
PB-225 642
 

NUTRITUON AND INFECTION 

C. E. Taylor, et al 

Johns Hopkins University 

Prepared for:
 

Agency for International Development
 

1973
 

DISTRIBUTED BY: 

National Technical Information Service 
U.S.DEPARTMENT OF COMMERCE 
5285 Port Royal Road, Springfield Va. 22151 



BIBUID)GRAPHIC DATA i cnN.-. 	 2 /
SHEET 	 3 -723 

7.Aiti: ) 	 B. PtYr for ii Org mijzazior. Rcj :*~ r ( / ~No. 
9. 'vl Uinz miNt adA'!v 	 10. IProji'ut/TLs k/Work UtJ~ No. 

~ IL 	 / 11. COIILr~lt./GJranit No. 

12.~e n 	 !~~6Vfi,'/d 4pi~:n;(hI~aimNLn~/c/~$i 	 AID/Csd-l1Q-'o 

12. a ol,- s tali m 	 13. Typv of leriodtpi-;I ateNim A,ldrcss 	 P'r; 

Vil 5jcn, D.C. 205231. 

I j try INorcsST ':it 

16. . : 

t',i-L rrgeatcsL hcLth iiazafd in cieveloning countries is syrterdina betuween ii:a1
ni -:~cIcomxn;,on infc.ions, 1Mos' case-, of clin~ical mo~nutritTon are m.ecipi1tatc. 
by... oad. of nc J±on .fmJCaj Ch.L.rejj t xposc pcor e1vLLu.rucL 

con.1' in arldcitio:. to the dir.LCct effcctz,_ on ixut,1.lditjy andj ino-taLity, suhial
.~ ~ccs :uclon, .cmuc11ctc o§t'~ dC p~~:CUI ac.mn de'relopir'ent. n 

inc~:foct:Lcnc u c~rI.,, -,~.c .ni;.vas. bcvuzco of rcdluc-d rsstnuassoc:'.
-Ate oTcii:L.r )o'.ti chJLi.rlho_nirn;paIi~~d;Ln.'jhr~c~;o 

inc. :1.: that _,ame ~t~ t-:.rIsj-to-ry disabLLy in Lh ! wecll riot vished arc_ often f atvil 

S 	 is .rCiu Jxeri the...... pro.§: o.r;Ir;r ob)vioufly 'or co

mainfecl for iu0 dc ir ~ .'~ *' '~ '~no.1mosani ar: 	 rcrn.i Syoriie 

_-__1:cuons r.n I'OVru1r t iitututonal suj:pJlemc-Itat.ion. Service~u-c 

:1-1-a::C.. ~emO~lC. 3h5 hc . slinpie and effectivo compr.z.hensive care
 

to ho-.v. in .Lag otic
aos :: 

Rc-p~oduced by 

NATIONAL TECHNICAL 
17b. I9 i.rOpnhddi.msINFORMATION 	 SERVICE 

U S	D,Partrnf of co- nwrcf. 
Spir,,f;,dd VA 22151 

17r. (.()-,A 11 I ivh,!/Group ~ ..	 ~__________ 
19f. Sul tirity (:Chs Ibs18. Avii ii I iry Statcnitvnt 	 11 21. No. of Pm'ap

Rvporr ) 

i V. 3* 72) 	 UiCOMM*UC 14t 2-7 



Food, Nutrition and Ilcalth. World Review of Nutrition and Dietetics, 
vol. 16, pp. 203-225; cd. by M. Rechcigl, Washington (Karger, Ilascl 1973) 

Nutrition and Infect-on 

C. E. TAYLOR and CECILE DiSwEr'rFrR 

Departmecnt of International I cal:h. Johns Hopkins University, School of Hygienc 
and Public I lcalth, Bkaltimorc, Md. 

Contents 

I. Introduction ............................................... 204
 
u. Eftfee of Infections ol Nutritional Status ............................... 207
 

A. hnfluence of infections on Protein Metabolism ........................ 20S
 
D. Influence of Infections on Carbohydrate and Fat Mctabolism ........... 209
 
C. Influence of Infction on Vitamins and Minerals ..................... 209
 

. Influence of Infections on Growti .................................. 210
 
1,.Sum mary ............................................... 211
 

111. Effect of Malnutrition on Resi'tance to Infections ....................... 211
 
y on Infections 212A. InfluCncC of Protein lDeficiki ......................... 


,
D. Influence of Vitamin Dclieictie on Infcctions ..................... 213
 
C. Influence of MineMll DMfilencicis on Infections ....................... 215
 
D. Influence of Indnition On Infections ................................ 215
 
E.Surnnmury of the Ff1ects of Malnutrition on Rcistance to Infections ...... 216
 

IV. Mcchani;nis by %%hichNutrition Influences Infection ..................... 216
 
A . )lost Ch:tra kteritic 216.. ... ....................................... 

11.Time Relationships ............................................... 217
 
C. A ntibodhis ....................................................... 217
 
D. Cellultr hmn tun. Rcsponsz ......................................... 218
 
E. Other ])cfcircT M ehanisms ......................................... 219
 

V. Practical Implicat ioni foi Il m.i 'opulations ........................... 219
 
VI. A Practical Synergr.ism of Scr\'iccs ...................................... 221
 

Conclusion .............................................................. 223
 
Rcferences ............................................................... 224
 



204 TAYLOiRL/0LWS w L -. el. 

1.Introduction 

Malnutrition and infections interact le produce most of the disease and 

deaths among thp poor people of the world. An!1 children, the 2 condi

tions combine not only to ilc:'ease ho: bidity and mortality, but also to pro

"ducelitL~on ictlits in phybical and icntal devlopnkLent. Among adults, ef

as defi ife, especially fur particular infect ionsfects are less damtic but j u.,t 

such as tuberculosis. 
Interactions arc Cy'Clic, in that infecctions produce malnutrition, and mal

occurrnce and severity of infections. The interactionnutrition increascs ih 
best be visualized as ais progressive so that the typical cal hyndrome can 

(owNwa rd spiral rather than a vicious circle. 

In this chpter evidence is marhal led to illustrate basic 2eneralialtions 

but no attempt is made to rCviCw the literalture. For that we refer to an 

exhaustive review o1 au.:,llble labor:tory, clinical and field evidence in. a 

bilhcd in 196S [2-ij. ]it this presentation, data have benWI tO Mouo21raplh ',1: 
vheisuch stidies w\ere avadlable.selected from obrvatioils in Iitnn,-
,ivin- specific references the originalWhere ,encralizations vre made W oitiout 

irticls can ticicadivly founld by rfcliring to appiopriote sections and tables 

am ciff:rt to include the relatively fcwill the mc.io,'apl [71]. \"e'hWve made 

reports that have ben published since 196 ,.We have del;1vratclysubstantiv 
.s of ihlaportan to pl:uris and tdn'iui:,Itatried to focti, on pi.ct.cal iss: e 

tors of health and nuiriii'hn proyranls. A concluldin. ,,-ction reports on the 

ti:S to evalhuite v.hether the basic prinei',cs presen teIdresults o!' recent field 
here canl he appl icd in control pro ar:nls. 

