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1. Introduction

Maluutrition and infections intersci te produce most of the discase and
deaths among the poor peeple of the world. Among children, the 2 condi-
tions combine not only to increase 1a0:bidity and mortality, but also to pro-
‘duce lifelona deficits in physical and 1nental development. Among adults, ef-
fects are less dramatic but just as defiaite, especially for particular infections
such as tuberculosis,

Interactions are evelic, in that infections produce malnutrition, and mal-
nutrition increases the oceurrence and severity of infections. The interaction
is progressive so that the typical clinical syndrome can best be visualized as
downward spiral rather than a vicious cirele.

In this chapter evidence is marshalled to iltustrate basic generalizations
but no attempt is made to review the literuture. For that we refer to an

exhaustive review of availuble laboratory, clinical and ficld evidence ina
WHO NMonograph prblished in 1968 [2-4]. Inthis present: ition, datathave been
sclected fromt observations in humans when such studies were available.
Where encralizations are mads without piving specific references the original
articles can be readily found by referring to appropriate sections and tables
in the menograph 24, We have made an effart to include the relatively few
substantive reports that have been published since 19035, We have delibarately
tried o focus on practical iss: s of inportanee to planners and administra-
tors of health and nutrition programs, A concluding szction reports on the
results of recent field trials to evaluate whetier the basie principles presented
here can be applied in control proprins.

Historically, cpidemics and famine have typically occurred together,

partly because both are influcneed simili wly by social disruption, wars and
n.uuml disasters. Even in normal tines the same underlying social [orees
contribute t¢ both malutrition and infections. For some time there was
uncertainty whether the correltions between nutritional deficiencies and
infection were cansed by common determinants in ccology and culiure or
whether there ware indeed direct interactions between the 2 ypes of con-
ditiens. We now have abundant evidence that relaionships are both indi-
rect and direct, For instanee, a high prevalence of endemic infection may
reduce community productivity because of physical weakness or disinterest
in work, or because whole geographical areas are closad to asriculture by
discases such as malaria, omhmcm.ms and schistosomiasis. Either mal-
nutrition or infection may influence economic status which in turn predis-
Doses 1o most diseases and deficiencies. Although such indirect inter-
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actions are powerful and important, the focus of this chapter is on direct
relationships.

Interaction between malnutrition and infection may be synergistic or
antagonistic, Syncrgism is a term used when infection interferes with normal
nutrition or malnutrition lowers host resistance to infection; agaravation
of discase results because the combined impact of both is greater than the
sum of individuz! cflects. Antagonisi is the reverse situation when the com-
bired impact is less than would be expected from the sum of individual ef-
fects and has been identificd only in conditions in which nutritional defi-
cieney limits the abibity of an infectious agent 1o cause disease. In this dis-
cussion we will use these terms to indicate net efivets on the host.

Although malnutrition and infection have long been associated in both
popular and medical falklore, evidence for ditect interactions became avail-
able only vith the development of laboratory and elinical rescarch. Several
scparate streams of investigation converged in the early years of this century.
Some of the carly studies of humnan nutrition showed that diseeses such as
typhoid produced nogative nitregen balunce and other evidence of nutritional
deterioration. Laboratory workers studying infection in animals found by
chance that resistince was ercatly influenced by nutritional state. Sinilarly,
Jaboratory workers studying specific vitamin and other deficiencics had ex-
periments ruined by frequaenit epidemics of intereurrent infestions in their
animals. A period of concentrated laboratory activity produced many re-
ports of loss of resistance to bacterial infections produced by specific vitemin
and other deficicscies. The unfortunate sequela was that since visumins pro-
duced a dramatic reduction in infections when fed te deficient animals, the
wnjustified extrapolation was made that they would also protect normally
nourished hunsans, The continuina commereialization of vitamins by the drug
industry based on poorly substantiated chiims of anti-infective activity of
gpecific vituming, even in the well nourished, has contributzd little except
confusion. Nevertheless, it is important to maintain the perspective that
synereism between avituminosss and inlections is a clinical reality, as is well
documented by 2 cxecilent reviews [, 17} of the substiatial body of labora-
tory cvidence availuble in the 19305, '

Understanding of these refationships became particularly confused dur-
ing and after World War 1L Rapidiy expanding virus research stuimbled on
contradictory findings in laboratory animals, Deliciencies of spevilic nutrients
interacted with both viruses and intracellular parasites to preduce antago-
nism as often as synergism, and cven more commealy the interaction led to
no observable alieration in expected cffiects, Much interest immediately fo-
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cussed on antagonism bacause of the hope that better understanding of me-
chanisms might lead to practical control measures.

A scrics of review articles and conferences concluded that no consistent
patterns of interaction between mahtrition and infection could be defined.
3t was stated ihat separate determination of interaction patterns would be
necessary for cach combinatioit of infectious agent, host and deficiency of
specific nutrient,

A major contribution of the review article by ScriMsHAW ¢f o/, in 1959
[23) was to concepiualize the patterns of interaction. Lispecially necded was
reconfirmation of the basic principle that in humans synergism is the rule,
and clarification of' the fact that antagonism has little practical relevance.
Antegonism is a laborztory linding of considerable interest in animals, but
it has never been docuinented in humans, This is probally duz to the follow-
ing facts: in human populations nutritional deficiencies are seldom so specific
as to be more ditmazing to the weent than to the host; deficicncies in man are
vsually not as severe as tiiose produced in the lntoratory; and even with mo-
derate deficicncics the ceneral loss of resistance leads to many synergistic
sccondary infections.

Interactions of maloutrition and infection vary with time, place and
peison. The most serious examples of synergism in human populations are
ininfants and wearing-axe children, In traditiona! socicties supplementation”
of breast feedinzis steried Inte and i insufiicient amounts, JeLiFr int-oduced
the term ‘breast starvation® for the cubtural practice in which mathers plice
solc reliance on breast feeding far bevond the period when the volumie of milk
can satisly the child’s developmentat needs, Caloric starvation leading 10
marasmus can aiso restit from the usz of weaning foods so dilute or lncking
in cficctive nutrients that the baby caniot consume 2 sufticient quantity to
meet his needs, Tn new!ly urbanized arcus, carly substitution of dilute artificial
feeding for breast fesding is incieasiagly common. In fraditional socictics
weaning foods are starchy with Hitle or no snimal protein. Purticularly haz-
ardons are dietary practizes which presaribe the use of such eficient diets
when the child is ill.

