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N:YI'ICE 

'Dle project that is the subject of this report was approved by 

the Goveming :eoam of the National Besearch Council 1 whose lllEilbers are 

drawn fran the Cl:>uncils of the National .Acade!ley of Sciences 1 the National 

AcadEmy of Fngineering 1 and the Institute of Medicine. 'Dle nenbers of 

the Ccmnittee respcnsible far the retxrt were chosen for their special 

oorrpetenoes and with regard for appropriate balance. 

'Dlis rep:>rt has been reviewed by a groop other than the authors 

acoording to procedures approved by a ~rt review Comnittee oonsistirg 

of lllEilbers of the Natiooal Acade:ny of Sciences 1 the National Acade:ny of 

Engineering 1 and the Institute of Medicine. 
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lMIJNE RESPC:N;E OF '!HE MALN:>URISHED OIIID 

General Statement 

'!he 5\i:>caml:i.ttee reoognizes that extensive stu:ii.es have been carried 

out to define pathogenesis and pat.hq;hysiology of i.mrune failure in 

Protein-Calorie Malnutrition (PCM). A review of these stu:ii.es reveals 

that they have been carried out in different pop.llatioos with varying 

degrees of CXJllletenoe, precisian, am reliability. Mall¥ previous stu:ii.es 

neasure up to scientific efforts of the best laboratories in the 

world; others have faults of design and execution. 'lbere are many 

oonflicting data resulting from exani.nation of seemingly identical, but 

ill ~ined, prcblerrs, because the circurrstanoes fran which these data 

have sprmg have rot been a::rtparable. 'lhere is need for standardization 

of the <i>sezvational, experimental, and analytical awroaches. 'lbese 

standal:ds should strive towards clear definitions of states of nutrition 

and infection, clinical recx:>rd keepin}, am foll'l\ of reporting. When 

laboratory tests are done, they should be based on stamardized microbiological 

tedmiques, reagents, am sera. If animals are used, their origin, 

identity, am nutritional status should be clearly defined. 

Many of the investigations of the ~oe of malnourished 

drlldren have been oorrlucted in seriously malnourished drlldren in 

hospitals during intense therapy and thus during a process of rapidly 

altering bodily functions. f.bst nalnourished children, l'¥Jwever, are 

rot in the hospitals. '!hey are at lote, livin] in a state of s1.bopt:i.mal 

nutrition, suffering a sucoessim of acute infections, but nanaging to 

remain alive without nedi.cal therapy. Very little is known about the 

-1-
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effect that this stecdy state of malnutrition has on .i.mm.moc:xxrpeoe 

and host defenses. 

'n1ere are major limitations to stuli.es that can be oonducted in 

malnourished persons. 'Ihe principles of protection fran haJ::m and of 

infonred oonsent nust be enforced, ard no malnourished individual in 

need of therapy should be sttxlied while therapy is withheld or given in 

suboptimal fonn. Neither should such a person be subjected to arr:1 test 

that may be dangerous because of malnutrition, even if the test is known 

to be safe in well-nourished people. 

Yet answers to basic questions must be derived fran an analysis 

of states of malnutrition that have been precisely graded, can be stuli.ed 

unaffected by nutritional rehabilitation, and examined repeatedly. '!his 

can be achieved only throujl animal elq)&im:mtation. 'lbere has been 1Yll1dl 

adverse criticism of animal stuli.es, because animal ItDdels were thoUJht 

to be too different from hunan subjects to permit cx:nparisons. '!his may 

be true, but properly designed stuli.es in animals can help unravel 

hitherto intractable problems of hunan malnutrition. It will be necessary 

to develop standardized methods that will deperrl an precisely defined 

strains of a limited nuni:>er of species that have been remered malnourished 

by well-defined diets. Specific infections or defined non-living antigens 

can be applied as plrl::>es of the inmme system in a stardard fashion and 

resp:>nses cx:npared to those in matdled oontrols. Then, careful extrapolation 

to humm situations will permit limited, safe tests in man. 

Copyright © National Academy of Sciences. All rights reserved.

Immune Response of the Malnourished Child:  A Position Paper
http://www.nap.edu/catalog.php?record_id=20627

http://www.nap.edu/catalog.php?record_id=20627


-3-

I. Methods of Investigational Approach 

Clinical StOOies in Man 

Clinical studies should inclOOe data interrelati.D;J nutrition, 

infectioo, and .irrrnunity. 'lhus, patient populatioos stl.rli.ed nust be clearly 

defined with respect to the three major variables involved in the interactia'lS 

l.mder study, i.e. , the nutritional status, the infectious status, and the 

:imnurx>logical status. In a&ll tion to cbvious clinical data, such as 

infonnatia1 about age, race, and sex of patients, the severity and duration 

of any derangenent in each of the three variables needs to be included 

and oonsidered in the grouping and interpretatioo of data. 

