi
asis, studies are also needed 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. 
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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 anthroporretric 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 
either augments severity of infection or affords 
protection from clinical illness. Previous studies 
lending suppoit to these constructs are largely 
descriptive and cannot establish a cause-and-effect 
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 doses are unknown, exposure can be 
recurrent or continuous, and inf'ections are 
chronic. Furthermore, determinants of' the ap-
parent synergy or antagonism include the species 
and virulence of tile parasite, Its own nutritional 
requirements, the nature and severity of' the host's 
malnutrition, and the functional capacity of' ima-
mune mechanisms and other host factors. 

Drs. Gerald T. Keusch and R. K. Chandra re-

PItese address requests for reprints to Dr. Gerald T. Keusch, 
Division of Geographic Medicine, Tufts-New England Medical 
Center, 136 Harrison Avenue, Boston, Massachusetts 02111. 

From tihe Division of Geographic Medicine, 
Tufts-New England Aedical 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 macrophage,, by as-yet-undeter
mined mechanisms. Helmiiths do not generally 
multiply within the mammalian host; this fact dra
matically alters the conditions for an immunologic 
response. Thus, the success of both 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 responses can be 
elicited including T-lymphocyte-mediated re
cruitment of specific effector cells, granuloma for
mation, and activation of antibody- and/or com
plement-dependent mechanisms, macrnphages, 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 
tile magnitude of this effect and the mechanism by 
which it occurs urgently require investigation. 

Dr. Michael Katz recounted the remarkable ad
vances in development of antihelminthic drugs 
that are 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 .1. Wyler, Bernardo Septilveda, David P. 

Stevens, Zbigniew Pawlowski, and Robert H. 
Gilman reviewed tie host-pathogen biology of six 
important infectious agents: three helminths 
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(Ascaris lumbricoies, the hookworms, and Schis-
tosoma mnansoi) and three protozoa (Plsmo-
dittn, species, Giardia lantlitt, L'ntamoeha hi'to-
/vtica). Because of their epidemiology, however, 
only malaria, giardiasis, and amebiasis were 
deemed potentially significant problems for the 
nutritionally vulncrablc preschool child. This is 
not to say that infections with hookworm, 
Ascuis, or Schistosoma do not occur ;n the 
you ng. Rather, because these worms do not multi-
ply initile human host and because clinical disease 
is generally a consequence of heavy infection, it 
takes time to acquire the worm burden likely to 
cause symplonis. The distinction to be made here 
is between infection and illness. In tacl, the vast 
majority of infections witi these licnintlhs are 
subclinical and arc unlikely to cause symptoms. 
When clinical ilhliess does occur, however, it is 
likely to be chronic, severe, and someticmes fatal. 

These distinctions have important nuiritiomal 
implications. The evidence reviewed by )rs. C. 
Amcchi Akpom, Ian A. McGregor, Louis S. l)ia-
mond, Noel W. Solonions, Myron G. Schultz, and 
Easwaran P. Variyani and John G. 13anwcll indi-
cates that parasitic infections that are too light to 
produce symptomatic illness are generally also too 
light to significantly affect nutritional statis. The 
chronic loss of' iron associated with mild-to-
moderate hookworm infection is tile major excep-
tion to file rule, as chronic anemia can develop 
when dietary intake of iron is limited or i; in a 
form having limited bioavailability. The ac-
celcrated metabolism and loss of body nut rient 
stores, which typify acute febrile bacterial or viral 
diseases, are also seen during symptomatic systemic 
parasitic diseases. The papers in this workshop 
arid tile subsequent discussion show that parasite-
induced malutrition is generally seen in only a 
small fraction of pat iints who harbor parasitcs. 