The child under 3 vears of age is particularly suseeptible to infections,
Acquired iinmunity has to be built up through rapid exposure to the in-
numcrable infectious eeents which crowd the home environment of poor
people whether rural or urban [6, 12, 13]. The child is constantly exposed to
imfection as he crawls about the mud floor or is carried around a crowded
village. A particularly suiking syneraism is the rapid enset of malnutrition
following common childhood discases such as measles and whooping cough.
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‘Weanlinz diarrhea’ is also one of the most common and damaging preci-
pitating causes of malnutrition in developing areas. Diarrhea his long been
known to produce much of the morbidity and mortality in this age group and
we now know that it also coatributes to malnutrition. The etiologic agent is
usually urcertain since the erganisms found are also harbored by asympio-
matic carriers in the same populations. *Weanling diarrhei” cannot be attri-
buted to infections or to malnutrition alone. The syndrome combines both,
and the incidence and severity ol the diarrhea depends both on an infectious
agent and on malnutrition.

11, Effect of Infections an Nutritional Status

Many cases of clinical malnutrition in developing countrics are precip-
itated when an infectious disease attacks a host with borderline nutritional
deficiency. Malnutrition declined in the United States and Furope as increas-
ed knowledee of nutrition and dictary habits resulted in fower persons having
borderline malnutrition, and as the major infectious discases such as typhoid
also became uncoramon, After intensive reazarch activity up to the 1930s
general interest in the subject waned, Developing countries ave now experi-
encing many of the same problems that the US and Europe had 50 years ago.
In the last decade. aeain, world-wide recegnition of the importance of
kwashiorkor and marasmus has precipitated much research activity in the
scarch for a clearer understanding of causative relationships.

Infections interfors with nutriture of the host through several mechanisms
producing both physielogic and anatomic changes. Particulurly important
is interference with compensatory mechanisms which permit the body to
minimize nitrogen loss in undernutrition [30). Such mechanisins arc over-
whelmed in the catabolism which occurs in iatfections. These systemic reac-
tions include: arcater mobitization of protein due to increasad adrenocortical
activity; with infection or fever caloric expanditure increases significantly
cven during rost perieds; veneral malaise, chanaed sensory perception, di-
minished appeatite, increased mucus seeretion and other local and general
disturbances lead to reduced food intake. In addition there are poorly under-
stood but impertant intestinal changes which lead to reduced absorption of
ingested food.

Reports of the influence of infections on nutrition include many studies
of bacterial and helminthic infections. Only a few deal with the effects of
viruscs, rickettsine and fungi. The sections which follow summarize the ef-
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fects of infections on proteins, calorics, vitamins and minerals, as well as
growth and development in aencral.

A. Influence of Infections on Protein Metabolism

Quantitative studies have begun to define the ways in which infections
such as typhoid fever, tubereulosis, chickenpox, 17D-yellow fever, malaria,
hookworm and ascuriasis preduce protein deficiency. Protein metabolism
and transport may be affected at different points such as: intestinal absorp-
tion, albumin levels in plasma, circulating frec amino acids and nitrogen
retention,

In gastroenteritis or diarrhea, decreased abserption seems most impor-
tant. In typhoid fever, urinary nitrogen exciction increases L0 a point where
itis virtually impossible to maintain a positive nitrogen balance; there issome
decreased absorption but it seldom falls under 75 o of normal. Another cflect
observed in typhoid as in other acute infections is that serun fevels of albu-
min may decline while urea and immunoglobulin G increase. A similar
response has becn shown to follow intravenous administration of entero-
toxin, type B. In experimentally induced typhoid fever blood amino acids
rose during the incubation period but deereased following the appearance of
clinical sigus.

Active febrile tuberculosis produced increased urinary excretion of ni-
trogen, whileafebyile paticnts maintained essentially normalnitrogen balance.
Sputum also conributes to pitrogen Joss and when large amounts are pro-
duced this may add to the strongly nesative nitrogen balance of active tuber-
culosis. The well reeognized loss of appetite further complicates clinical
manazement dirscted to maintaining an adequate nutritional Lalance.

Chickenpox infeciion produced negative nitrogen balance during active
discase, followed by incrcased nitrogen retention for at least 2 weeks during
which 1.5 -2 ¢/ke of body weight was retained. Even an infection as mild as
17D-yeltow fever produced a neeative nitrogen balance. In cxperimental
Plasmodinm vivax malaria scrum albumin deereased after patients had ex-
perienced 5-8 paroxysms.

Human adults with hookwuorin have decreased intestinal absorption of
protein and in severe cases more atbumin is lost into the gut than can be
explained by red blood cell loss. Ascaris lumbricoides has been reported to
increase fecal loss of nitrogen, but othier reports did not substantiate this
finding.
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In summary, it scems probable that most bactesa! and viral infections
have detectable adverse influences on nitrogen balance, Several of them are
known to be among the main precipitating causes of kwashiorkor, Limited
evidence on protozoal and helminthic discases such as malaria and hook-
worm indicates that adverse eficets on nitrogen balunce are roughly propor-
tional to the parusite load. Presumably, any intestinal parasite present in
large numbcrs would interfere with intake, absorption and retention of pro-
tcin.

B. Influence of Infections on Carbohydrate and Fat Metabolism

Little is known about caloric loss in infections. For each deoree centi-
grade of febrile response, basul metabolism increased about 139 [16). A
series of chills has been calculated 1o raise a patient’s daily caloric require-
ment 1o as much as 5,000 cal.

Curbohydrate and fat metzbolism may be affeeted by infections. Plas-
modial parasitemia in acimals and in man provoked hypoglycemia. Liver
and nuscle glveogen decreased tremendously during fever, especialiy when
the intake of carbohydrate was limited, Starmylococeal enterotoxin and
tularemia similarly increased elucose utilization and provolied acidosis.

It is probable that almost Wl infections sharply increase the demand
for energy sources such as elucose, The frequency of hypoalyeemic death
in kwashiorkor has been correlated with subslinical and clinical infections
[15).

Infections have also been reported to increase the amount of fal in the
liver and may also increase fecal fat, bui the elinical siznificance of these
changes is not clear.