Fqually jmportant far relating a given sttdy to the work of 

other investigators is the need to provide general information about the 

populations studied oonoerning their source, envirorrnent, am incidence 

of various infectioos, infestations, am types of malnutriti<Xl cx:mn::>n in 

the area \-here the study is being perforned. Mll.tidisciplinary approaches 

should be used whenever p:>ssible so that clinical and laboratoey test 

data can be obtained on the status of h\DlOral and sec:retoey imnunoglobulins, 

{ilagocytosiS 1 cell-mediated inm.mi ty 1 am nonspecifiC hoSt defense mechanisms • 

~ clinical stOOies are perfonted in man, therapeutic inteJ:vention 

and its effects should be doctmented. In stuties in which therapeutic 

intervention is an imnediate clinical necessity, all data should be 

presented in t.ern5 of their t:.erllJOral relatiooship to the onset of disease 

as well as to the initiation and course of therapy. 

Ialg-tenn stOOies and follcM-up should be the rule rather than 

the exoeptia1. SUch studies would be of great jnp:>rtance in aey evaluation 

of the evenb.lal. oonsequenoes of various fonns of malnutri ticn as well as 
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of the lang-term effects of arrx therapeutic intervention. 'Dlus there is 

an urgent need for cross-sectional studies in patients with different 

duration of malnutrition and for longitudinal, prospective sttrlies. 

'Dle role played by malnutrition and infections during pregnancy 

in influencin:j postnatal grarth and develq.ment and functions of the 

immme system should be studied. '1he role of breast feedirv:J in neonatal 

inm.mity should also be thoroughly investigated. 'Ihe functions of 

secretary inmunoglobulins and maternal ~es in milk llllSt be defined. 

Basic Laboratory Studies 

SUitable laboratozy nodels must be developed so that the t.edmiques 

of 1lOOern inm.mology can be applied to stu:iy of malnutrition. It is likely 

that availability of well-develq>ed rrodels would st.inulate basic research 

efforts. Such nodels would peiillit a discrimination between the effects of 

acute and du:ani.c malnutriticn and provide means for analysis of influences 

of dlanging nutrition and repeated deprivaticn of nutrients, individually 

and in OCJYbinations, upon the immme response. 'I:.JOOerstanding of these 

variables would then fann a basis for interpreting possible differences 

in data derived from hUlBll p:>pulations in which malnutrition is caused by 

single or nultiple episodes of acute starvation, or by chronic deprivation 

of a single or of l1Ull tiple nutrients. 

Not only should whole animals be sttrlied, but also basic laboratory 

studies ought to be designed to measure effects of malnutrition on single 

cells derived from malnourished animals. Infonnation gathered by such 

stOOies oou.ld be used to refine experimental designs in clinical research 

and to improve the ability of clinical investigators to select and perfann 

the nost meaningful and nest easily intexpreted laboratory testing 

procedures in their patient ~pulations. 
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II. Definition of States of Malnutrition 

Malnutrition, at least at the oellular level, is defined as an 

iDadequacy of nutrients sufficient to interfere with nonnal ftmction. 

Generally, this is a result of a deficiency of nutrients-resulting fran 

insufficient intake, inadequate delivery (malabsorption or sequestration), 

or excessive losses-but large excesses or imbalances may also lead to 

inpllrnent of furiction. 

The first question that nust be answered is \\bether an observed 

deficiency is specific for a given nutrient, or group of nutrients. 

Althou;Jh dietary intake may often awear to be deficient in only a single 

nutrient, there is, generally, a deficiency of nrultiple nutrients. 

Furtherirore, a deficiency in one nutrient can interfere with the netabolism 

of others by inpririn] a particular cellular ftmction. Therefore, the 

question of specificity or degree of deficiency is extrenely important. 

Yet it is often quite difficult, without extensive biochemical am 

Fbysiological analyses, to detennine the specificity, or nature of the 

interacticn. 

The extent am duration of the malnourished state arrl the cge 

when malnutrition occurs can eadl have a specific influence. Althou;Jh 

the clinical awearance of u00ernourished individuals may be quite similar, 

e.g. , a deficiency of body mass, the nature of the adaptive processes 

may lead to a different mechanism of ~ti.al. '1he oonoept 

of a "critical pericxl" nust also be E!n{ilasized. If the deprivation 

occurs during the time when a specific tissue is developing or differentiating­

either prenatally or postnatally-the tissue may never readl its full 

anatanical arrl Fhysiological potential am its deficiency therefore may lead 

to a pemanent i.npaiznent of certain bodily functions. 
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Although the process of adaptation is frequently mentiorei, the 

Ptenarenon is not clear. It does, however, deperd upon the IOOdel that 

has been oonoeived; for example, (1) a decrease in protein intake, arx1 

(2) a decrease in caloric intake. In the fonrer case, if an individual 

survives for a period of time on a decreased quantity of protein, as 

~ to his requirement at the begi.nni.D] of the oosezvation period, 

he will begin gradually to decrease his lean body mass am in so doing 

decrease his protein requirement. Although this may pennit sw:vival 

of an adult, such a deprivaticn in a growing dlild may be excessive arx1 

may pennit no adaptive respcnse. In the case of deprivation of calories, 

the adaptation prct>ably takes place by neans of three mechanisrrs. ~ 

is the decrease in lean body mass due to the decrease in protein (because 

of the utilizaticn of protein for energy), another is decrease in linear 

growth, a third is a general decrease in activity to ~te for the 

decreased caloric intake. 