together,flistorically, Cpidelmics and ftanID'W hae typically occurred 

are inil,cnced sifily by soial disruption, wars andpa,rtly ath 
tinderlying social forcesnalural dis:sters. Ecn in norm-', ines the same 

wascontribute tc boti !lalntnrition and iii f.ctions. lor some time there 

uncertainty whtcelir the corrclattions betwec i nutritional deliciencies and 

inf'ection wre c:Itlsd Iv co llmon ciLcerininantis iii ccoIO:2y and culture or 

whether there indaicd int,iractions c the 2 types of convr.'r direct htwcit: 

hav,. abuniant c\idelne that relationships are both indiditia.s. \We nlov.. 
of eLdmic inlectiol mayrect and direc,. For in st:1,ne, a hiH ih 'ralCn0c 

of'physicolIvcakness or disiuiterestreduce cornin lity p;odnet iity becatis 

in worL, or because Mhole geogalphcal areas are closed to agriculure by 

malaria, onciocciciais and schistosolia:sis,. Either maldiscai s such as 
nutrition or infection inov influence cecoitonmic stttUs Which in turn predis

i)oses to most diseases and deliciciuies. Although such inudirect inter
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actions are powerful and important, the fo,us of this chapter is on direct 

relationships. 
lntcratiion bete.cen malnutrition and infection mnay be synergistic or 

antagumistic. Synrism is a term used \wn iniection interferes with normal 

to infection; a.gravationnutrition or m:lnutri'ion lovers host resistance 

of disease resuhs because the com.bined impact of both is grcnter than the 

sum of individ:- effects. Antagonini is the reverse situation vhen the con

biped inpact is les, thm voul. be expected fRom the sum of individual ef

idnti tied only in conditions in v'hich nutritional (leftfects and h.as ,.en 
ciency limits the Ab.ly of an infcctious agont to cause disease. In this dis

cussion we \vill ti:e thcse terms to indicate net effects on the host. 

Althou,.. ma lntitrition and infection have long been asocitted ill both 

poptular and medica"l folklore, evidence for di c.t interactions became avail

clinical reseArh. Severlable only with the development of laboratory .nd 

separate streanms of investi.,ation converged ii tie corly years of this century. 

Some of tho early studies cf human nutrition showed that diseases such as 

balnce and othcr evidence of nutritionaltyphodl lId need eiIro alan 

deterioration. Laboratory vorLers studying inf,.ction in alnimals found by 
state. Similarly,chance that re:istance was grea'lv in luenced iy nutntiona 

studying sp)ecific vitamin and oilier delicicncies had exlaboratory \vore s 
periments ruincd by frequnent cpidcmics of intercurrent infez'tions in their 

animals. A prioI of concentratCd latbo:'atory activity l'prodlneLd many re

ports oflo.,s of reistance to btelrial illfectins roduaced by specific vitamin 

and other doIii,:i.. The uinfortunate sequcla was that since ,irmins pro

duccd a dramnatic reduction in infectiols wvhol fed to defiiclt animals. the 

unjustified extrapqolaion wts made thtt they Vould also protect normally 

nourished hofmn. The continuum comnmcminli.<ation ofvitamin; by tfle drug 

industry based on poorly sub.,tnnt iatd cl:ims o1" a nti-infeetive activity of 

specific vitat/in ., even in the well nourished, has contribo lt:d little except 

confusion. NCv,:thclCss. it is imnportaut to maintain the persp'ctive that 

sywr.nein btwen a\i itaninosse and infectiois is a clinical realilty, Is is \veil 

11 of tie subsi atial body of labora(locUImelItCd 'y 2 cent iviews [-1 

tory evidence available in th." 193On. 

Understanding of those rClat ionli ips became particularly confused dur

ing and after World War 11. R:apidly cxpanding viruIs researc'h Itulblcd on 
cies of sp e ilc nutrientscontradictory' find ing-s in laboratory animals. I)elicil3e 

interactcd with both viruses and intracellular irasites to produce antago

nism as o1ten as synergism, and even more commonly the intcraction led to 

:ateration in expected effects. M\uch interest immediately fono observable 
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cussed on antagonism because of the hope that better understanding of me
chanisms inight lead to practical control measures. 

A series of review articles and contlreices concluded that no consistent 
patterns of intcraction ktw cen mahlutrition and infction could be defined. 

t was stated that separate determination of interaction patterns wvotld be 
necessary for each conibinatioa of infectious agent, host and deficiency of 

specific nutrient. 
A major contribution of the review article by ScrINISH:WNct au. in 1959 

[23] was to conceptualizc the patlerns of interaction. lspecially needed was 
reconfirmation of the basic princiol tht in humans svnerisim is the rule, 
and clarification of the fact that antagonism has little practical relevance. 
Antagonism is a labo:r-tory finding of considerable interest in animals, but 
it has never been do'umanted in humans. This is probably dile to the follow

in facts: in human POl)tllations nutritional deficiencies are seldom so specific 
as to be more dam::inc to the ag.-ent than to the host; deficiencies in nman are 
usually not as severe as those produced in the laboratory; aid even with mo
derate defi'iesicie the gceneral loss of resistance leads to many synergistic 
secondary inflections. 

Interactions of nml:,utrition and infection vary with time, place and 
pC;son. The most seriouls cx:amples of synergism in human populations are 
in ituts and w"valig-ae chilien. In traditional societies supplementation 
of breast fedin,- is started l:ite and ia instifiict amouts. J:LF.ill.'odUcl d 

the term 'brea st stai:tion' for the cultural practice in which mothers place 
sole reliance on breast feeding A.- beyond the period when the voluime of milk 
can satisfy the child's devalopmenta'l n'eds. Caloric starvation leading to 
marasmus cnaaiso resu from the use of we:ning foods so ilute or lackin,
in effective autrien ts thdt the bay etvc ot consume ni stificient qtantity to 
meet his needs. In newly urbanized av':is, carly subs ituLtioli of diliute artificial 
feeding for bre:isl fe.d ht.. is incrcasialy cominon. In traditional societies 
vealnin,,. food , are st:archy with little or no -.ninial protein. Particularly haz

ardous ire dietary prate.'s which prescribe the use of such 'deficient diets 
whenlhe child is ill. 

Ihe child under 3 yars of age is p tictularly sus:CCptible to infections. 

Acquircd immunity h.s to be built up throuigh rapid exposure to the in
lnlerable infCCtious a'!,z:its v.hich crov.'d the home environnent of poor 
peopie whether rural or ui ban [6, 12, 13]. The child is constantly C.expo:;cd to 
infect ion as he crwl's a botit the nind floor or is carried alrotund a crovded 

village. A particularly ti iiing synergisin is the rapid onset of malnutrition 
following comnlon childhood discases such as measles and whooping cough. 
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'Vcanling diarrhea' is also one of the most common and damaging preci
pitating causes of malutritioni inldeveloping areas. Diarrhea has long been 
known to produce much ofthe morbidity and mortality in this age group and 
we now know that it also contributes to malnutrition. The ctiolo-,c anent is 
usually uncertaia since the organisms found are also harbored by asympto
matic carriers in the same populations. 'Weanling diarrhca' cannot be attri
butcd to infections or to mIalnutrition alone. The syndrome combines both, 
and the i:icidence and severity of the diarrhea depends both on an infectious 
agent and on malnutrition. 