C. Influence of Infections on Vitamins and Minerals

A nunber of studies of heinfluence of infections on the level of vitamins
A, thiamine, B complex and C have been made. Perhaps most dramatic is
the clear demonstration that infections may precipitate acute manifestations
of avitaminosis A iu persons with a latent deficiency. Xerosis with possible
blinduess is a particularly serious possibility. Lven in arcas where adults
scldom show clinical vitamin A deliciency, acute signs may apnoar sporadi-
cally after infections in malnourished children, In such areas it may be worth
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considering the possibility of providing vitamin A supplements to children
being treated for infections.

Infections may also affect thinmine metabolism. Severe infection with
fever can lower the thiamine pyrophosphate level by as much as 50 %. This
has been observed espiecially in patients who have been febrile and anorexic
for 1 week or lonzer or who have become febrile in the course of debilitating
chronic infections [5). Frank beriberi may fellow an infection in a person re-
ceiving marginal amounts of thiwmine.

A clear cxample of synergism is the finding that Diphyllabothrium
Jarum, the fish tapeworm, requires so mucn vitamin B, that the human host
may develop megalobla tic anemia. The role of intestinal flora in synthesiz-
ing vitamins is well-known and changes in the flora may directly aflect the
supply of 3 and K vitamins.

Clirical ascorbic acid deficiency can be precipitated by infections caused
by trypanosomes, tuberculosis and typhoid bacilli, plasmodia, measles and
chickenpox viruses. Vaccination with simallpox or attenuated measles virus
significantly increased the urinary loss of vitumin C.

Tnfections may also contribute to deficiencies of mincrals, iron in parti-
cular. Intestinal parasites may cause direct blood loss. In patients heavily
infected with hookworm. s much as 14-45 ml of blood may be lost into the
intestine althoueh 609 of the iron may be reabsorbed. Adequate iron intake
can compensiutz for the blood loss from mild heokworm, but heavy parasite
loads may produce savere angmia,

A syndronie which has been called the anemia of infection docs not scem
to result from tlood loss, hemolysis or iron deficiency. The erythrocytes are
hypochromic and microcytic. The ancmia occurs in assoziation with chronic
infections other than malaria or hookworm. It does not respond to folic acid
or vitamin By, but is apparently related to inhibition of erythropoicsis and a
shortened half-lile of crythracytes.

Cerlain seute infeetions may precipitate hemolysis with the blackwater
fever of malaria being a dramatic example. Infectiovs disease may abo inter-
fere with calcium wnd phosphorus metabolism, and diarrhea causes potas-
sium and chloride loss.

D. Influence of Infections on Growth

Growth and development are oftere used as in.dicators of the nutritional
statve of young children. Investigations of the cffects of infections in clcarly
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well nourished children have consistently failed to demonstrate any inter-
ference with growth, The Oxford Child Health Survey, however, showed that
in randomly chosen groups of children, including thosc of lower economic
status, growth retardation was dicectly proporiional to the amount of mor-
bidity [1]. Tn devaloping countries, censiderable stuatiug of growth is regu-
larly obscrved but there is litle information on the relative importance of
nutriticnal intake as compared with infection. Even though antibiotics are
widely used to improve the growth of poultsy and swine, in children their use
has given ambiguous resulls.

E. Sunimary

In summary, all the evidence indicates that most infections have an ad-
verse effect on nutritional status. The public health significance of syncrgism
between infections and matnutrition is greatest among persons who are on
borderline dicts. '

1. Lffect of Malnutrition on
Resistance to Infections

Through the ycars it has been frequently obscrved that famines seemed
to be associated with epidemics following major catastrophes such as wars.
Little scientific significance could be attached to such concurrent events be-
canse the underlying social dislozation had an obvious causal relationship to
both

An obscrvation having apparent practical relevance has been the com-
mon finding that the prevalence, severity and mortality of tuberculosis almost
always increased under wardme conditions when foud intake was quantita-
tively and qualitatively insufticient. Since general living conditions deteriorate
during wars, the specific effect of nualnutrition was difficult to isotate. Greater
scicntific validity can be attached to detiled reports of several instances in
which qualitative improvement in diets was associated with reduced previ-
lence of tubercilosis in spite of the continuation of other wartime coastraints,
For instance, in Denmark during World War 1, a prolonged peviod of Ger-
man blockade reduced shipments to Lngland. As a resnli the Dauish people
had to eat the lecally produced meat and dairy products and tuberculosis
rates declined markedly. Typhus was reported to be more severe among mal-
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nourished Russians at the end of Werld War 11 than among better nourished
troojs.

A. Inlluence of Protein Deficiency on Infections

Considerable animal research of varyiug quality has been done on the
cfiects of vrotein deficivneizs on infections. Few observations have been re-
corded on humans, in mice, rats and guinea pigs synergism between protein
deficiency and tubareulosis was consistently demonstrated. Similarly, syn-
ergism has been reported between protein deficiency and almost all bacterial
infections tested. General protein deficiency has vsually been synergistic with
viral infections but specific amino acid defiziencies more often have been re-
ported to be antegonistic to viral diseasc. Lichuman., severe protein deficiency
is said to Lave predisposad to increased severity and fatality from measles,
herpes simplex and infectious hepatitis,

Protein deficiency has been reported more often to hiave a synergistic
than antancaisiic cfiect on protezozl infections. In humans, clinical obser-
vations sugzested that protein mahiutrition was synergistic with Jnraniocha
Listolytica inlvciions bat controlied studies were not done. Infections with
aiardia, hexamitus end trichomonas were established in carnivorous animals
only when they were mainizinad on a vegetable-based protein-deficient dict,
Protein deficiency in laboratory animals led to cither synergisim or antizonism
with both malaria and trypanoseme inlections, Tn on2 report showing anta-
gonism, plasmoditim infections of mice were specifically dependent on
methionine. Trypurcesomal infections are of particular interest becauss the

patterns of interaction shified according to specics differences in boii host
and wrent, Helninth infections usually were more severe foilowing pre-

-

existing protein deficiency but instances of antagonism have also been re-
ported.

Recent studies of Schistosomamenseai infection in vrotein-deficicnt mice
showed that synergistic and antasosisiic interactions can co-exist [H1]. In re-
Jatwon to the host, the interaction was synergistic in that fatalities were much
higher, but antzonistic in that local fitrosis around the cggs was less, In
addition, tha protein deficiencey had deleterious direct effects on the schiste-
somes causing adecicass in the number of worns. as wellas defective and less
numerous ceos. Similar experiments with mice on a diet deficicnt mainly in
calories showed even greater effeets on the schistosomes and somewhat less
delcterious effects on the mice.
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Mecn with S. mansoni infections and moderate protein deficicney derived
no benefit from protain supplementation, although when treatment with stj-
bophen was given they seemed to respond more rapidly, Similar therapeutic
enhancement was observed in mice.