M:>st oonsequenoes of nutritional deficiency are nonspecific. Since 

deprivation of nutrients leads to interference with cellular functioos, 

similar dysfuncticn may be caused by pathological processes other than 

1.100ernutriticn. It is only when the pathological state can be shown to 

a:>rrelate directly with deficierx.y of a nutrient, or can be specifically 

am fully repaired by administratioo of the deficient nutrient, that the 

syOOrate can be directly linked to a nutritional deficierq. 

PCM can be oansidered the prime fonn of malnutrition in the 'NOrld 

today, but stl.dies of this symrooe have largely been limited to its nest 

profourn expression. It is perhaps nore :inportant to stuiy the inmune 

system in states of ncderate to mild protein-energy malnutrition. '!he 
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manifestations of P<>! are ext.rerrely variable and not well defined 

etiologically. '!hey varJ fn:lll one clinical extJ:eme, that of general 

debility and loss of lean bcxly tissue an:1 fat (narasmus) to severe edema 

and liver enlargsnent (kwashiorkor). It appears that etiology of these 

conditions may be different depending on the ecological niche in which 

they develop. It is therefore extremely inp>rtant to define clearly 

the individual and his (or her) pop.llation group. 

'Ihe best clinical indicator of malnutrition in children is inpaiment 

of grcwt::h. Grc:Mth. is one of the nost c::atplex cxxm:li.nated processes 

of the bcxly and any nutritional abnormality, or disease, that impairs 

nutrition will also inpair grcwth, particularly its linear expression. 

'!here has been great E!I~Plasis on the use of weight for age imex in the 

assessnent of nutritional status of children under five years of age. 

~ights have been c::atpared with llnerican and European stamards and 

malnutrition assessed by the criteria of GOnez. 'Ihese criteria are 

misleading in sate cases because they do not take into consideratioo the 

influenoe of low birthweight, which affects the weight achieved in the 

postnatal life. 'Ihus is such children weight deficit on the G&rez scale 

has less J:ilysiological relevanoe than in children of nonnal bi.rt:l'lweights. 

'Ihe deficit in weight for age, in nost developing regions of the 

world, occurs during the weaning period, i.e., between the 23rd and 24th 

nonth of age, at which t:iJre the nortali ty and norl>idi ty are also greatest. 

'!hereafter, the growth rate is adequate and norl>idity and nmt.a.lity decrease 

significantly. 

'Ihe measure of degree of malnutrition basa:l on the ratio of weight for 

height is a nore realistic standard especially for children above two years 

of age because it reflects the oonoepts of both stunting (deficit of height 

for age) and wasting (deficit of weight for age). 
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III. Diagnosis of Infection in Milnourished Ori.lch:en 

In the developing countries of the world malnutrition is not the 

sole stress to whidl dlildren are exposed. Alm::st invariably sudl 

dlildren also suffer from frequent infections. It is generally accepted 

that severe protein-calorie malnutritim :results fnn a c:cnbination of 

repetitive infectims and deficiency of nutrients. 

Infecticns may be difficult to detect in severely malnourished 

dlildren because irrpaiment of host response may precltrle developrent of 

typical manifestations of the disease. M:>reover, infections the!nsel. ves 

may interfere with the oormal functioning of the irmume system. 'Iherefore, 

detectioo. of infection ITDJSt be an essential part of a:ey analysis of 

ilmurxx:x:mpetenoe of the malnourished host. 'nle precisian with whidl this 

analysis can be ccu:ried out will vary with the locale of the stuli.es, 

depe:rdir¥:J upon laboratory facilities, experience of the d::>servers, and 

custats of the population. 'Ihese limitations inpJse an additional 

obligation on the irwestigators to define neticulously the circunstanoes 

in whidl their data we:re collected in order to facilitate cxnparison of 

these data with those d::>tained elsewhere. 

rv. Stllli.es of Hurroral Imnunity 

Although a nurber of studies of B-oell functions, in'murx:lglobulin 

quanti tations' am antibody detenninations in POi have been :reported' a 

great deal of research zenains to be dale. Future stuli.es should :relate 

quanti tation on B-oells, levels of inm.moglobulins--particularly IgA, IgD, 

IgE-arrl specificity and affinity of antj bodies p:roduoed in response 

to antigens. 
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Balanoe between T- am B-oells in the peri:fi'leral blood~ 

to be disturbed in malnutrition. Seveml investigators have reported 

decreased nmbers of sp:mtaD3ous sheep erythrocyte rosette-fonni.n] cells 

(generally oonsidered to be T-lyqilocytes) am nonnal to increased nmber 

of Fe am C3 rosette-forming oells (B-lynTfix>cytes). Since s:imilar 

observaticns have been reported in such du:onic infections as lepratBtous 

leprosy 1 sane effort should be nade to detennine whether these fimings 

in PCM are manifestations of malnutrition per se, or whether influences 

of acute arrl chronic infections a:mp.:>unded this problem. Since it has 

been SU9:Jested that fetal gene products 1 sudl as al.{::ba feto-proteinl are 

fourrl in PCM1 it may be useful to seek evidence of other sudl pl:Oducts 1 

for exatple 1 rnenbrane-bound IgD in B -oells. 