1". Effect of Infections on NutritionalStatus 

Many cases of clinical malnutrition in dveloping countries are precip
itated when an infectious disease attvcks a host with borderline nutritional 
deficiency. Malnutrition declincd in the Unit:d States and Europe as increas-
Cd knowled.c of iiutrition and dietary habits resulted in fewer persons having 
borderline malnutrition, and as the major infectious diseases such as typhoid 

also became uncormmon. After intensive research activity up to the 19?0s 
general interest in the sulbj.ecl 'aned. Developijirg coutries are now experi
enciu:,t many of the same problems that the US ad- uroel had 50 years ago. 
In the last d-c.de. acarn. world-wide rcccn;tlon of the imporllance of 
kwashiorkor and marasm us has precipitated mich research activity in the 
seatch for a cle.rcr tnde.rstandi,, of causative relationship:;. 

Infect ions interfere with Itt ilurC 0ft he h, st thrOtm'h several mechanisms 
producing both plhy:io!oni" and anatomic clrantges. Particu!arly important 
is interference wvith conip:ctory mechanisms which permit the body to 
minimize nitroz'.i loss ill u derlnutrition [30]. Such mech:iknis are over
whelmed in the cahbolism which oc'curs in i..fl'tions. Thcs. systemic reac
tions include: irnater mobilization ot prolein due to increased adrenocortical 
activity; vith ifction or fever calorie cxpnldit nre inease.ls sinificantly 
even during rest periods; generail malaise, chane2ed sensory perception, di
minished aIppetite, increased mutcus seCelion and other lo'al and general 
disturbances le:al to reduced food iuta !ce. In addition there ar1iloorly tnder
stood but import:,ant iutestinal changce. which lead to reduced absorption of 

ingested food. 
Reports of the influence of infections ot nutrition include many studies 

of bacterial and helmniuhic infections. Only a few deal with the effects of 
viruses, rickettsiae and funi.,i. The sections which follow summarize the ef

http:inease.ls
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asfects of infections on proteins, calorics, vitamins and minerals, as well 

growth and development in gencral. 

A. Influence of Ifections on Protein Metabolism 

Quantitative studies have begun to define the ways in which infections 

such as typhoid fever, tuberculosis, chicLenpox, 17D-yellow fever, malaria, 

hookworm and ascariasis prc.ducc protein deficiency. Protein metabolism 

and transport may be affected at different points such as: intestinal absorp

lion, albumin levels in plasma, circulating free amino acids and nitrogen 

retention. 
In gastrounteritis or diarrhea, decreased absorption seems most impor

tant. Intyphoid fever, urinary nitroien excretion increases to a point where 

it is virtually impos.ible to maintain a positive nitrogen balance; there is some 

decreased absorptioa but it seldom falls under 75 %of normal. Another efrect 

observed in typhoid as iln other acute infectioins is that serum levels of albu

min may decline while urea and immuno-,lobulin G increase. A similar 

to Follow intravenou; administration of ente'oresponse has bee, shown 
toxin, type B. In cxperimentally induced typhoid fever blood amino acids 

rose during the inCub-ition period but decreased following the appearance of 

clinical simus. 
Active febrile t uberculosis produced increased uril:ry excretion of ni

trogel, while a febrilc pa ticnts ma intain cd e scnt ially normal nitrogen balance. 

anmounts are pro-
Sputum also contributes to 1itro.,gn loss ald.'Luw\'hen e 

duced this may add to the strongly nc:ative nitrogen balance of active tuber
further complicatcs clinical

culo.,is. whve11' rCcognized loss of appetite 


mannatemnt directed to mainit:inilg" an adequate nutritional balance.
 

Chickenpox i ufecion prodced negative nitroen halance during active 

disease, followed by increased nitroien retcnti on for at least 2 weeks during 

which 1.5 -2 g/l;g of body weight waq retained. Even an infection as mild as 
balance. In experimental171)-yellow fC\'Cr lproduced, a negative nitroien 

serum albumin decreased after patients had ex
J'lhsmodium vivox malaria 

perienced 5-S lm'0xysts.
 

1luman adults with hookworm have dccreased intestinal absorption 	of 
be

protein and in sN'crc cases more albumin is lost into the gut than can 

explained by red blood cell loss. Ascaris hunbrihoides has been reported to 

increase fecal loss of nitrogen, but other reports did not substantiate this 

finding. 



209 Nutrition and Infection 

In summary, it scems probable that most bacte:ial and viral iqfections
have detectable adverse influences on nitrogen balance. Several of thcm are 
known to be among- the main precipitating causes of kwashiorkor. Limited 
evidence on protozoal and hlcminthic diseases such as malaria and hook
worm indicates that adve-se effects on nitrogen balance are rougihly propor
tional to the parasite load. Prcsumably, any intestinal parasite present in 
large numbers would interfere with intake, absorption and retention of pro
tein. 

13. Influenec of Infections on Carbohydrate and Fat Metabolism 

Little is known about caloric loss in infections. For each cleree centi
grade of febrile response, basal metabolism incrcatd about 13' [161. A 
series of chills has been calculated to raise a patient's daily caloric require
ment lo as much as 5,000 cal. 

Carbohydrate and fat metabolism may be afifcted !'y infectioas. Plas
modial par.!silemia in a.,imuals and in man provokcd hypoglycemia. L.iver 
and munscle gl.eoeet dcrcased tremendously during fevcr, cspecially when 
the intake of carbohydrate was limited. Staphylococal cnterotoxin and 
tul:remia similarly increased ,lucose Utilizitiori and pro\volcd acid osis. 

It is probable thal almost ll ifCections sharply increase the demalnd 
for enerny sourccs such as glucose. The fiequency of hypogl.ycemic death 
in k'vashiorkor has bcin correlated with Sublinical and clinical infections 
[15j.
 

Infections have also beca, reported to increase the amount of fat in the 
liver and may also increase fecal fat, but the clinical significance of these 
changes is not clear. 

C. Influience of hnfections on Vitamins and Minerals 

A minber ofstudies of he influence ofinfections 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 in persons with a latent deficiency. Xcrosis with possible
blindness is a particularly serious possibility. l'ven in areas where adults 
seldom show clinical vitamin A dleiciency, acute signs may appear sporadi
cally after infections in malnourished childre;. In such areas it may be worth 
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considering the possibility ok"providing vitamin A supplements to children 

being treated for infections. 
infections may also affect thianine metabolism. Scvcre infection with 

fever can lower the thiamine pyrol)hosphate level by as much as 50 %. This 

has been observed cspccially in patients who have beco febrile and anorexic 

or longer or who have become fel-rile in the course of debilitatingfor I week 
chronic infectiors [5]. Frank bcriberi way fellow an infection in a person re

ceiving mrginal amounts of t'liamine. 
A clear example of synerism is the finding that A~p/hyllabothrim 

latum, the fish tapeworm, requires so ntucal vitamin 13,. that the human host 

lic anemia. Tl'e role of intcsinal flora in synthesizmay develop miegalobla 
ing vitamins is wcll-known and changes in the flora may directly affect the 

supply of 1Band K vitamins. 
Clir.*cal ascorbic acid deficiency can be precipitated by infections caused 

by trypa' osomes, tuberculosis aild typhoid bacilli, plasmodia, measles and 

chicl:cnpox viruses. Vaccination with smallpox or attenuated measles virus 

significantly increased the urinary los:,of vitaniin C. 