In summary, synergism between protein deliciency and infections is com-
mon but antaconism has been reported with some virus and protozoal in-
fections and speeific amino acid deficiencics. Since protcin mainuirition con-
tinues (o be widespread and severe in developing arcas, especially among
preschool ehildren, synereistic interactions must be given priority as a major
public health problem.

B. Influence of Vitamin Deficiencies on Infection

Vitamin A deficieacy is synergisiic with almost al] infectious diseases
in which the relationship has been studied. Children and adults with xcro-
phtlialinix arc highly susceptibic to infeciions, particularly of the respiratory
and genito-urinary systems, Tuberculesis is a more severe disease in a
varicty of hosts (chick, mouse, rat and man) with vitamin A deficicncy.
Since vitamin A deficienzy leads to inanition frem reduced food intake. pair
feeding is particulurly needed 10 isolaie specific efieets. In laboratory experi-
ments With Salutonclia (yphituzriven in wice and rats, pair feeding demon-
strated that it was reduced food intake rather than the vitamin A deficicie
that lowered resistancs, Vitamin A deficiency in rabbits reduced incubation
time after oral administration of polio virus, Rats were more susecptinle to
Trypaiiosoina cruzi after 13 weeks on a vitamin A deficient diet ns compred
with pair-fed controls, Synergism was consistently obsarved between vita-
min A deficiency and a variety of helruintlis in dogs, chickens, pigs, rats and
Kittens, Vitamins D and I have also bean reported to show synergism or
more often to show no ciivet in their interactions with infections.

Deficiency of ascarbic acid has also been shown to be synergistic with
almost all infectious diseases studied. A point of some interest is that there
have been no reports of animal experinients on the relationship between ‘
vitamin C deficicncy and viral diseases. Clinical reports sugacst that scurvy
predisposes to infections such as diphtheria, furunculosis, and bacterial in-
fections generally in children and 1o tubzreulosis in adults, Scorbutie guinen
pigs arc more susceptible to tuberculosis, diphtheria, typhus, anthrax, sal-
monella and amebiasis. The only report of antagonism between vitamin C
deficiency and an infection was in a study of Plasmodinm knowlesi para-
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sitemia in scorbutic monkeys. The many clinical reports purporting to docu-
ment cure or prevention of infections in otherwise well nourished individuals
given larze doscs of vitamin C are gencrally lacking in controls or arc other-
wise unseliable,

Most studics of irdividual B vitamins show complex range of specific
interactions with inlections. In experimental animals, thiamine deficiency
was reaularly synergistic with bacterial infections and ofien antagonistic with
viral discase and systemic protozoal infections. Intestinal protozoan infec-
tions and helminthiasis, however, were reported to be synergistic with thia-
mine deficiency.,

Riboflavin deficiency was synergistic with most infections studied. Pel-
lagrous patients with stomatitis and circumoral lesions infected with Strept-
occocus pyogenes showed prompt healing after riboflavin was aiven, Inseveral
studics, experimental animals infected with bacteria, rickettsia, protozon or
hehminths showed syneraism with riboflavin deficiency. Oac study of the
cliect in mice of riboflavin deficiency showed antagonism with polio virus
and no cflect on mouse encephalomyelitis.

No consistent pattern has been observed in animal cxpariments on
interactions between pyricoxine deficiency and infections. Sviiereism, antag-
onism and no effeet have been reported cquatlly. Of particular interest wes the
demonstration that acute pyridovine deficiency was antagonistic with pneu-
monia virus of mice, but that a chronic daficiency became svuergistic,

Pantotheoate deficiency showed antagonism more often than synergism,
especiaily with various plasimodium infections of birds. No studies in man
have been reported. In the few stedies of folic acid deliciency, by contrast,
interactions were more cften synzreistic with plasmodium infections, Folie
acid deficiency was regularly antasonistic with virus infections. Most studies
of biotin deficicncy focussed on protozoa and when an effect was found it
wits usuwdy synergistic,

Counsiderable interest was stimuluted by the observation that an exclusiv-
cly millz dict in mice, rats and moakeys was antagonistic to plasmodium and
trypanosoine infections. This eflect was then shown to be due to para-
aminobenzoic acid deficieney, a finding of particular interest because this
metabolite is important to plasmodia but not 1o their hosts. In Lumans,
however, no such interection has heen demonstrated.

In sunmmary, vitamin A, C, and B, deficiencies are synergistic with most
infections. This is of public health sienificance because these deficienvics ure
sufficiently frequent and severe in many developing countrics potentially to
aflleet the distribution and impaci of infections. Deficiencies of other specific
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B vitamins presumably do not usually occur in hwman populations with suf-
ficient severity to alter sienificantly the pattern of infections. There are no re-
ports of antagonism between vitamin deficiencies and infections in humans.

C. Infiuence of Mincral Deficiencies on Infections

Interactions bewween mineral deficiencies and infections have not receiv-
ed much attention. Studics in dogs, cats, and rats snowed that iron deficicney
had a synergistic cfleet on hookworm in addition to the well-known reverse
effect of hookworm en anemiz. 1t is assumed, but not proven, that the same
relationship holds true in man. One study reported that babies had signifi-
cantly less respiratory disease when formulas were supplemented with iron,
Potassinin deficiency was synergistic with pyelonephriiis in rats infected with
Escherichia coli. More recently {9] 2 synergism between potassium deficiency
in mice and infection with Seindiki and influenza viroses has been reported.
Cobalt deficieney is syncreistic with several intestinal helminths in sheep.,
Otlier mincral deficicincies have been reported as showing either synergism or
aatagonism but there have not been enough studies to show distinet pat-
terns.