'!he f\D'lCtion of K-oells in malnutrition might also be stulied 

sinoe these cells netiate antihody-depement cytotaxici ty arrl may thus 

be instrunental in protection fxan certain infectious diseases • 

'lhere have been many studies of inlrurxxjlooul.in levels in PCM arrl 

ad:1i tiona! stu:lies of this sort \IJOuld seem to be J:edtlri!ant. li:Mever 1 llD:re 

data need to be oollected regarding IgD I IgE I am sec:retocy IgA. Several 

investigators have OOServed ext::remely high values of IgE in PCM arx1 a 

relationship of this imrunoglooulin to parasitic infecti.cns has been 

Su:J9ested. 'lhi.s is of inp:lrtanoe for at least 1:1«> reasons: U) it may 

cast a light an our urrlerstarxling of the hyp:>thesized :relationship of IgE 

to thynus functicn1 arx1 (2) it may ilxticate whether the high IgE values 

:represent specific antiparasitic antibodies. Kr¥:Jwledge about sec:retocy IgA 

in PCM is crucial for underst.andiD] of patlx>genesis of infections that 

gain their entrance t:hrough muoosal surfaces of the gut am respiratocy 

tract. 
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'!here is essentially no infonnation about catabolism and loss of 

imrturx>globulins in malnutrition. 'l'l.1roover rates ou;rht to be det.enninsd 

far individual inmunoglcbulins. 

Althou:Jh there have been many measurements of specific antibodies 

in Pao1, there remain several inp:>rtant questions regami.ng the ability 

of nal.nourished hosts to synthesize specific antibodies, for exarll?le, 

resp:>nses to thymus-dependent antigens. A greater soprlstication in the 

analysis of antibody responses is needed because past stl.rlies did not 

distinguish bebEen pri.mal:y am se<:XJl1daJ:y inmune res~. Likewise in 

the past, insufficient infonnation has been given about the antigens 

themselves, the :iJmun.ization schedules, and the methods used to measure 

the antibody reSp:>nses. 

Tests of antibody ftmction should also be cao:ied out and slx>uld 

include measurenent of antibody affinity and the genera tim and persistence of 

inm.me a::>nplexes. In this regaro, it would be useful to learn whether 

imnune carplex disease plays a role in the patho{:hysiology of malnutrition. 

sate insight into this prcblem may be gained by examination of various 

oonditioos of antigenemia, as has been dale, for exanple, in regaro to 

Plaszoodium malariae-associated kidney disease. 

V. Cellular Inmuni ty in Malnutrition 

'Ihe cellular imnune system (T-cell syste.n) seens to be the 

c::x:np:nent of htnan inmune system that is nnst profoundly affected in severe 

urxlernutrition. It serves an important role in defenses against viruses, 

fungi, nrtod:>acteria, and other intracellular parasites. It is also 

involved in resistance against tunors curl it influences B-oell responses 

to certain antigens. 
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Two inplrtant general o:::asi<Eratioos relevant to all future 

stuiies of cell nedi.ated inm.mity are: (1) the effect en T-oell flmction 

of ooexisting factors present in severe malnutrition, and (2) the maturity 

of the host with malnutrition. 

Stu:lies of mal.n:>urished peq>le have usually s:oown ilrpairnent of 

T-oell ftmcti.on. On the other hand no sudl ronsistency has been dem:nstrated 

in experi.nentally maln:>urished an:imal.s. It is possible therefore that 

in hl.lllail malnutrition factors other than deprivation of nutrients may play 

a role. Because certain infections are known to depress oellular :imturlty, 

future clinical stuiies should evaluate the presence, nature, and severity 

of infection and its pJSsible effect on the cdrerxxx>rtical ftmcti.on. 

Since the cellular imnune system is incx:mpletely developed at 

birth and c:xntinms to mature pJStnatally, it is reasooable to suspect 

that nal.nutrition at a critical t:ine during early postnatal devel.optent 

may have a pennanent, or at least prolon;Jed, effect on the cellular 

inm.mity. 'lherefare the imnediate and long-tel.ln effects of malnutriticn on 

T-cell immmity at different periods of life should be analyzed. '1hese 

periods 'NOuld include the intrauterine, that of rapid growth (birth to 
-

b\1o years), that of slower grarth (1:3.«> to 18 years), and adulthood. 