Infections may also contribute to deficiencies of minerals, iron in parti

cular. Intst inl par-asites iaay c:usc direct blood loss. In paticnts heavily 

infected \viih hookworm. s much asI 14-45 ml of blood may be lost into tlhe 

intestine althoulh 60%'1(of the iron may be reabsorbecl. Adequate iron intake 

can compensatl for the blood loss from mild lhookvorm, but heavy parasite 

loads may producC S.'vffe anemia. 
callcd the ancmia of infection does not seiA syndroice which has been 

to result fromi blood loss, hcmovsiS or iron de1flicicy. The crythrocytes are 

11;crocytic. iic anemia occurs in association with chronic 

infections othr' thani malaria or hookv'orm. It does not relpond to folic acid 

or vitamin 13,but is apparently related to inhibition of erythropoicsis and a 

shortened half-Ii of erythrocytcs. 
Certain acute infections may prccipitate hemolysis with the backwater 

fever of malaria b.ing a dramatic cxa:niple. lifectious disease may al.o inter

fere with calciuo and phosphorus mletabolism, and diarrhea causes potas

sium and Chlloride loss. 

hypochronmic II.IaJ 

1). ilflucncc of Infections on Growth 

Growth and dvelopment are oftern used as indicators of the nutritional 

statt', of young children. Investigations of the cll'cts of infections in clearly 
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well nourished childrc. have consistently failed to demonstrate any inter

-ealth Survey, however, showed thatference with growth. T'ie Oxford Child 

in randomly chosen groups of childrcn, including those of lower economic 

status, growth retardation was di'cctly proportional to the amount of mur

bidity [1]. In developing countries, considerable stuatiqg of growth is regu

larly observed but there is little information on the relative importance of 

nutritional intake as compared with infection. Even though antibiotics arc 

widely used to improve the growth of poulti'y and swine, in children their use 

has given ambiguous results. 

E. Summary 

In summary, all the evidence indicates that most infections have an ad

versc effect on nutritional status. The public health significance of synergism 

between infections and malnutrition is greatest among persons who are on 

borderline diets. 

III. Effect of Afa ntrition on
 

Resistance to Infections
 

Through the years it has been frequently observed that famines seemed 

to be associated with epidemics following major catastrophes such as wars. 

Little scientific si,:nificance could be attached to such concurrent cvertts be

cause the underlying social dislo:'ation had an obvious causal relationship to 

both 
An observation having apparcnt practical relevance has bcen the corn

mon finding that the prevalence, severity and mortality of tuberculosis almost 
always increased under wartime conditions wheni food intake was quantita

rio'ratetively and qualitatively insufficient. Sinlce general living conditions det 
reaterduring vars, the specific dfect of malnutrition was difficult to isolatc. 

to detailed reports of several instances inscientific validity can be attached 

which qualitative improvement in diets was associatcd with reduced preva

lence of lubkrctlo.sis in spite of the continuation of other wartime co:nstraints. 

]For instance, in l.)cmark during World War I, a prolonged period of Ger

man blockade reducCd shipments to England. As a result, the Dan i:; people 

meat and dairy products and tuberculosishad to eat the locally produce.l 

rates declined markedly. Typhus was reported to be more severe armong nial
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nourished Russians at the end of World War 11 than among betler nourished 

troops. 

A. lnfluence of Protein Deficiency on Infections 

Considerable anial research of varyiag quality has been done on the 

eft'cts of potein d-licien-ies on intections. Few observations have been re

corded on humans. in mice, rats and guin'a pigs synergism bet','een protein 

deficiency and tuberiulosis was consi:tct ly demonstratcd. Similarly, syr

crgism has been reported btetween protein dcfwincy and almost all bac tcrial 

infections tested. General protein cti cicl:y has Osua ly,.'en syner it ic with 

viral infections but sp.eific anino ,cid dfi:icicies inore often have h re

ported to be an:agon tic to viral disease. l humn., so 'erc protein dclicieuey 
is said to h.ave prediposed to intreased .csverity and fatality froin mcasles, 
hcrpc. sinip!ex :i' infctious hcp:ttitis. 

Protein deficienicy has been reported more o'ten to have a svner.itic 

than a o.,.on Meet on protoo:l infections.isiic In humaw:, clinical obser

vations syt.ested that protein mo!,intrition was synergistic with )n.a:0c.;,:t 

hisioly'ic,' iafl.ctions but controlled sttdi.s were not dMYn. INfections with 

giardi:l, heaa.Nuittns Vand tricho"uca'; Were cstablihcd il carnivorous animals 

only when they were mant:nd on a ''cue! able-lbsed ct.arotin-deficient 

Protein delieienev in hibor'; ory aminil led to either svner.isn or mt;lota ism 

with both :alu:rir: and trvp:,ai:ac iMil.ctions. In on. reprt si;.'iitg ant

gon isni, p!, .mlodium iife'tions of ntic. were spcifclly d en dell, on 

mathioniie. Trypuio:.onual inILections are of i)articul'r interest because the 

patterns of intera:0ctio: shil'Ce a cordi n, to species differcnCes in both hot 

and :cent. l Idl'nliath inf'ct ions u .nally were more severe foilowi n. t:e
cxisting protein deficiency but instances of a nlagoiin have also b-en re
ported. 

Recenpt sidies oLSch/ii. to.'Wi,, ,'1)iU i finrcCtion in protci-dcfi icilt inice 

showed that syncr:,.i 'i atd ui inlteractions can co-exist [I]. In re-po;nic 
lattonr to the host, he interaction was syler.istic in that rtalitics vere n'ch 

higher, but atagonistic in that local fibrosis around li .1,s was less. In 

addition, the proteint d.ficiency had deleterious direct ctfeCcts on t!he sChitc.

sones catisioig a decrease in tie number of worms. as well as defective and less 

numerous e..s. Similar experiments with mice on a diet deficient mainly in 

calories showed eon .reater eftcots on te schistosoincs and somewhat less 
deleterious cffects on the mice. 
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Mcn with S. Inamsoli infections and moderate protein deficiency derived 
no bencfit from protcin supllcmentation, athough Wen treatment with sti
bophen was given they secned to respond more rapidly. Similar therapeutic 
enhancement was observed in mice. 

In summary, syner,isrn between protein deficiency and infections is comi
mon but antanonism has been reported with some virus and protozoal in
fections and specific amino acid deficiencies. Since protein malnutLritioa con
tinues to be. widesprcd and severe in developing areas, cspecially armong 
p'eschool children, syner.istic interactions must be given priority as a major 
public health problem. 

B. Influence of \'itamir Deficiencies on Infection 

Vitamin A deficiency is synergiskic with almost all infeclious diseases 
in which the relationlhip has been studied. Children and aduhs with xcro
philhank,, are i:2ihly susceptible to infnctions, particularly of the respiratory
and eniio -urinary systesms. Tubercul(.is is a ]nore severec disease in a 
variety of hosts (chick, mouse, rat and man) vith vitamin A deficiency.
Since vitamin A dceficin;y Icvads to inanition from reduced food intake. pair
feeding is particularly nceded to isolate specific effocts. In laboratory expcri
ments with S :loncl-, Otphhm:rhuj in meic and rats, pair feeding demon
strated that it was rcdwced food iNtake rather than the vitamin A deficiencv
 
that lowered re.sisanc.. Vitamin A deficiec 
 y in rabbits ied uced incuhatio.
 
time after oral admiaistration 
of polio virs. Rats were more susceptible to 
lT'paniosoma cr,-i t.r 13 weeks on a mitaminA deficient det As compared

with pair-fed controls. Syncrgisin was cow:istcntly obs\rvcd between
vita
inh A deficiency and a variely of hc! minths in dogs, chickens, pies, rats and
 
kittens. Vitamins 1) and 
 E have also b..ee reported to show syncrgism or 
more often to show no eli'ect in their interactions with infections. 