The final group of papers explored issues con-
cerning strategies for intervention. )r. Calloway 
estimated that tlie growth inhibition resulting 
from infection is <20 kcal/day for children; this 
figure is an average based on studies reported for a 
variety of diseases. It isextremely small in terms of 
a child's nornial requirement of' r-,000 kcal/day 
and is probably not directly measurable. If tlie in-
corrected cnrgy deficit is so siall, why is it that 
these children do not catch tip 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
valesccnt food needs must be increased by ,16 0/ 
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 
household of limited resources. Therefore, solu
tions to this problem may depend on general social 
and cconomic advancement. 

l)r. Le.onardo .1.Mata conlinued this theme by 
describing the sociocultural factors that contribute 
to both the high prevalence of infection and tlie 
limited effectiveness of' interventions. These in
clude prevailing poverty, deficient education, 
maintenance of' practices such as indiscriminate 
defecation, and high demographic density and 
ruralism. Hc pointed out that child-rearing prac
ticcs and attitudes within families, termed "ma
tcrnal" or "familiar" technology, differed from 
household to household and might explain differ
ciccs bctwccn families ill the saiel ecosystem 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 rchydration for diarrhea, 
education oii weaning practices and convalescent 
feeding, improvement in personal and domestic 
hygiene, inimunization, community planning for 
,mvironnicntal improvement, family planning, 
and chemotherapy and prophylaxis for prevalent 
infections caused by parasites that are susceptible 
to drugs. 

Mr. James M. Pines discuIssCd the process for 
selling governiental policies and the use of'scien
lific data by civil planners in establishing such 
policies and priorities. he stressed that tile ustial 
laigtuage of' scientific communication, which 
emphasizes the limits of data and qualifies tile 
conclusions drawn, is a barrier to the planner who 
must forritlate decisions based on evidence that 
o ft ialls short of scientific validity. These deci
sions are also usually infltenced by political, 
technical, administrative, or resource constraints. 
Increased collaboralion between scientists and 
policyiiakers is necessary to improve tile link be
tween research findings and policy interests. 

Dr. Keusch and l)r. Panata Migasena described 
polyparasitisni, 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 disease). 
They suggest the need for prospective epidenio-

logic research to address tile importance of such 
issues and to consider interventions in a broader 
ecologic context. 

Dr. Philip Davis Marsden presented an over-
view of current treatment and control of' endemic 
parasitic infections. The transition from con-
sideralion of individual patients to that of entire 
populations requires a _,hange it thinking for the 
inclusion of a broad range of' measures, such as 
the possibility of mass chemotherapy, simple en-
virotmental or behavioral modifications, and vec-
tor control. These measures may be used singly or 
in combination. A pragmatic approach to treat-
ment and control must be based on an understand-

ing of the problems and infections in each endemic 
area 

Finally, Dr. Michael C. Latham summarized 
the needs and priorities 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 
1 provides a framework for tile ordering of priori
ties for dealing with tile six infectious agents dis
cussed. These judgments may depend on personal 
bias, and arguments to tile contrary can be made; 
they are presented as a means of stimulating con
sideration of the issues raised. 

Mularia. This highly prevalent disease in 
much of the developing world produces significant 
morbidity and mortality. Acute, febrile disease is 
accompanied by metabolically inefficient re
sponses, and specific antimalarial therapy should, 

Table 1. Assessment of intervention strategies for control of some parasitic infections. 

Inlerventions for disease control
World Overall Impact on Impact of 

Infection prevalence* morbidityt nutrition malnutrition Measure Feasibility Priority 

Malaria Very high High Yes 	 Possible Vector control Low to moderate High 
clinical Mass chenoprophylaxis Low Low 
antagonism Vaccine Unavailable Research needed 

Giaidiasis High (?) Low Probable Unknown 	 Mass chemoprophylaxis Low Low 
Water and sanitation Moderatet Moderate 
Education High High 

Amebiasis High Low Yest Unknown 	 Mass chemoprophylaxis Low Low 
Water and sanitation Moderatet Moderate 
Education High High 

Hookworm High Moderate Yes Unknown Mass chemoprophylaxis Moderate Low 
disease Iron supplementation High High 

Sanitation/education Moderate Moderate 

Ascariasis Very high Low Probable Unknown 	 Mass chemotherapy Low Low 
Targeted chemotherapyl! Moderate Low to moderate§ 
Sanitation/education Low# Moderate 

Schisto- Moderately Low Yest Possible Vector control Low Research needed 
somiasis high clinical Mass chemoprophylaxis Low Low 
mansoni antagontsm Targeted chemotherapy Moderately high Moderate to high 

* On a population, not individual-patient, basis.
 
tWith symptomatic clinical disease.
 
t Must be combined with continuous education and surveillance.
 