Several stu:lies have shown that there is a decrease in nunbers of 

T-lynpx,cytes and a decreased size of lynphoid organs (ro:Jes, t.alsils, 

thyrmls, spleen) in malnutrition. In addition, the remaining T-lyqixx.ytes 

in malnutrition nay be fmcti.onally deficient, since they show a decreased 

response to mitogens (e.g., PHA). 'lhese stu:lies horever have not defined 

individual T-oell fmcti.on, because they did not take into acoomt the 

actual nunber of T-lyrtplocytes present. l-breover, proliferati'~ reslXflSe9 

to specific antigens (e.g., Candida) and allogeneic leukocytes have not 
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been neasured. Additional, critical stlrlies of T-cell enuneration 

arx1 the proliferative resp:mses are in order. 

PJ:Oduction of nediators (e.g., c::hem:>tactic factor, migration 

inhibition factor, lYJllilotoxi.n, interferon, etc.) by lyttplocyt:es of 

malnourished s'lbjects and cytotoxic effects should be stlrlied in malnourished 

individuals. '!here has not been sufficient critical study of these 

functions in mal.nutri tioo. 

An effort to understand the medlanism of the effect of mal.nutritioo 

an T-oell responses should also extern into an ~!oration of the suppressor 

cells and suppressor hunoral factors. '1he role of T-lyil{hocytes and 

nacro:Eilages in breast milk an:1 the possibility of passive transfer of 

cellular .imnunity by breast feeding should be studied in well-nourished 

infants and <XIIplred to what occurs in infants born to nalnourished 

nothers and infants malnourished durin:J the early postnatal life. 'Ihe 

validity of tuberculin skin respcl'lSeS as indicators of t\:berculosis or 

effectiveness of oo:; protection in malnourished patients should be 

restuiied. 'Ihe tuberculin tests should enploy ~stabilized Jl¥a:bacterial 

antigen preparatioos. 

Further animal stuiies are indicated, since malnutri tioo can serve 

as an irrprtant nodel of aCXIW.red inmunodeficiency. SUdl stlrlies should 

include passive transfer of lyrtplocytes fran urxleroourished anllnals into 

heal thy animals and vice versa, in order to distinguish a central T-cell 

failure from failure of anplification or reticuloerxlothelial failure. 

Stuiies of thymic fmction, incltding thymx.yte t:llrrxM!r and T-oell release 

should be ~lored. 'Ihe effect of calorie deprivatioo, protein deprivation, 

and vi tanin an:1 mineral deficiencies should also be assessed independently 

of each other. 
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VI. 'lhe canplenent System 

It has been s~sted in one sttdy that all CXJtifOnents of the 

axrplenent system, with the exception of C4, are depressed in the ma.lrx>urished 

subject. M:>reover, there was an increase of eadl axrplenent oatpOnent 

in response to refeeding, the rate of increase apparently being directly 

proportional to the annunt of protein fed. Althou:ftl it appears the C3, 

am possibly also C4 and Cs, concentrations may be infll.Ellced by the presence 

of infection in rcal.nutrition, such analysis should be extended in order 

to establish validity of these cbsei:vations. For exaJ11?].e, informa.tioo 

is needed regarding the rates of CX~~plenent synthesis in the 11Blnourished 

individual, tll['J'}OV&' rates, and distribution of conpl.enent into the 

various body fluid conpartnents. Sudl stuiies are :ra::essary to det:erm:i..ne 

whether decreased synthesis or increased cxmsl.llptioo is responsible for 

the deficiency of oatpOnents of axrplenent syste.n. 

'!here are few data relative to the integrity of the alternative 

pathway of conplenent system in malnutrition. '1here is little information 

about antiaxrplenentary factors, but anticonplenentary serun activity has 

been reported in sate stuiies of maloourished subjects. 

Since oothing is known about the influence of malnutrition on 

axrplement synthesis, it would be useful to detennine whether there is a 

delay in the maturation of the cxxrplenent system, and whether it depe005 

on the prenatal, early postnatal, am late postnatal malnutrition. 

Functional stl.dies of cxxrplement, especially bimin:J of its oonponents to 

IgG and to IgM antibodies am to cellular receptor sites, are also 

needed. 
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VII. Phagocytosis 

Phagocytosis am intracellular microbicidal activity of neut:roFhilic 

polynorphc:nuclear leukocytes arrl ma.CI'Ofhages are critical host flmct.i.oos 

in the defense against pathogens. 'nlese flmctions deperrl on a cx:mplex of 

integrated responses of h'li(Dral factors arrl of four cell types. '!he 

hmoral factors include cx:mplerrent o::xtp:>nents (sudl as C 3a arrl trirrolecular 

oonplex generated by either the classical or alternative pathway), the 

antil:xxlies against surface microbial antigens, and possibly acute t:hase 

reactants, sudl as C-reactive IJrotein. Both sensitized T- and B-lynpb:>cytes 

(whidl respectively produce lynphakines arrl antibody) interact with the 

two principal ~gocytic cell types, the polynorJilonuclear leukocyte and 

the rronocyte/macrophage. 'nlere is sane division of labor be~ the two 

J.ilagocytic cells-the polyrooqilonuclear leukocyte is the front line of 

defense against pyogenic organisms, wheJ:eas the rronocyte arrl mac:::rqilage 

deal with facultative intracellular pathogens. 'l1le rronocyte and macrq;ilage 

require activatic:n of microbicidal nedlanisms by 1~ secreted by 

specifically sensitized '!'-cells. In addition, fixed nacro~ges (in liver, 

spleen, etc. ) , fibroblasts, and other cells have I,ilagocytic functions. 