Dcficiency of ascorbic a.cid has also been shown to be synergistic with 
almost all infections diseases studied. A point of some interest is that there 
have l)ccII no reports of aninial experinvotts on the relationship betwveen 
vitamin C deficiency and viral discases. Clinical reports sug esr that scurvy 
predisposes to inl'ections such as diphtheria, furunculosis, and bacterial infections g,.inerally in chikhcln and to tuberculosis in adults. Scorbutic guitta 
pigs are more stsceptible to tuberculosis, diphhicria, typhus, anthrax, salmonclla and amebiasis;. The only report of antagonism between vitamin C 
deficiency and an infection was in a study of PJlasmodiun: /anowh'si para

http:Tubercul(.is
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sitemia in scorbutic monkeys. Tie many clinical reports purporting to docu
merit cure or prevention of infections in otherwise wvell nourished individuals 
given large doses of vitamin C are generally lacking in controls or are other
wise umelitb!e. 

Most studies of individual 13vitamnhs show a complex ranpe of specific
interactions with inf.cWtions. In experinenmnl animals. thiamine deficiency 
was regulrly synergistic with bacteridal infctions and often antagonistic with 
viral disease and systemic protozoal infections. Intestinal protozoan infec
tions and helmintliasis, howevcr, were reported to be synergistic with thia
mine deficiency. 

Riboflavin deficiency was synergistic with most infections studied. Pel
lagrous patients wit I stcnmatitis and circunmoral lesions infected with Strept
occocuspyogcnesshowed promfpt healing after riboflavin was piven. In several 
studies, exprimental animals infected vith bacteria. rickettsia, protozo:i or 
helminths showed svner:isn th riboflavin deficiency. One study of tho 
effect in mice of riboflavin dcLiciencv sh owed antagon ism with polio virus 
and. no eftect ol mo1.e encciphalomyclitis.
 

No consistent pattern Is been observed 
 in animal cxpet intents on 
incractions bctveen pyridoxi;ne deficiency and infections. Sycruism, :ntag
oniSm and no ef et h:mv bean rported equally. Ofpartictular in',ci est v.s the 
demnonstrttion that acte py.rid,:ine deficiency was antoinistic with prneu
monia virus of mice, but th:t a chronic deficien-y hecain synetginstic. 

Pantothina"te deficiency shotv.cd aintagonisui JIt)ic often than syergism,
espcei'ly wit i arious pl]dsiodiun inflectiolis of lbirds. No studies in I.an 
have been reported. In the few, studie-i of folic acid deficiency, by contrast,

interactions v.cre more cft ',ynentstic 
 with plasioditim infections. Folic 
acid deficiency was rcularly autaonistic with virus infections. Most studies 
of biotin (lefCeicncy ft)cu~sc.d oil protozoa and vhen in efect wa-is found it 
w It S Lita0I)' sy i Stic. 

Consider:tlle interest was stinulated by the observation that an exclusiv
ely milk diet in mice, tais and moa ,cys "as anta.on~isic to piasmodutn and 
tryp:n(wSonie infections. t was shownThis effe then to be due to par,
a nit)Lobcnz.oic acid. tieecv, a finding ofr pnrticnlar interest because this 
Inetabolite is implrlnt to pias,lioda but not to (heir io.,ts. It ham a.s, 
however, no such intl'c;tion has Meti demonstred. 

III sUmillmary, vitamin A, C, and B, deficiencies are svnergistic with most 
infections. This is of putblic health sifnificance because these deficieticiLs are 
sufficiently frequent and severe in many developing, cotntries potentially to 
affect the distribution and impact of infections. Deficiencies of other specific 
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B vitamins presumably do not usually occur in human populations with suf

ficient severity to alter significantly the pattern of infections. 'here are no re

ports of antagonism bctveen vitamin deficiencies and infcction. in humans. 

C. Influence of Mineral Deficiencics on Infections 

Interactions between mineral deficiencies and infections have not recciv

ed much attention. Studies in do,s,, cats, and rats s~iowcd that iron deficiency 

had a syneristic effect on hookworm in addition to the well.known rcverse 

effect of hookvorm on anemia. It is assumed, but not proven, that the same 

relationship hohlk true in man. One study rcportcd that babies had si2nifi

cantly less respiratory disoaws whcn formula .'erc supplemcnted with iron. 

Potassium deliic was synm.nistic with lVelonehritie in rats infected with 

ol1ore recenty [9] :asyneruimN btecen potassium deficiency 

in mice amid infction wit%IS,,nili i and influenza viruses has been reported. 

Cobalt dcfieicricy is syner:.tmc with several intestinal chninths in sheep. 

Other mineral defeicacics haive beent reporLd as showin either synergism or 

amiagonism but there have not been enough studies to show distict pat

terns. 

L5hcherh iM. 

1). Influence of Inanition on Infections 

L-imilation of food intake may alter resistlance to infection. Many of the 

earlier cxpori -'nts idnot iiude pair feeding (controls fedk sante quantities 

as ecxprininml;dl animals) aind thercfore inanition due to redWuced food intake 

may have co!ltm ihuted to tht' it.,1cd results. 

Inanition i.syncr.ilic with n1.11ny bacterial, ricketisial and hhlilinthic 

infections M s\ceral spdees of experimental aninlis. Dmatic syncrpistic 

cfl'els have been olberved even with relatively siort periods of starvation 

just before or even atter infeition. Aail, with some vital and inlracellular 

J)rotrzectl diec:,,sc intanition vas found to b antaai:onistic. Since gencral in

anition awl stalrvationl is th. ni ,.comm11on form of malnutrition in many 

developing arca,, the interations "ith infcctions among children ,nd adults 

arc und t.bicdly impom tant. Ilvevcr, no dclinitive stutidies of tile effects of 

inanition o, inf'ctio lhave ben reported in humans.s There is obviotusly 

great need for such experilnental and field studies because starvation and 

marasmnus show little sin of diminishin in developing countries. 
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E. Smnmary of the Effects of Malnutrition on Resistance to Infections 

In summary, tile many research reports arc of varying quality but their 

results are suflicient l, consistent to make prediction cf patterns ofintraction 

between malnutriti,, and infection possible. In animA eXLperiments reports 
of syncr'istic exaceib:tiin of inl'ctions, were most coranon wilh deficicna'ics 

of vitamins A, C, ribonlavin, protein and peral inanitio. &ithprotein de
ficivincy Ind in:ition, ;nagonisi' as evid'nced by rcd'c'd severity of in

fecliolls has also been observcd. Anta,..onisu has been rciported as o.tcn as 

syncrgism in animals viTh deiccies of'specific amino a=cids. iiimine, pyri

doxinoe pantothenate anid folio acid. In humans all imneractions have been 

synergistic. 
When patterns of interaction are clas~ificd accordin-, to infectious agent, 

it is clear that bacterial, rickcttsial and lhihinthic infec.tions have almo.t al

ways been synergistic vith mtrition;l deficioncics. Vire:, and intracAlitilar 

protozoal infeclion wvocie aftcted either syncrgistically or antaonistically 
by malnIutrition. The inferrnce is that anttagolim call be exp,:Ceed to 

occur w1he1 the m"ta bolic rcquiremcnts of the agent depend more 

cally on a mutricnt than does the Icnc complex inetabolini C"th, host. 