§ Depends on prevalence of heavy infection and its impact on growth of infants and children.
 
IIDelivery to the age group most at risk of heavy infection.
 
# Probably must be combined with mass chemotherapy.
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therefore, be followed by nutritional rehabilita-
lion for repletion of losses. The nutritional conse-
quences for persons with the chronic form of 
malaria are far more difficut to assess and 
manage, for such individuals are also subject to 
many other slresses, both infections and noninf'ec-
tious, that affect nut rilional status. 

At the same time, there are observations sug-
gesting anagonism between nmalaria and malnutri-
tion. This evidence includes clinical observations 
of' the rarity of cercbral malaria in the overtly 
nmalnourished, as well as the ecxacerialion of 
parasitenia in nialnotrislicd subjcCts by rCfccding 
or by administering parcnt eral iron. The general 
relevance of tliese situations isunclear, and, in any 
event, the mechanisms are unknown. It is possible 
that tie nutritional and temporal requirements for 
the life cycle of tile parasite are involved. For cx-
ample, if tlie life span of' erythrocytes is shortened, 
maturation of the organism may be compromised 
atnd parasitemia will be suppressed. I lowcvr, pro-
ducing severe mnalnutrition is hardly the way to 
control malaria. 

Current prospects for tihe development of a vac-
cinc are encouraging. It is difficult to be equally 
confident about vector control measures. Rcsis-
tance to insecticides, potential environmental 
damage, and tile cost of continuous intensive ef*-
forts are :iot easily dismissed. Nonetheless, vector 
control programs call have an impact; however, 
they should not be initiated unless there is a coin-
mitrnent to maintain the program indefinilcly and 
to inslall a suitable surveillance system. Such an 
infrastructure Wotld also pernlit rapid and eff'ec-
live deployment of' a vaccine, should one become 
available. C'henloprophylaxis is of' proven value 
for short-term visitors to an endemic area. How-
ever, widespread mass chienioprophylaxis seems to 
be unreasonable because of logistics, expense, and 
the potential for increased drug resistance by 

flht~ndijUIn /UIh'il/)tI'Un, 
Giardiasi. Giardia I nhlia has a worldwide 

distribution and is currently recognized as an ima-
portant cause of acute diarrhea and, in a minority
of infected patients, of' chronic malabsorption. 
Giardiasis in infants and childrcn has been asso-
ciated with "failure to thrive," and treatment can 
produce rapid, incremental, catch-up growth. Ex-
perimnital models are providing basic new infor-
mation about both tie 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 
iet ronidazole is said to improve individual 

growthIi in such populations. The available data are 
insufficient to 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, chemot herapeut ic 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 of' pure water may benefit the population. 
'File feasibility of this action is uncertain; water
borne transmission still occurs illsome urban set
tings in industrialized nations. Until chemical 
means of' destroying infective cysts are available, 
water purification vill rely upon effective filtra
lion for removal of' the cysts. Witi 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. hi reality this justification is un
necessary because improvmcnt of water purity and 
availability is an issue under active consideration 
by major international health organizations. Such 
projects, if successful, would have a beneficial itn
pact on many infectious diseases that are water
borne or water washed. 
/Inebiasis. 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 amebiasis cannot be determined. In 
some countries (e.g., Mexico) amebiasis is antin
portant, severe, systemic disease producing con
siderable morbidity and mortality. 