'nle initiators of the acute inflamnatory response are htmeral factors with 

dl.E!IYDtactic arrl vasoactive properties, functioning to attract polyrroq:honuclear 

leukocytes and rronocytes to the site of infection. 

Because sane microorganisms possess surface oonsti tuents that 

resist Fhagocytosis, h'li(Dral factors are also required for opsonizatic:n, 

~idl pronotes reoogni tion and nediates ingestic:n of the invcdi.ng organisms. 

'nle cells must resp::nd with both a sensocy and m::>tar CXX\l)Ol'lent to migrate 

toward the dlenc-attractant in order to engulf the infectin:} agent. Surface 
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receptors arrl a a::mplex mechanism involving actin aoo myosin cxmt:.aininJ 

oontractile proteins underlie this directed, energy-dependent looonction 

of the cell aoo the cell nmbrane. Only after these events have taken 

place, can intraoellular killing be acc::clll>lished. Considerably rore is 

Jm::Mn about the nature of intracellular killing within the polynor};ilonuclear 

leukocytes than the m::n:>eytes. 

For all of these h'I.Dl.:>ral aoo cellular fl.Dlctions it is relatively 

s~e to reoognize gross defects aoo to make close oorrelatial.S be~ 

qualitative fl.Dlctional abnormalities and clinical status. Identification 

of nore sl.btle deficiencies aoo additive, or perhaps synergistic, interactions 

am:ng nultiple defects of malnutritial are difficult to d:x::ment. 

A review of stulles in mal..oourished hunan pc>I:W.atians indicates 

that fl.Dlctional defects of ~c nedlanisms are, in fact, quantitative 

and sl.btle, rather than qualitative and gross. Prcxluctioo of polynoJ:Plonuclear 

leukocytes arrl rooocytes by the bale man:ow' and reserve of these cells for 

stress responses have not yet been sttrli.ed. Since leukokinetic stulles 

with currently available techniques depend on cxnli.tial.S of stecdy state, 

they have not been carried out in mm satisfactorily. Because treat:nent 

of nal.nutri tion abolishes steady state, such stl.¥iies ought to be undertaken 

in a suitable animal nodel system. Virtually oothing is Jma.m about the 

possible influence on phagocytosis of circ-adian rhythms, the nature of 

dlem:>taxis, or the process of diapedesis. 'Ihe limited staties of cell 

nrbilization that have been perfonnad in the past do not indicate presence 

of a severe i.npainnent in mal..oourished hosts although an early migration 

defect has been SU9':}ested. '!he early cellular~ arrl its intensity 

may well be of greater i.np:>rtanoe to the host than the later total 

response. 
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M:>st stldi.es also suggest that ingestion and rroX{ilologic 

intracellular events during P'lagocytosis by the polynnrp}x>nuclear leukocytes 

are intact when sttdied under optimal in vitro ror¥ii tions. '!he typical 

bioc:hanical :responses of oxidative metabolism in ~sis do take place, 

but are sarewhat blunted. Microoicidal activity is slightly diminished, 

but perhap; not to such an extent that it would increase risk of 

recurrent infection in an othei:wi.se oonnal host. COnsiderably less is 

kncMn about macro{ilage activity against pyogenic bacteria aW. facultative 

intracellular organisms. 'lhe in vitro somes :perfonned thus far have 

not derronstrated any major jnpa.:inrent of intracellular killing of bacteria 

by nacro};ilages of experimental rats with PCM. '1hese sttdies, lxJwever, would 

oot have detected an in vivo defect in nacroP1age-T l:YlfPlocyt:e interacticn. 

klditional sttdies in these an:imals should inc11.¥3e kinetic analysis of the 

clearance of antigens and particulate matter by fixed nacrophages. 

A major criticism of IOOSt hl.JDall stOOies to date is the fact that 

severely maloourished, or hospitalized subjects have been chosen for 

investigaticn. 'lhese individuals are frequently infected, hence the 

effects of infection per se canoot be differentiated fran nutritional 

influences. 'lhese sttdies have provided insufficient data for the 

umerstaW.ing of the :role played by deficient host~ense medlanisnB in the 

pathogenesis of overt clinical malnutriticn. Prospective field sttdies 

in defined pop.llations would, therefore, seem inperative in order to 

derive the necessary infomation, provided that sufficiently sensitive 

methods can be applied in the field sttdies. SUch stuiies should be 

roupled with investigations using aninal rrodels for hman infection aW. 

nalnutrition. Ebth in vivo and in vitro studies are required for the 

detennination of the effects upon individual parts of the integrated host 
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t:esponse am for their interactions. Maptive transfer experiments with 

isolated hunoral factors am oe11 types can be enployed to analyze 

CXIllpOnent parts of the a:nplex of in vivo interactions am anplificatian 

of a given J:espcrlSe. M:ldels for pyogenic, granulamatous, fungal, 

helminthic, am protozoal infections axe required. 