Even in smch infeeti on howv, a itgu:onism camot bc cxpcc ted to occ, 

in hum:ns as often as in laboratory sttudies f6r two rcasons, lirst, dcin

cics in ma n are not (tu ": soere or as seci nc as those producd in labora

tory sltdies. Socond. eve: modcrate dijicaciCs reduce ..,iwL a resistance 

so that ',conday s.ncqr,,,tic infctions With other aents ustally stper'cnc. 
The fawt is that no instamce of clear-cut t agonism has been rep,'rd in 

hulIllsn;. 

IV. Afechanisms by which Nutrition Influences i.f-'c'ion 

A. I'lost C:aracteri,;tics 

The severity of'any inCFetion is infltenced by th- genetic roake.up o" both 

host and iifel ions agcnt. In carcfu e.,lr iin"ntal work St'lNLI liJi [19] 
demonstrnted that mhMltrition Was synergitic with mouse salmciclla in

fectionis oily '.hcln both moice and salhmlnella e were of geuct ically mix'ed 

l0I l,!1ion.s. When popt lation. of mice were cenetically skctcd for l'i-'h or 
low re-istano, or thv bacteria ere sclecled for high or low virulence, no 

synergi.m was found. The practical reality, however, is that in normal situa

http:roake.up
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Nions both host and agent are almost always hcterogenous and unselcctcd 

populations. In real lir., thn, genetic influences probably do not influence 

synergistic or antagonistic interactions. In laboratory experiments, howevcr, 

strains of both host and a-.nt are frequendy inbred so that rcsults may not 

necessarily rellect the dlynamics of inf'ectio) and nutrition interactions in na

tural popul:ations. 

B. Time Relationships 

Limited evidence available s.g2csts that nutritional status undergoes 

short-term, as well as long-term influences. It has been shown that starvation 

Lort dtiration caniifluence the outo,tonc of inirection. "Morereof relat i y 
Cenlt stndies showed also that sa tislactory food intake of very short duration, 

[26, 27] can abolish much of whe adverse inap:ci of deficient nutriture on in

feclions. Leav,-tcrmn et'cts are alo posible. Thi, is shown by a series of stu

dies with prenatal and pcriatal proe'in delfickicy in rats provcd synergistic 

with postn:atal infic;ion cen aficr 'Tll' rhabilitallion "s jud.ed by ordin;ry 

grow:t, par; meelrs [10. Action pro.,ranis need more inl'ornmation on spvcific 

time rclatioiships influencin. iteractions ofnutrition. ',dinfection sp:cially 

the effects or nutritional supAly during cruc;:fl phas s of life (prenatal, early 

postnatal, wcaning, etc.) and the relative impact onutritionad int:tke at "'uty

ing intervals bcfore or ater infection or vaccination. 

C. Antibodies 

Anti iody synthesis is redunced in protin End amino acid deficiencies. In 

untreated kwa:hmiumkor there have been rport.s of inability to form cirrulslt

in:.'vntildics to typhoid and diphheria \accination. In borderline nmainutri

tion result" are Icss uniform, but SUplementary protein intaie rapidly in

ant ilwoic.,. Antibody titers tend to be correlatedcreases the : bilily to fRm 
with the quantity of prot n costmipion during rchanbilitation. Yellow 

fever 'accinli, dindimot lead to the prodnction of antibodies in 8 children 

with kwashiorkor whOie no such Cflect was ob.''em vCd with polio vaccine. 

]ndocenoums synthesis of i min nloohul in,; seems to be tri.ggerd rapidlya 
by antigens and it may be that dietary theraoy in a matnourished individual 

may chan.,c the level of innmm not.! ul i s in a short time. The fev stdis of' 

jmnimino.lobulins in kwashiorkor do not yield a consistetnt pattern [251. A 
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posible explanation may be thlt thoso individuals showing no interference 

with antibody production rig:ht ha' .b,.:n palicilts in whoin the tests were 

carried out aftCr diedlry thCraly had beel instituted. 

Little is .nowin about the elfcot of innition oil antibody formnation. One 

study in starved mice showed a s mificant though not very mnriald decrease 
equine"encein the (lcvelo)lnont Or nCutra lig a tibodiCs ag:a;;1t western 

anti.,odyphaloiiiyclitis. Stccilie vitaminl dciwicicies and their influence on 

ity revicwcd. Ai cxtelsive series or c.p2ViniCntsformation have bcen rci 
led AxtRioD 131 to the conlu-,ion that pyridoxinet acidand pantiothcii 

deficiencies have a sp-Cilic effact in interfering. vilh le poductil1 of anti

hc-dy-foi ining cells. Vith oiler vitamin delicieiicis no consistent effects on 

antibody forniation vre obser'ed. 

I). Ccllu.lair liimne cesponse 

Celhuar immraune rej e can be ib.scrvcd in phmgocytic activity and 

lymphoc.yte-mecdl plhi'iin as dclaycd hyVersensitivity. Ccllularl such 

immulnity ispartictl:li y i:1port:lltis the pmiilary d,.cemechanisl a!:ainst 

ch ron ic infec t ioit, s ch 1h tui 1111).r'T I osiS a d l . hN1c.r 

Both geinir.l utderutrition and pl'oii (lelinciey result in air, phv of 

the liver, splcen and rtic'uo-endothdiallti:,cste and leuocytic re.ptile is 

delayed. 'ThII lctuLl.el,t; prod nccd tinder tht'se ciren-ilalice, 'red:it are 

bioclieiically dilYtciAat flroiiMIral cls; their ,lveo!ytic activity is decreas
29]c 

Cf Al. IIhracW'/i! inelianl illplroiCill-dplCetcd mice Showed h.It th ill

fcctin d.vlaped licin add spirCA linore. widtly than ill contr,ol an1"imals. 

Cd, their cap.lcity to Lil1 h:icteiia is 1¢sthan norli. A recent study [";i, 

less pronotii,.cd illThe Icltocylic IcspioneC to intrnpri,(,:wal imfection liv 

and 
'ih lillliber of ba'illi p1hag:t.ocyt iSd bv both 

proteiil-d-pled n;iim!.,nacrophi :me, were not oiy les miinmcro-!s but 

also s:i,:ler and morc frr ~'~es lrotcim-clefiicnttypes of"eells seeed'eual NIM aro F'romil ,animals, 

apol:.,i had lo;'erapparatus aiilhowever, ':iiled to d'vc'lop the norimal 


zolne coMent, instead they develodd minarhd amiormnilicsie: such as snqus

tcring: soicne of their cv'i .ytopliiai. Tbhenacroplha.-'gs also failed to res

pond to infection \'ifh the usual iiicrease inl cIz)'vums. 