Models exist for the study of invasiveness and 
cytotoxic properties of pathogenic amebae 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 reason to initiate such investments in 
most situations, it is a potential added benefit of 
uncertain magnitude to such programs. 

lookworms. 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 alone. Hookworm is just one of 
the causes of iron deficiency, which may have 
many morbid consequences 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 are often young adults in 
the work force, and thus the debility due to 
anemia may affect productivity and income, with 
secondary nutritional repercussions for the entire 
household, 

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 
success is to be achieved. This is not an easy 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, vill 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 cause-and-

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 antihehninth
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 vith 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
tihelhninthics in heavily infected patients. If the 
basic health program can be initiated, treatment 
of ascariasis would not significantly increase cost. 

Schibosotniasis. Considerable progress has 
been made in understanding the host-parasite 
interaction and the immunopathogenesis of 
schistosomiasis. In experimental S. mansoni 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 disease. 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 
disease manifestations. Therefore nutritional in
terventions can be planned, regardless of the pres
ence of schistosomiasis. 
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Schistosoniasis is a severe, sometimes fatal dis-
ease 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 disease, 
has great intellectual and epideniologic appeal. 
Therapy is employed to reduce tie intensity of in-
fection in the target population, not necessarily to 
achieve cure; thus, maximul benefit for the 
greatest number with minimum toxicity and ex-
pcnse is ensured. 

Recoimiendallions 

As a general principle, correcting nutritional defi-
ciences in patients with clinically overt infections 
should be addressed as an essential adjunct to 
speciftic ,tntiparasitic therapy on a patient-by-
patient basis. Corrective measures must include 
dietary supplementation during convalescence in-
il deficits are eliminated. Nutritional support may 

also be needed by patients with asymptomatic in-
fection due to the many otiher causes of malnutri-
tion. The reclceding 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 populations with a high 
prevalence of' malaria, 

With the exception of iron supplementation in 
hookworm disease, nutritional therapy is not an 
effective way to control parasitic diseases. At the 
same time, however, reduction in the incidence of 
clinical malaria, gi rdiasis, and probably amebia-
sis may well contribute to an improvement in nu-
tritional state. It rotmains io be proved whether re-
duction in intensity of' round worm infection will 
have similar benefits. 

Based on the analysis in table I, priorities for in-
terventions are listed below, 

Malaria control. There is an accompanying 
caveat suggesting that commitment be long term, 
that a surveillance system be developed to monitor 
the situation, and that the effort 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. 

Iron supli)lementation for hookworm disease. 
Tile vehicle, the rorm, and tlie 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.e., iron deficiency. In tile presence of severe 
protein energy malnutrition with very depressed 
transferrin levels, iron supplementation (especially 
by tie parenteral route) may contribute to infec
tion morbidity by providing free iron necessary 
f'or tile growth of the pathogen. This outcome is 
unlikely to result from continuous, low-level, 
therapeutic intervention by supplementation or 
fortification of' a dietary staple. 

Water and sanitation projects. These should 
be part of' the general effort to improve the living 
conditions and tile health status of a population. 
Effective implementation will reduce the burden 
of each pathogen considered here, except malaria, 
and of many others not discussed. Both technolo
gy and education are 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 tie mass spread of infection. 

Periodic antihelininthic theraly. Safe effec
tive drugs are presently available and are widely 
used by individuals for treatment of infection due 
to Iscars'lumhricoides and the hookworms. The 
organized, community use 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 
tlie likelihood of important health benefits. Pres
cntly available drugs will not significantly reduce 
the prevalence of' infections due to Trichuris 
trichittra or Slrongj,loides sltercoralis', however, 
and these parasites will have to be dealt with in in
dividual cases where more intensive therapy can be 
effective. Without ihe total program to reduce 
transmission and prevalence of infection, periodic 
mass treatment campaigns are not likely to have 
any long-term effect, and tile ftinding required can 
be better used elsewhere. 