VIII. Nonspecific ~dlanisms of lbst-Defense 

'!he effect of malnutrition on oonspecific host responses has 

not been investigated adequately. '!his major gap in our koowledge 

neoessi tates desc:ripti ve-type initial stulies that would use both 

cross-sectional am longitulinal prospective experillental designs in 

appr~iately described maln:>urished populations. krj data currently 

available are pt"el.iminazy and the entixe field must be investigated afresh. 

Initial descriptive stulies may be acoonpani.ed cmcurrently or be followed 

sequ:mtially by studies designed to define the effects of intez:ventioo 

with appropriate nutri tiona! therapy. 

It is well kr¥JWn that infectious diseases, trauna, and other 

fonrs of stress influence the various oonspec:ific factors of lx>st defense 

sudl as interferon am lysozymes; the nti..c:robial flora of the lx>st, the 

various anatanical barriers am pathways; a nurrber of exocrine secretions; 

the Fbysic::x:x:henical enviroom:mt of different body tissues; the ability 

to rrount, or sustain, an inflcmna:tary xeactioo; the febrile response; the 

various '{ilagocytic oell functions; the metalx>lic responses of the lx>st, 

with respect to utilization of proteins, carbcilydrates, lipids, minerals, 

electrolytes, traoe elert'ellts, and vitamins; the many individual enCbcrine 

respJnSeS; the various antinti..crd::>ial factors in plasma; the oonnal am 

stress-induced plasma proteins; am the various nediators that circulate 

within the blood. Each of these factors should be studied with r:espect to 
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its presence am functional adequacy during a:>rdi.tioos of malnutriticn, 

with and without the interrelated pmsenc:e of an infectious illness or 

other stress. 

Basic stu:li.es will require the develqrnent of suitable animal 

m:Xlels so that carefully defined experimental condi. tions can be used. '1hese 

nodels will be nes3ed to investigate am define the Iilysiological a:>ntrol 

mechanisms that influence ncnspecific responses of a host in various 

states of malnutri ticn. 

An extensive list of unanswered questioos can be used as starting 

{X)ints for the developrent of a series of null hypotheses that can be 

subjected to experimental exaninaticn in appropriate animal nodels for 

various fo:cns of malnutrition. 'Ihese questioos are: 

o lbw well can the mallx>urished host respald to inflanmatory stimuli 

throUJh producticn of acute-plase reactant glyooproteins by the liver? 

o Can arr:t of these acute-phase reactants seJ:Ve as diagnostic irdi.cators 

for the assessrrent of the degree and severity of malnutrition? 

o lbw do individual acute-pw;e reactants serve in helping to protect 

the host? 

o Why dc:es the body seem to place synthesis of acute-);tlase reactants 

in a high-priority status? 

o Does synthesis of these factors divert scarce an:in:> acids fran 

possible ina:>%p0ratian into specific imnurv::>globulins? 

o Does malnutri ticn cause alterations in canpositicn of the nonnal 

body flora, or pennit bacteria to localize in areas such as the 

duodenum am UH?& jejmun, fran which they are largely absent 

under nonnal o:ndi. tions? 
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o Do suc:::h changes in host flora influence resistance to infecticns 

or bacterial enterotoxins in a malnourished host? 

o Do various follllS of malnutriticn adversely affect the CXlllpetence 

of anatanical barriers to cause actual deficits in host resistance? 

o What role do deficiencies of electrolytes, minerals, and trace 

elements play in altering the ooDllal responsiveness of the host 

to an infectious illness? 

o Do the metal transport or binding proteins of serun, su:::h as 

transferrin, lactoferrin, or oeruloplasnin, play a role that is 

altered by malnutri ticn? 

Since many of the hoillaleS have a regulatory role in noospecific 

aspects of lx>st defense medlanism;, it is inp:>rtant to define the influence 

of malnutri ticn on erd:>crine IOOdulaticn of these responses. '1he role 

of the cr:ireoogll.lCXXXlrtiooids and of the pancreatic honrmes, insulin am 

glucagcn, deserves detailed study in both nan and experinental animals. 

'1he inflamnatory reSJ;X>nse deserves special attention. '!here is an 

awarent inability of sone malnourished subjects to develop, or sustain 

a noDllal inflamnatoey reaction in response to an appropriate stinulus. 