The delayed hmyp:r:,ensitivity v'l of celllar response iSrelated to th'inic 

Whivit'. 'his land is cmnaiily a5rplhi,'d in m:ilnouris!hcd children. M:iny 

clinicians report that the, tuherctiliu tc.t is suppressed in nialnutrilion. A 

recent study showed thiAt suih supIprct.sioi occurs both in marasnius and 

http:pronotii,.cd
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Whether this phenomenon is related to tile hlYporcactivitykwashiorkor [25]. 

to tuberculin followinzg infectionIs such as onchoceriasis, inlcasles, or general
 

debility, is not clear. 
eCscarch has )een done on vitamin deficiencie.- anid ccllular

Considerale 
hmmunc rcponse. Vitamin A d-cficiency, anrd ascorbic acid deficincy, if 

sufficiently severe, can interfere with phagocytosis,. Pyridoxinc, folic acid and 

142 dci ccitcics also itealre with the production of both maci o
vitamin 

pliages and nmicropha,,cs.
 

E.Other 1)cfclse Mechanisms 

barriers against penctrati1r andTissue iritcrity provides important 

spread of inl'ceions. Many nutritional deliciencics are known to interfere 

lttictlarly vitamin A deficiency, ari-ofiaviiosis, pyrid
with tissue intCerityv 

and severe protcia deficiency.th,ra
oxirie deficicncy. avitmlhli no5is C, pc 
ti

Typically syicrpism occurs with the;c deficicnics. but the relative importa,. 

of ti.sue intc.'riy as compared with other nIcchanlisi h:is not been defined. 

irc I:non to be advcr.cly in-
Wound he:11in!!and cu.qagt!vi for'at ion 

noc and acorbic aiddeficiencies. There is ais yetfiuenced by proteil. atn 

wit lthe clinical course of iafeetiot' ,
little to connect thes.e"ob:;crvations6 

It has also be.n :,iply dcmoi istnted that severl forms of malliutit ion 

alter types, nuirwnbo aml ,istributi ns of intestiAl bacteria. Some research 

lort may lId to d-crcased resistance to patho
shows that s ch chanwes in 

genie age its. Albterations in motility of the bowel scomary to mahutrition 

in ay also play i role. 

Several Letral d0ferlse mechanisns a ., inst in'fections are affrected by 

s of the host. lindor rm e activity in Urn is altrcd by
the endocrine sta 

nutritional factors ircludi a,cotlinon (lelicioncicssuch as those of prolcii 

iiodify th' general stress response.ion .tlld snoustz 

nutritional defleictcics and infection is al
and iodiine. St:lr,,atl in s i.r ii 

iart of the inltraatioji betmwen 


most certainly ,ic
diattcd by endocrine changes. 

I. Prctical Implicationsfir lumn i'opmhtions 

Clinical 'aId epidemiological studies in human populatiotns have produc

ed many reports of synergism but 1t1e of anta Oni.,11. We now hPVe suffi

cient information to proceed with plting applied programs For partietilar 
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target groups such as preschool children, mothers, patients with chronic ill

nesses and cidCrly per.ons. 

fly any criterion, the most important group of synergistic interactions 

occurs in children b,:Iov.' 5 years of age. The most seribus public health im
. 

pact of sueh synergism appears to be in producin permanent deficits in 

physical 11d mental development of children. Althou.h phyical sttnting has 

long been recoegiiz.d, studies of reduced mcntal performance are more 

recent [21]. 
Data on mortality are wore readily available. In developing countries, 

from 11 to .. of all chldren (lie bcfore reaching adulthoWd. Most of these 

deaths occur befoie the age of 5 years and cbpociall- dtring weaning. The 

chances for svoerprsm: oPNnumerous. The child tistally must make the dil'i

breaa feeding to an adult diet with little or no transitionalcult transition froia 
weCaling., fo.-. "he reSult in g borderline. manutrition ]av. no reserves us

pecially bearre of the , re:at dclFninrds of rapid grov.th. Diving 1his period 

also the ia fxrt living in powr environer tal COliiition i cxposcd for the 

first tine to nrany low cr.annirs. ilie litelong proess o building immuwIty 

lmust 1e nu:,i.onal satus n:;started '.hcn most p'ecarious. Many of the ill

nesses arnd dealns aro caun:d by inleci:'on. ",hnich would not be serious for 

well nourri.. childre. :ild studies il ikryal [6, 12]. (uatenala [13], and 

1'tnjnb [RI i IR.C, crrrrurbti ,d] show IC tremeldous load of infection that 

childrel in viliare co.muorthie carry throi..h their carly year;. 

The nltrritio;;l d(rai: of prelrncy and hlvtation is another period of 

partierlar izoardy. Ditrill' this time, thc I:r.'.ard of synergisf.c. initcractions 

with irifeciions for both 2i:c'1r child be rccoonizC.id (e'.'jopilrg must 

This scm:, a comonon4iuse coneltisiorn evern though specific daia are limited. 

Another iportant rocup of synergistic inter.ctiois occur in chronic 

endreic di..osws. tlubrculosi, rs p :.I.ps the lest doctlrmIlted example of a 

conditior in wIhich two-v. a irtcractions can be radi i rced. T"ubarvulosis 

infection p;o irces a severe droirt on nutritional statuis. Se',cral sp.,cific nra

trients have also ben rho. n to be important in mainitaiing rcsi,:lice both 

to prevent clinical di~ea:,e and to maintain an appropriate therapeitic 

regine. 
Ile elderly also r ',Icimx particilar atteir ion. to the rcconniilion aird care 

of synrgistic interactions. "'T;hy may become susceptible to horderline mal

nutrition b:cautrc of inudcqtcrate care, lack of appetite and diverse iid;rcct 

effects from other ailments. Sig.nrificant opporlunitics for nutritional inter

action nith inle.,:tis cnewir especially in tie cncirornient of institutions for 

lie care of tire elderly. 
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I. A PracticalSyncrgism ofServices 

Evidence of interact ions between malnutrition and infection, however 
interesting snicritiicall. 1Ihave practical r-e\'Ivace only if this knowledge 
helps to improve heah,, ojranis. More important than the finding that 
syncrgism occurs between the 2 types of conditions, is the question of 
whether health ,nd nutritionall services cam also be synergistic. 

Common sense suz !.,cststhat pro,rams for controlling malnutrition and 
infections should be iitctratcd. Previous field trials and control programns 
have usually b,.en directed towards oric or the other. lesearch results have been 
interpreted primarily a:xordhAg to the sciendfle discilie of the research 
workerdoing the stu~dy. Services are tymicllyseparated venat the'illa'elev'l. 

One quostion that has icceived sonme study is whether nutrition or in
fcctious diseoae con rol is the Ietter and mor', cost-cfil'ct ive means of break
ing the syner.rt iccVle. A 5-ear study in Gu:itemala made such a compar
ison [20]. The childhen in 3 vilces we te studied, with I Croup receiving 
nutritional suylementq, anc thr intcnsive medical care'C and sanitntion, and 
the 3rd servi,. as a conti ol. Iliere was a slight but sinificRnt eiicet on row.th 
and developrimnit in the spqplc;'nted ,roup [8], as well as reduced morbidity 
and milortality [2, 7, 221. 1"1 oimed:ical care and sanitatiol did not 
influence mco'bidity, although there was tslight redaction in the number of 
deaths [201]. 