. Influence of Inanition on Infections

Limitation of food intake may alter resistance to infection, Many of the
carlier experiments did not inciude pair feeding (controls fod same quantitics
as experimental animals) and therefore inanition due to reduced food intake
may have contiibuted to the reported results,

Inanition is synerpistic with many bacterial, rickettsial and helminthic
infections in several species of experimental animals. Dramatic synerpistic
effects have been observed even with relatively short periods of starvation
just before or even after infection. Armin, with some vital and intracellular
protozeal discises inanition was found to he antagenistic. Since general in-
anition and starvation is the mest common forim of malntrition in many
developing arcas, the interactions with infections among children and adults
arc undachiedly important, However, no definitive studics of the cfteets of
inanition o infections have been reported in humans. There is obviously
great necd for such experimental and field studies because starvation and
marasnus show litte sien of diminishing in developing countrics,
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E. Summary of the Effects of Malnutrition on Resistance to Infections

In summary, the many research reports are of varying quality but their
results are sulticiently consistent to make prediction of patterns of interaction
between malnutrition and infection possible. In animal experiments reports
of syncrpistic exacerbation of infections were most cosamon with deficicncies
of vitaunins A, C, riboflavin, protein and gencral inanition. With protein de-
ficiency and inanition, antagonism as evidenced by reducad severity of in-
fections has also been observed. Antasonism has been reported as oflen as
synergismn in animals with deficiencies of specific amino acids, thizmine, pyri-
doxine pantothenate and folic acid. In humans all interactions have been
syneryistic,

When patterns of interaction are classificd according to infectious agent,
itis clear that bacterial, rickeutsial and heliminthic infestions have alimost al-
ways boen synergistic with nutritional deficiencies. Vires and intracolular
protozoal infections wete afiveted either synergistically or antagonisiically
by malnutrition. The inference is that antagonisin can be expacied to
occur when tiie metabelic requirements of the agent depand more specifi-
cally on a nutrient than does the moce complex metabolism of the host,
Even in such inlections, however, antazonism cannot be expected to ocaur
in hunans as often s in laboratory sivdiés for two reasons, IMirst, deticien-
cies in man are not often os severe or as speciiic as those produced in labora-
tory studics. Second. cven moderate deficiencies reduce gencial resistance
so that secondary synergstic infections with other agents usnally supervenc.,
The fact is that no instance of clear-cut antagonism has been reprried in
humans.

IV, Mechanisms by which Nwirition liffucuces Infeetion
A. Hast Claracteriatics

The severity of any inicetion is influenced by the genetic make-up of both
host and infectious agent, In carcfud eaperiizental work Scnsnmir [19]
demonstrated that malnuteition was synergistic with mouse sulinenetla in-
fections ondy when both wice and salmonellag were of gencticaliy mixed
populations. When populitions ol mice were genctically scelected for hizh or
Jow resistanice, or the bacteria were selected for high or low virulence, no
synergisnn was found. Fhe practical reality, however, is that in normal situa-
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sions both host and agent are almost always heterogenous and unsclected
populations. In real life, then, genetic influences probably do not influence
synergistic or antagonistic interactions. In Iaboratory experiments, however,
strains of both host and agent are frequently inbred so that results may not
" necessarily reflect the dynamics of infection and nutrition interactions in na-
tural populatious.

B. Timc Relationships

ests that nutritional status undergoes
short-tcrm, as well as long-term infiuences, It has been shown that starvation
of relatively short duration can influence the outeome of infection. More re-
cent studies showed also that satisfaciory food intake of very short duration
[26, 27] can abolish much of the adverse inipuct of deficient nutriture on in-
fections. Lonu-term effeets are also possible. This is shown by a serics of stu-
dies with prenatal and perinatal protein deficieney in rats proved syncrgistic
with postnatal infection even aficr “Tull’ rehabilitation as judged by ordinary
growtn parameters {14). Action programs nead more information on specilic
time relationships influencing interactions of nutrition,andinfectiony spaeially
the c¢ficets of nutritional supply during crucial phases of lile (prenatal, carly
postnatal, weaning, cte.) and the relative impact of nutritional intake at vary-

Limited evidence availuble sug
it

J
"

ing intervals before or afer infection or vaccination.

C. Antibodies

Antibody synthesis is reduced in protein and amino acid deficiencics. In
untreated kwashiorkor there have been reports of inability to form circulat-
ing antibodics to typhoid and diphtheria vaceination. In borderling matnutri-
tion results are less uniform, but supplementary protein intake rapidly in-
ereases the ability 1o forna antibodies. Antibody titers tend to be correlated
with the guantity of protein consumption during rehabilitation. Yellow
fever vaceination did not lead (o the preduction of antibodies in 8 children
with kwashiorkor while o such effeet was observed with pelio vaccine.

Endosenous svathesis of immunoalobzlins seems to be triggered rapidly
by antigens and it may be that dictary therapy in a malnourished individual
may change the level of immmnoglebulins in a shorttime. The fery studics of
immunoglobulins in kwashiorkor do not yickt a consistent pattern [25). A
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possible explanation may be that those individuals showing no interference
with antibody praduction micht have baen patients in whom the tests were
carricd out after dictary therapy had been instituted.

Little is Lnown about the eflect of inanition on antibody formation. One
study in sturved niice showed a siznificant though not very markad decrease
in the development of neutralizing antibodics agniist western equine ence-
phalomydlitis. Specitic vitamin deliciencies and their influence on antitody
formation have been recently reviewed, An extensive serics of ¢ pariments
led AxtLroD {3] to the conclusion that pyridozine and puanthothenic azid
deficiencies have a specitic efivet in interfering with the production of anti-
be.dy-forming ceils. With other vitamin deficiencies no consistent effects on
antibody formation were observed.

D. Cellular Bmmune Response

Cellular imiaune response can be observed in phazoeytic activity and
lymphoeste-mediated phcioiiena such as delaved hypersensitivity, Cellular
immunity is particulat by important as the primary delerse mechanism against
chronic infections such as Mycobacterinm therculosis and M. lepiae,

Both generab undernutrition and protein defiviency result in atrephy of
the liver, spleen and veticulo-endothelial tissues and leukoeyt: e responsg is
defayed. The leubocytes that ave produce «J under these circumstances are
binchemically different from rormal eclls: their plycolytic activity is deereas-
¢d, their capacity to Lill bacteria is 1ess than normar, A reeent stindy [23, 29]
of M. lepracnuriznt infection in protein-depleted mice showed that the in-
fection davelopad vindicr and spread more widely than in control animals,
The levhoeytic 1espon’e to intraperitoncal infection was less pronoun. odin
protein-depleted animals, wnd macrophages were not on'y less numerous but
also statier and more fraoile, The nuniber of bacilli phavocytised by both
types of cells seemed cqual, Macrophiges from protein-deficient animals,
however, filad to develop the normal Golei apparatus ang L had Tower iys0-
zome cuntent, instead they developed marked abnormalities such as sequas-
tering same of their own eytoplasm, Thuse macrophages alse failed to res-
pond to infection with the usual increase in enzymes.