Lack of adequate pt"Otein intake seens to have a br~ effect on 

host defenses. lbwever, the role of individual nutrients m.JSt be defined 

for each of the above areas of research needed. Fbr instance, specific 

deficiencies of single vitamins, or other micronutrients such as iron 

or zinc, nrust be studied to detennine whether they have an cdverse inpact 

en only one or ~ areas of host resistance, or whether sinJle deficiencies 

will have broad effects. Furthel:nore, oc:rrbinaticns of less severe nutrient 

deficiencies nrust be stl.di.ed to det.ez:m.:ine whether there are additive or 

synezgistic effects. 
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IX. Inm..mization Procedures 

Presumably :i.nnmerable maloourished children have been subjected 

to i.nnumizations, mt as part of stulies but rather of inmunizatian 

catpaigns. Few specific data are available about the effect of these 

vaccines an malnourished children. Yet vaccines constitute well-defined 

antigenic stinuli and ocW.d readily be used as roodel systems for the study 

of inmune resp:>nse in mal.nutri tian. Since sate vaccines are based an 

admi.nistratioo of killed antigens and others en live antigens, a whole 

spectrun of analyses of the lx>st respoose could be<xrte available for 

investigaticn. 

Fran the available stu:ties it appears that with the excepticn 

of severe PCM, nutritional deprivation has relatively little SlJR>ressive 

effect on the htDDral inmunity of the host and that vaccines designed to 

effect sl.ldl a response prcbably would be effective in nalmurished 

individuals. Even nore, it appears that severe malnutrition c:k>es oot 

blunt a booster response. 'Iherefore it is probable that children inm.mi.zed 

during the first year of life, when they tend to be better oourished 

as the result of breast feedi.nJ, might respcnd appropriately to a booster 

vaccination later in life, when they are maln:>urished. 

On the basis of general infomaticn-if not accurate data-it 

seem; that virbJa.ll.y every vaccinaticn pmgran am::ng populations with 

many mal.lx>urished children, has been successful. 'lbe SllCX:ESS however was 

likely less than absolute owing to the problercB of malnutriticn. Regrettably, 

adequate stlrlies have oot been possible to define the extent of vaccination 

failure, but a nass vaccination carpaign has as its primacy aim interrupticn 

of transmissicn of a particular disease in large J;X>pulations. It has oot 

been custanacy within the scope of such carrpai.gns to evaluate individual 
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host responses. 'Ihe time has care to answer the fundanental questicns 

alx>ut :iJmune responses in nalnutritian. 'Iherefore it is IOOSt .inqx>rtant 

that futme vaccination ~gns include studies evaluating respooses 

of malnourished hosts to these ready"11lade antigenic stimuli. 

'Ihe questicns that might be answered throUJh such studies cue: 

Does vaccination protect a nal.oourished child to the sane extent that it 

protects a lXlrlllCll. child? Does it harm a malnourished child, even as it 

is hamlless for the noJ:mal child? Does administraticn of live attenuated 

viruses lead in the malnourished child to the devel.opnent of slow, 

persistent infecticns? Does vacci.naticn fail because of malnutriticn, 

ard, if it does, <Des it provide no protecticn, or only partial protection, 

or is the I%'Otecti ve effect delayed? If there is failure of host respcnse 

to vaccine arong maloourished chilch:en, would short-teJ:m fcxxi supplementation 

tenporally related to the administraticn of the vaccine improve its 

effectiveness? Are there seasonal variations in respc:mse to vaccines? 

If so, are they ~ely clinatic, or do they indirectly reflect states of 

nutri ticn, because availability of fcxxi nay be related to specific seasons? 

Conclusicns 

It is the recultleOOa.ticn of this Slixxmmittee that studies of the 

i.nmme resp:>nse of the malnourished host be strongly enoouraged am 

supported. 

In addition, in view of the severe, but appropriate, limitations an 

hmnan sl.bject i..nvestigaticn, a major effort should be directed tcMard 

investigaticn of animal IOOdel. syst.ens. 'lhere are many cdvantages to 

such animal studies. 
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o A body of data can be developed as a basis for the design of 

hunan stuiies in the future. 

o A stecdy state of malnutrition can be achieved am maintained 

througb:>ut the investigation. 

o Unifonn IlDdels can be developed, which wruld penni.t ex11parability 

throu:Jb:>ut the investigatioo. 

o Influences of individual variables can be isolated am evaluated 

and an analysis of pernutatioos of selected variables made possible. 

o Clear distinction can be achieved between influence of malnutri tioo 

per se arrl infection per se. 

o SO{ilisticated studies in the best lal:x:>ratories can be desigred 

and expertise of investigators, who d::> oot usually oooouct 

etmbersone hunan field stl.dies, exploited. 

Nevertheless well designed ethical investigations of oost defenses 

against infection should be carried out in rnal.oourished hunan populations 

in different parts of the world. Such stuiies must oot interfere with any 

progrcms directed towards therapy and rehabilitation of the nalnourished 

i.rrlivi.duals and they nust be safe for the subjects studied. It is inevitable, 

therefore, that they will have certain limi.tatioos that cann:>t be overo:me. 

In general, however, it is better to realize that a particular sttrly 

canrx>t be done well and aband::>n it than to plan a feasible one that 

would be uncritical and would oot yield reliable data. 'lherefore it is 

better to enoourage utilization of available opportunities am assign 

priori ties to s\.X:h stl.dies. 
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