The obvious ineed has been for field experiments to test what.can be 
achieved by atsyner-ism of so.vices prowidirg both nutrition and infeetion 
control. Suchlan Cllperil'int has beet undlerway since 196,6 in the Narangwal 
Rural I ealth Re.carch Center., unjab. India, under the Johns loplzins Uni
versity Departnxnt of Iat .raational -lath. lhe experimental design pro
'ides for diflrent service prorms for c]ildan. 0-3 years ,fage. in .1proups 

of'illagcs. In Iproup nutritional sutipements and disease care are combined; 
in 2 other ,groupseach care progr:mis ]ro\idC~l sqmmltately "adthe .lthroul 
serves s a1 uo, a n inininl pacl:ae of childcontrol. ,A'll ervice I ..s provid. 
care which c.l- delivered ki! a,ht'it-h, u!ilirics (lidy health visitors) 
suported by a te n OlQysicins and public h, Itlih urscs. ])etailed rese'arch 
data are also coll'cted to per.it calculations of' both costs and ben-fits. 

In. plaIt ing theInutritioll-il su plemnt ation protram; we decidcd, not 
to try to get all chilvl'n to attend feedin.- centers. Such efforts often reach 
mainly the bet ter nourishcd children with the food from the center merely 
being substituted for their Usual diet. The nutrition program is based on 
intensive nutrition ed ucation, re.ular wsihin.g an elective feeding. All preg

http:syner.rt
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haUL wornen and mothers of chikren less than 3 years of a,,e arc encouraged 

to attend nutrition classes and arc routinely visited at home. Actual supple

nuentation is confined to those mothers and children 'wlo need it'. Al chil

rcnirmh tor 9 months and then at increasing intervals.dren are wighedWON 
A weight chart [101 for cach child is retained by the mother as an cducational 

clnt mothers,device. eed is 	detined in terms of weight for heiht for 

ore for children. Both for mothers and children hemoglobinand veiz-ht for 
less than 8 g, or the presence of infectious deseasc.; such as tuberculosis or 

indications for supplemcentation. Close follow-upl of
incasles, also serve as 

as a ,cgul~ar part of 
those selected fur supplemnt ation includes home visitin' 

iriaintaining, motivation. Food stupplements are prepied with particular at

tention to palatability and local acceptability, and with specilic attention to 

compnsating For Ihe nutrients that the cvCryday diet lacks. In te Punjab, 

general uAIdCrnu trition and marasimus are much more frequent than lwashior

kor so suplcments provide calories, protein and iron. 

'hc medical carc program focusscs on conIrol of the major preventable 

provided againlst diphlhariat per
of childhood. Vaccinatiodns arediseases 

Iussis, ttamts, ncale, and tubrculosis. Proper timing of vaccinations dur

ing seasons when children are most healthy and. coveng inin nizatons with 

extra nutrition:,l tLIi).cIc1t5 may be important bcause of potential nuri

tional dmake. [run, vaccin' ion. Simple medical care provided by amxiliaries, 
'eneies, attenrts to 

with ready renfrral to docors on weekly visits or for en~em 

of the commo10n ailn'ets, especially g.astrohlimit t severity and duration 
inappiopria:tC

intestinal and respirmtory di.zs. Cultuirdl p rcticcs such as 

hcalbW.liF tl . : shtdow (parch: twan)
food (nrimg illrnesses and stranm I 

srnus, rtquire initch immto\vativC adapta
of an evil sph i is the cau.me of ma 

,:rti: d;ta does not yet provide U
tion of scrviccs. lPrclimil ay analy.is of 

clear picture of the rc:,nlts of ihe various expcrimental inputs. hclonitudi

nal goro.th data covecin,, 917 child:'en for the period from SeIptember 196S to 

to the pattern'a,

June 1970 show that he ero\vth 1:hicvCd did va\'ry accordi 

mn'Me (with age as cov:riant) showd that in
of service. An a:wtlysi., o rco 

also were important in producingtreat went, and sext'Ildition to caste 
I .year of nge (both scxes illdif

vari:tions in growth paIttcrns. Children over 
conaitently showed better

fercnt caste !,.rotips) cciv'ing ntritional care 

than h.ose nlt rcceiving, mmtritional carc. InJine 1970, 21 
grovth curves 
ionths a:tur starting the fild :,ctiitics, a clinical survey of the mttritional 

sttus of all 1.,I study children was done. The cloarest differences were ob

.i low-caste childicn. In low-caste grotps receiving ntritiomal
served amnio 
care 2-10,335 (72 ) were judgcd by a pediatrician to have no signs of nutri



223 Nutrition and Infection 

tional deficiencv, while in control or clinical care villages 42!69 (61 %)were 

considered to have no clinical deficiencies. Nutritional carc alone secmcd as 

cfl'ctive in reducing clnical malnutrition as did combined care. Among the 

higher castcs simil:,r Liflierences were noted though they were less pronlouned. 

found in all castes, but in the nutritionalCases of extreme marasius wcre 
care villages there were 4/930 or 0.4,, in the control and medical care groups 

1.7/. In villages receiving nutritional care. the averagethere were 8!481 or 
hemoglobin level ofchildren (0-3 years of age) Was 9.6 g %as compared with 

8.4 g ,+in the med icd care and control groups. This clinical nutrition survey 

indicated that both nutriticnil 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 field experime nt show that it ispos

sible in rural India to improve ntutritional status sigtificantly by using medical 

auxiliaries in the Naranwal pattern of nutritional care provided either as a 

separate service or in combination with medical care. 

Morbidity from initectious disease was the second major output variable 

used in measuring the b-nefits from the various service programs. A rpreiimi

nary analysis covers the period. Scpte1ber 1968 to April 1970, using as a 

rough measure of morbifily the number of days any symptom of illness was 

reported. in clinical care villkves, the 'illness days' seemed not to be reduced; 
controls. In nutritionalin fact, there was aslight increase in comparisol v,'ith 

care only villages, 'illness days' dleLined sornewlhat. Inthe combined ltri

tion and medical care villages the decline was somewhat more impressive. If 

this finding isconfirmed by more thorough analysis, the synergism of services 

will be justified. 

Conehtsion 

Perhaps the ,reatest health hazard in developing countries issynergism 
infect ions. NI ost cases of clinical malbetween maluti ition and comnnmon 

are preci uitaed by the heavy load of infeictions to which childrennutrition 
are exposed un(el poor environ,ental conditions. In addition to thc direct 

effects on morbidity and mortality, such malnutrition produces ilc, !se111, 

quellac of retarded phy;ical and mental devClopinent. I aUtdition. most in

fectious are made more serious because of reduced resistance associated with 

either borderline or clinically apparenm t malnutrition. The common child

hood infections that cause only transitory disability in the well nourished are 

often fattal or permanently damaging to poorly nourish.'d children. 
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For practical prolgrainin , a synergism ofservices is obviously required
for Zhe control of synerlistic ittirction.; betveen malnuttrition and infec
tions. Such Coiinwd approachcs should include the simplest and most 
direct measures for preventing . nd treating inilections and for providing 
aclequ :itc ritrii onal supp!en ttation. Se'rvice packa ,os have been developed
which can brin,; sihmple and effective comprehensive care to village homes in 
developing countries. 
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