The delayed hyprsensitivity type of eellolar response s related to thymic
activity, This gland is cominonly atrophicd in m: inourished ehildren, Many
clinicizis report that the tuberculin test is suppressed in malnutrition. A
recent stuidy showed that such suppression oceurs both in marasmus and
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kwashiorkor [25). Whether this phenomenon is related to the hyporeactivity
to tuberculin following infections such as onchoceriasis, measles, or general
debility, is not clear.

Considerable rescasch has been done on vitamin deficiencics and cellular
. immune response. Vitamin A deficiency, and ascorbic acid deficiency, if
sufficiently severe, can interfere with phagocytosis. Pyridoxine, folic acid and
vitamin B,. deficiencies also interfere with the production of both macio-
phages and microphages.

E. Other Defense Mechanisms

Tissue inteerity provides important barriers against penetration and
spread of infections, Many nutritional deficiencics are known to interfere
with tissuc intearity: particularly vitamin A deficioney, avibofiavincsis, pyrid-
oxine deficiency. avitaminosis C, pellagra and severs protein deficiency.
Typically synergism occurs with these deficiencies. butthc relative importan: e
of tissue intesrity as compared with other mechanisims has not been defined.

Wound healine and collagen formation are Jnown to be adverscly in-
fluenced by protein. amino acid and aseorbic acid deficiencies. Thereisas yet
Jittle to conneet these abservations with the clinical course of infections,

It has also been amply demonstizted that severnd forms of mahutrition
alter types, numbers and distributions of intestin:] bacteria, Some research
shows that such changes in fora may lead to decreased resistanee fo patho-
genic agents. Alterations in motility of the bowel secondary to malnutrition
may also play « roke.

Several general defense mechanisms against infections are affected by
the endocrine status of the host. Endocrine activity in iurn is altered by
nutritional factors including conmon deficiencics such as those of protein
and iodine. Starvation and marasmus can modify the general stress responsc.
sart of the interaction between nutritional deficicnsies and infection is al-
most certainly mediated by endocrine changes.

V. Practical Implications for Human Pepulations
Clinical and cpidemiological studies in human populations have produc-

cd mamy reports of synergism but none of antagonism. We now have suffi-
cient information to proceed with planning applicd programs for particular
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target groups such as preschool children, mothers, patients with chronic ill-
nesses and elderly persons.

Jy any criterion, the most important group of synergistic interastions
occurs in children below 5 years of age, The most serious public health im-
pact of such synergismi appears to be in producing permanent deficits in
physical and miental development of children. Although physical stunting lias
long been recognized, studies ol reduced mental performance are more
recent [21]. '

Duta 0'1 mortality are more readily available. In developing countrics,
from 14 to 15 of all chiliren die before reaching adulthood. Mest of these
deaths cecur meL the age of 5 years and especially during weaning, The
chances for synergism are numerous, The child vsually must make the difli-
cult transition from breast feeding to an adult dict with little or no transitional
weaning foody, The resalting borderline nis dnutrition leave: no resarves cs-
pecially because of the grat demands of rapid growth, During this peried
also the infant living in poor envivonmental conditions is exposed for the
first time to many now orecnisms, The lifelong process of building immuniiy
must be started wihen Ihl.!h.’\‘.l.ll status is tost precarious, Many of the ill-
nesses and deaths are caused by infections which would not be scrious for
well nourishad ehitdren. Fictd studivs in Bengal [6, 12). Guatemak [13], an
Panjab [RERC, unpublished] show the tremeandous lowd of infection that
children in viliaee communitics carry through their carly years,

The nutrimu...l drain of preepancey and lovtation is another period of
particolar jzopardy. Durinz this time, the hazard ol synergistiv interactions
with infeciions for both wother and developing child must be recopnized.
This scems 4 commonsense conclusion even though specific daia are limited.

Another important group of synergistic interactions oceur in chironic
endemic diseases, Tuberculosis 1s porhaps the best documented example of a
condition in which two-vay interetions can be readily traced. Tubereulosis
infection produces a severe drain on nutritional status. Several spoeific nu-
trients have also baen chewn to be important in maintaining resisiance hoth
to preveat clinical disease and to maintain an appropriate therapeutic
reginme,

The elderly 2lso require particulir attention to the recognition and care
of synergistic interactions, Tiey may beconie stseeptible to borderline mal-
nuirition breause of inadequate care, lack of appetite and diverse hudirect
effeets from other ailments. Siznificant onporfunitics for nutritional inter-
action with infvctions oceur especially in tie environment of institutions for
the care of the cldeqly.



Nutrition and Infection 221
VI. A Practical Syucrgisin of Services

Evidence of interaciions between malnutrition and infection, however
interesting scientificatly ‘1L have practical relevance only il this knowledge
helps to improve healii.  ozrams, More important than the finding that
synergism oceurs between the 2 types of conditions, is the question of
whether health and nutritional services can also be synereistic,

Common sense supgests that prozrams for controlling malnutrition and -
infections should be intearated. Previous field trials and control programs
have usually been divected towards onc ortheother, Rescarchresultshavebeen
interpreted primarily according to the scieniific discipline of the research
worker dotng the stedy, Services are typically separated evenut thevillaeclevel

One quastion that has received some study is whether nutrition or in-
fections disease control is the batter and more cost-cfivetive means of break-
ing the synergistic evole, A S-vear study in Guatemala made such a compar-
ison [20). The children in 3 villuges were studied, with 1 proup receiving
nutritional sunplements, anothzr intensive medical care and sunitation, and
the 3rd serviinasacontiol, There was a light but significant eifect on growth
and development in the supplemented group [8), as well as reduced norbidity
and mortality [2, 7, 22]. Th : pregram ef medical care and sanitation did not
influcnce morbidity, although there was o slight reduction in the number of
deaths {20). .