Targeted mass chemotherapy against schisto
somiasis is an entirely separate issue and is recom
mended wherever the disease is prevalent. This re
quires a health sector capable of' epidemiologic 
surveillance so that tie 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, oromotion of breast feeding and appropriate 
weaning practices, oral rehydration for acute diar-
rhea, and immunization for the preventable child-

hood communicable diseases are promoted. In 
this context, and with the proper involvement of 
the community in planning and implementation, 
even 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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On 20 October of this year, while I was examin-
ing microscopically the blood ol a patient stift'er-
ing from malaria, I noticed, among the red cur-
puscies, eleents that seemed to tle to be 
parasites. Siiice heCtI, I have exal inCd tile blood 
of'44 nalaria patients; iti 26 cases, these same 
elements were present. This convinedi me of their 
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No. I. These are elongated bodies, with ends more or less tapered, o'ten crcscent-shaped (see 
Plate 5,Figs. 3 and 4), bill sometimes ovoid (Fig.

In length, they measure f'rom to8 9 microns 
and illbreadth, they average 3 microns. A very
l'ine
lite indicaties lIre COntOlr while the body itself* 
is Iransparent and colorless at the periphery;
toward tIle cetr al p.art, tlhere is a dark stain (ie to 
a series of roundd granlatioi that are probably 
ptllmlu grarItlles.' Lxcepticlnally, this staill is Sitti
atl aIt Ire periphery. The granillatiOlS are often 
symmetrically di'po ed, illa crownlikc arraiige
lnentl, similar to the )lie I shall describe l'orNo. 2. 

crs cellnlt-shaped bodies,cclmi+l\e side cf the 
at curvcltpale line olteii seetlls to coi mleel both 
ends of' the crescent. This line is shown oilFig. 4. 
No. I bodies seem motionless; when their outline 
changes, it does so very slowly. 

No. 2. These bodies present differen shapes 
that vary with their being in states of' rest or io
lion. In states of*rest, the body is generally rouul 
and transparent, fi'iely contourecd, nmeasuring 6 
tuicroris in diamtccr. Inside the body (i!. 6), 
round pigmeited grautiles of' equal size re usually 
quite regularly arranged in a ring; one might say 
they look like a necklace of' black pearls. 

li Otio , Olle sees very Irainspa retnt Filaments 
that are rapidly novinig illall 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 easily 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 (Fig. 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, fhe 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 pa rts 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 
one observes them. They become longer, flatten 
out, and become spherical again. In this last in-
stance, the movements recall those of amoebae. 
Several times, it happened that while I was observ-
ing the motion of No. 2 bodies 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 free. 

In several instances I have also observed in the 
slides of malaria patients, apart from she clements 
heretofore described, rounded bodies larger than 
the No. 2 bodies and usually even larger than leu-
kocytes, 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 are round, larger in 
diameter (8 to 10 microns and sometimes greater), 
than No. 2 bodies, slightly gramlar, motionless, 
without any apparent peripheral filaments. Inside 
the bodies one sees pigmented granules sometimes 
arranged like those in No. 2 (Fig. I1) but more 
often disposed haphazaradly and in variable 
numbers. These bodies alter in shape increasingly 
and so tend to become very different from the type 
I just described (Fig. 12 and Fig. 13). 

In addition to No. 1, 2, and 3 bodies, one nearly 
always finds small, 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 leukocytes. The 
crimson red pigment seems to undergo transfor
mation, and the result would seem to be the blue 
pigment. 

Refutalion of Some Objections. 
Methods of Blood Examination 

.iefore I delve into the nature of the parasitic 
elements and their pathologic role, I wish to 
answer two 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 elements mistaken for 
parasitic elements? 

The technique I 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 
sealed 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 I 
have described were floating in the air only while I 
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 malaria patients if the inclusion 
of the parasites was due only to chance? More
over, I was always careful to prepare the slides in 
different locations in the wards or in my labora
tory, and the results were identical. I beg to dis
pose of this objection and to maintain that the 
parasites were truly in the blood of patients. 