The ebvious need has been for ficld experiments to test what, can be
achicved by a syvnergism of services providing both nutrition and infection
control, Such in experiment has been underway sinee 1966 in the Narangwal
Rural Heatth Rezeareh Center, Punjab, Tudia, under the Johns oplins Uni-
versity Departinent of Intzraational Health, The experimental design pro-
vides for diflerent service progrems for childien. 0-3 years of agze. in - groups
of villages, In 1 group nutritional supplements andd disciise care are combined ;
in2other groups cach care program is provided separately: and the -th group
serves as i control, Al service programs provide a minimum package of child
carc which can b delivered theough mcdical auxiliaries (Jady health visitors)
supported by ateam of physicians and public health nurses. Detailed rescarch
data are also collected 1o permit caleulations of both costs and benefits.

In planning the nuiritional supplemeatation program we decided not
to try to get all children to attend feeding eenters. Such efforts often reach
mainly the better nourished children with the food from the center merely
being substituted for their usual diet. The nutrition program is based on
intensive nutition education, regular weighing and selective feeding. All preg-


http:syner.rt

Tavion/DISwWirsr 222

nant women and mothers of children less than 3 years of age arc encouraged
{0 attend nutrition classes and are routinely visited at home. Actual supple-
mentation is confined to those mothers and children ‘who need it’. All chil-
dren are weizhed every month for 9 months and then at increasing intervals.
A weight chart [10] for cach child is retained by the mother as an cducational
device. Need is defined in terms of weight for height for expectant mothers,
and weight for aiec for children. Both for mothers and children hemoglobin
Iess than S g, or the presence of infectious discases such as tubereulosis or
measles, also serve as indications for supplementation. Close follow-up of
thoss sclected for supplenentation includes home visitine as a ~egular part of
maintaining motivation. Food supplements ave prepured with particuiar at-
tention to palawability and local aceeptability, and with specilic attention to
compensating for the nutrients that the everyday dict lacks, In the Punjub,
general undernutrition and marasmusare much more frequent than kwashior-
kor so supplements provide cilorics, protein and iron.

The medical care program focusses on control of the major preventable
discases of childhood. Vaccinations are provided acainst diphtheria per-
tussis, tetanus, measles and tubereulosis. Proper timing of vaccinations dur-
ing seasons when children are most healthy and covering inimunizations with
extra nutritional suprlements may bemportant beeause of potential nutri-
tional dumage from vaceinaricn., Simpic medical care provided by avsiliuries,
with ready refeeral to doctors on weekly vigits or for emergensies, altempts 1o
Jimit the severity and duration of the common ailntents, especially gastro-
intestinal and respiratory diseases, Cultural practices such as inapproprizie
food during illnesses and strong local Deliels that the shadow (parchinwan)
of an evil spitit is the cause of marusmus, require yauch innovative adapia-
tion of services, Preliminary analysis of partial data does not yel provide a
clear picture of the results of the varions experimental inputs. The longitudi-
nal growth data covering 917 children for the period from September 1968 10
June 1970 show that the growth achieved did vary according to the pattern
of service. An analysis of covarianee (with age as covariant) chowed Lhat in
addition to treatinent, caste and sex also were important in producing
ariations in growth patterns, Chiklren over 1 year of age (both scxes in dif-
fercat caste groups) 1eceiving nutritional care consistently showed better
growth curves than those not receiving nutritional cire. In June 1970, 21
months after starting the fishd sctivitics, a clinival survey of the nutritional
status of atl 1411 study children was done. The clearest ditlerences were ob-
served among low-caste children. T low-caste groups yeceiving nutritional
carc 240335 (72 %) were judged by o pediatrician to have o signs ol nutri-
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tional deficicncy, while in control or clinical care villages 42/69 (61 %) were
considered to have no clinical deficiencies. Nutritional care alone scemed as
eMective in reducing clinical malnutrition as Jid combinad care. Among the
higher casics similar differences were noted though they wereless pronounced.
Cases of extreme marasmus were found in all castes, but in the nutritional
carc villages there were 4/930 or 0.4 741 in the control and medicat care groups
there were 8481 or 1.7%. In villages receiving nutritional care. the average
hemoglobin level of chiklren (0-3 years of age)was 9.6 ¢ % as compared with
8.4 g % in the madical care and control groups. This clinical nutrition survey
indicated that both nutriticnal care alone and combined care equally improv-
ed nutritional status. There was no improvement in the nutritional status of
medical care groups. The results of this ficld experiment show that it is pos-
sible in rural India to improve nutritional status siznificantly by using madical
auxiliaries in the Naranawal patiern of nutritional care provided cither as a
separate service or in combination with medical care.

Morbidity from infectious diszase was the sccond major output variable
used in measuring the benefits from the various service progrims. A preiimi- -
nary analysis covers the period September 1968 to April 1970, using as a
rouzh measure of morbidity the numbsr of days any symptom of illness was
reported. In clinicul care villuges, the ‘itness days’ scemed not to be reduced;
in fact, there was a slight increase in comparison vith controls, In nutritional
carc only villages, ‘illness duys’ declined soraewhat. In the combinad nutri-
tion and medical carc villages the decline was somewhat more impressive. If
this finding is confirmed by more thorough analysis, the syncrgism of scrvices
will be justified. ‘

Conclusion

Perhaps the preatest health hazard in developing countrics is synergism
between malautrition and common infections, Most cases of clinical mal-
nutrition are precipitaied by the heavy lead of infections to which children
are exposed under poor eavivonmentil conditions. In addition to the dircet
effeets on morbidity and mortality. such maltrition produces lifelong se-
quellac of retarded physical and mental development, In addition. most in-
fections are made more serious because of reduced resistance associated with
cither borderline or clinically appareit malnutrition. The conumon chikl-
Linod infections that cause only transitory disability in the well nourished are
often fatal or permanently Jamaging to poorly nourishad children.
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For practical programming, a syncraism of services is obviously required

for the control of synergistic interactions between malnutrition and infee-
tions. Sucli combined approuches should include the simplest and most
direct mvasures for preventing . nd treating infections and for providing
* adequate nutriticnal supplementation. Service packages have been developed
which can bring simple and effective comprehensive care to village homes in
developing countries.

10
I

References

Acisox, R, M. The envitonment and the growth of children. hish J. med. Sci.
1: 11 (1959),

Ascon, Ly Guzsax, M, AL Scirimstaw, N, S, and Gonoox, I, K. Nutrition and
infection from astudy in Guaicralon villagzs, 1939-- 1964, 1V. Deaths of infants and
preschool children, Aich, environim, Huh 15: 439441 (1947),

Axriron, ALK Innuse processes in vitamin deficiency stutes, Amer. J. ¢lin. Nutr.
24:265-271 {1971).

Cravaey, S, W2 The influence of nutrition upan resistance to infection. Physiol, Rev.,
242 308 (19249,

Grueiur, Vs Sussir, MG and Nowar, A Doficler! thizmine pyrophosphale and
bleod ohha-kevarlutanic-prravate refationships ¢.ring febrile luman infection.
Metabolisim 182 760 .79 (1viw),

Gourneen, S, L baserer, 1 G Charrerice, B.D.; Jacors, B., and Ssex, Re:
Acute unditivientizied human dardion n the tropics. 1. Alterations in intestinal

Goupox, L E. Ascou, W Mara, LI Guzaax, M. AL and Sere. daw, N S.:
Nutrition wad Bdecden fiold sivdy in Guatemalan vilinges, 193941951, VI, Acute
disrrhes! discise and netriticnad disorders in seneral discase incidence, Arch,
cnvirowm, Tt 75 424037 (100,

Guiznian, MAG Serisstiag N, S Dreen, H. AL, and Gorbon, 1. F.: Nuitition
and infection field study i Gantenivian viilages, 1959219614, V1L Physicael growth
and devilopmient of preschocl children, Arch, environm. Hith 77: 107-118 (1968).
Honesveain, Mo Hrosania, A omd Bavee, AL The effeet of poiessinm and
magnasiua detieney on the course of Infleanza and Semlisi virus infection in nice,
Zbl Babt, Pura Gide (0 ADbL) Joes 1924196 (1967),

Rinag, Mo hediaal care in dovelaringe countrics (Oxford, Nairobi 1964),

Kyavrr, Rooond Wankis, 10 S, 5 he etieet of calorie and protein rednutrition on
bt e pacasits and the heat in zeute murine schistosomisis manzoni. J, infect.
Dis, 120 500 875 (10G9).

Rrouse, Wop oG, BB Chatanont v, SOML; Courin, MR KELLAsy, H.;
O1a, M., and Savin, KoV A twesyaar respiratory viros survey in four villages in
West Benpal, India, Aner, J. Enidem, 92 307-319 (1970).

Mata, L3 Ukt 1L, and Liaitig, A Infectien ond nutrition of children
of a low sociveconomic rural community, Amer. J. clin. Nuir, 24 249 (1971).



http:IAh:.i,'.IA
http:Guatcni.an
http:k"aoi.mI
http:j,.2s.cs

Nutrition and Infaction 225

14 Newnrexe, P, M. Wiusox, R, B,, and Witrtams, G.: Effects of severe and marginal
maternal lipotrope deficiency on respouse of post-natal rats {o infection. Brit. J. exp.
Path, 51 229-233 (1970),

15 Puieiars, 1. and WharioN, B.: Acute bacterial infection in kwashiorkor and maras-
nmus, Brit, med. J. i: 407109 (1968).

16 Tovrrack, H.: Discase as a factor in world food problems. Aner. J. clin. Nutr, 27;
868- 874 (1968).

17 Rowrrisow, E. C.: The vitamins and resistance to infection, Medicine, Balt, 13. 123
(1934),

18 Ronvir, L. M, and & «oN, I, C.: Influence of the dietary history of test animals
on responses in pli.sacological and nutritional studics. Amer. J, clin, Nutr, 24:
947-951 (1971).

19 Scnxunrk, H, A.: Ecologieal ectoerines in experimental epidemiology, Science 158:
597-603 (1967).

20 Scrismsiiaw, N, S.: Synergism of malitrition and infection. Lvidence from field
studdivs in Guatemala. J. amer. med. Ass, 2/2:1685-1692 (1970).

21 Scrivsitaw, N, S, and Gonrvox, J, E.; Malutrition, learning and behavior (MLILT,
Press, Cambridee 1003), '

22 Scrmsiaw, N S.; WWZMAN, M. AL Froars, M., and Gorbown, 1 E.: Nutrition
and infection fickd study in Guat:malan villages, 1959-1964. V. Discase incidence
anong preschool children under natural vilinze conditions, with improved dict and
with medical and public realth servives. Arch, environm, Hith 16 22 -234 (1958).

23 ScriMsHawy, NS Tavror, C I, and Gowon, J. E s Interaction of nutrition and
infection. Amer, J. micd, Sei. 2370 3 (1959),

24 ScRivsiAaw, M. S.: Tavior, COE., and Goreox, ). E.: Interaction of nutrition and
infection. WO aosoar, 37 (WO, Geneva 1565).

25 Waison, TLE, and Frois AN, Cos Timmumeslobuling in protein-calorie malnuty-
tion. Arch, Dis. Chilsh, 5 282:284 (1970, .

26 Wounnuir, ). E, and Kot roussg, B D.: The intivence of qntitated post-weaning
undernutrition on Covackios irus Byinfection of adult mice. 1. Vival persistence and
increased severity of esions, J. infect. Dis, 1272 137163 (1970). '

27 Wooonvis, 1L F.: The inthuenee of quantiiaied bost-weaning undernutrition on
Coxsackicvirus By infection ot adult mice, 11, Alieration of hioat defense mechanisias,
J.infect. Dis, 127 164181 (1970),

28 Yanc, H. Y, and Sersss, O KL Tntracellelar modulation in cellular immaunity,
I, Morphologic studics in murine Leprosy under conditions of immunity enhance-
ment and suppression. nt, I, Leprosy 37: 111-129 (19069).

29 Yawa, H. and SKsests, O, Ko Intraeollular modalation in cellular imnumity,
2. Maciophage enzymes in immunised, protein-depleted avd control mice duriag
M. Jeproemuriue iviection, Int. J. Lepresy 37: 252,262 (19),

30 Youxu, V. R, and Serissnaw, N, 8.2 The physiology of starvation. S, Amer, 225;
1421 (1971).

Authors® address: Dr. C. 1. Tavior and Dr. C. Di Swrreg, Department of
International 1calth, ol Hopkins University, School of Bygiene and Public Health,
615 North Wolfe Street, Baltincore, MDD 27205 (USA)


http:Lepu,.sy
http:dtrri.rg
http:po.51-Y.ea