The second point seems even easier to deal with 
than the first. It is impossible to confuse No. 2 
bodies equipped with mobile 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 
motion did not hesitate for a single second in 
recognizing thal what was moving was indeed a 
parasite. One would only nced 'i glance at Figs. 7 
and 8 to become convinced thait such bodies can-
not be confused with leIkocyies, however altered 
these may be. Even when they are motionless, No. 
2 bodies resemble leukocytes only vaguely. They 
are 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. I 
bodies with blood eltments. Erythrocytes, 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 lCu
kocytes. They a., :dike in shape and measure-
ments. Yet, the di;,e:nces are great. Pigmented 
granules have a regular arrangement in No. 3 
bodies (Fig. II); there are no internal nuclei, and 
these elements do not take carmine dyc as do leu
kucytes. Moreover, it i.easy to ascertain that No. 
3 bodies are the result of transformation of No. 2 
bodies, the living niaturie 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 easy 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 isplacd onthemicrscoeis bseved rom
an

placed onl 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 tile one 
shown in 

i 
i'l. 
. 

6. Atecr a while, No. 2 body en-
larges as if' flattening oii wilie the pigmented 
granules disassociate, forming a widening circle 
(Fig. 1I). Finally, the parasitic organism alters its 
shape to tile point where it is no longer recogniz-able.The pigmented granules become arranged ir-reulabl. They ultes beoeigment aoirad 
regularly. They accumulate at one pointl or disap-
pear altogether with the exception of one or two. 

Laveran 

The same procedure, when applied to No. I 
bodies, give similar results. The bodies become 
shapeless after a while, although not so rapidly as 
No. 2 bodies. No. I bodies become first ovoid and 
then spherical and irregular. 

Often, one finds in the slides ovoid bodies that 
appear to be intermediate between No. I and No. 
2 bodies. Nevertheless, i have ncver witnessed a 
No. I body transforming itself into a No. 2 body 
even after a 36- or 48-hour period of observation. 

Mobile No. 2 bodies are mostly found in the 
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Plate 5. Key to drawings. hig. 1. Blood red corpusle. Fig. 
2. Polyrnorphonuclear leukocyte. (These elernents serve as 
points of comparison to give an idea of ihe measurements of 
the olher elements; alldiameters magnified [greatly].)Figs. 3 
and 4. No. I bodies. Fig. 5. Ovoid iniermediate body between 
No. t and No. 2bodies. Fig. 6.No. 2body, motionless. Fig. 7.
No. 2body wilti mobile peripheral filaments bulging at the freeend. Fig. 8. No. 2body with mobile filaments grouped lateral
ly.Fig. 9. Mobile filament freed from the body. Fig. 10. 
Spherical body filled with mobile pigmented granules. Fig. //. 
No. 3 body. Figs. 12 and 13. Distorted No. 3 body. Fig. 14. 
IPigmented elemienits Iroin Iie blood of aman who died of per
nicious fever: (a, ') elements similar to No. I body; (b, h',b")elements sinilar to No. 3 bodies. Fig. 15. Elements from the 
spleen ofainan 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 f'orm they 
go through, lead the researcher to think of' an 
organism like an infusoria. Is it as I first thought. 
an amoeba, or could bodies No. I and No. 2 be 
the result of an agglutination of' cystlike parasites 
formed by normal elements 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 seems to mi,:the most probable one. 
Once free, the mobile f'ilaments are very much like 
filariae; and several researchers, Hallier among 
them, think filariae play an important part inthe 
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 lit 
tie bodies attaches itself to a red corpuscle and 
makes the effort, if I may say so, to penetrate into 
the interior, 

The important role played by the parasites 
above described in the pathogenesis of swamp 
fevers may be evaluated as follows: 

(1) These parasites are found only in the blood 
of patients suffering from malaria. It is fair to add 
that they are not always found there but, since 
only one 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 I examined 
had received quinine sulfate for several days, and 
that could explain the high percentage of negative 
results I obtained. 

(3) In the blood of 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 bodies to those I described as No. I bodies 
and No. 3 bodies, and whose parasitic nature I 
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. 

Parasitic elements are found in the blood of pa
ticnts who are ill with malaria. tip to now, these 
elements 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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