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Abstract 

Although it is likely that individual iron status will influence infections, re

sults of various studies on immune response in iron deficient children remain 

controversial. This situation is becoming more complicated if projected in clinical! 
iield trials where multi and illlerrelared factors contribute to the occurrence of 

infection as commonly found in developing coulllries. 

Our results in this field study in semi urban areas which covered 95 children 

of low and moderate socio-economic fammes showed that,' 

I. Iron deficient children are /IIore susceptible to infection than normal children. 

2. The frequency of infection is correlated with the severity of iron deficiency, 

but not with the hemoglobin level. 

3. In under-nourished children, however, the frequency of infection depends 

mainly on the nutritional status rather than on the degree of iroll deficiency. 

This p:lrer was presented at othe Symposium on "Iron Deficiency", XVI IPA Cong

ress in Bnrczlona. September t 980. 
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Introduction 
11 is generally accepted that iron defi

ciency is a worldwide problem, and :ts 

prevalence as well as its scrious compli
cations are mostly found in developing 

countrie;_ Vanious studies indicate Ibat 

iron deficiency is by far tbe most com

mon cause of nutritional anemia. There

fore it is not surprising that in develo

ping countries iron deficiency may be
long to the 4 major problems of nutri

tional disorders. 

Studies in many arcas of developing 

countries have shown that the prevalence 

of iron deficiency anemia is not less than 
50% among under-five children (Lovric, 

1976; Thanangkul, 1976; WHO, 1975) 

and this figure appears higher as the 

degree of malnutrition increases (Samsu

din et aI., 1976). Furthermore it is also 

reported that this disorder is mainly ob

served in infunts and young children :Jf 
low socio-economic status (Kulapongs, 

1975; Soemantri, 1978; Untario el aI., 

1976). 

A still greater incidence of iron defi

ciency would presumably be detected if 

iron storcs were evaluated (Kimber, 

1976). The high incidence of hypoferre

mia is also common in industrialized co

untries. The figures from the United Sta

tes revealed the incidence of 47% in 

children I - 2 years of age, 62% in chil

dren of low socia-economic groups, and 
even still high incidence of 39% is ob

served in children of upper-middle-class 

famili::s (Owen et al.. 1970). 

Tbe concept that iron deficient chil

dren are more prone to infections has 

been recognized by several investigators 
during the last 2 decades. Although this 

relationship is still controversial (Buck
ley, 1975; Burman, 1972; Douglas Wil

son, 1974) there are some evidences that 
infants and children, who have moderate 

to severe iron deficiency, tend to have 

more infections than those who arc nor
mal (Andelman and Sered, 1966; Doug

las-Wilson, 1974; Scrimshaw, 1975; 
WHO, 1975). Nevertheless, epidemiologi

cal studies which attempt to recognize 
the role of iron deficiency in increasing 

the rate of infections arc difficult to be 
interpreted, since nutritional slatus may 

also interfere the mechanism of this re

lationship. 

/rol1 ill relation >/0 infection suscepti

bility and host defence 

It has long been known thai iron de
ficiency Jesuits in a variety of tissue cha

nges and impaired function of many 

organs (Jacobs, 1969). DNA synthesis, 
mitosis, enzyme activity are affected ad

versely by .lack of iron. Moreover, iron 

may have a direct effect on the deve

lopment of lymphoid tissue and body 

resistance to infection (Douglas-Wilson, 

1974; WHO, 1975). There is an increa

sing evidence that iron deficiency may 

play a role in the ability of the indivi

dual defence against infection. Jill the 

last few years this opinion leads the in

terest of m::ny investigators to study the 

mechanism of this functional impairment 

cau£ed by iron depletion, either through 

laboratory or epidemiological studies. 

The body's defence against microorga

nism depends to a large extent upon 3 
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major functions: ( 1) Phagocytic activity 
of the WBe. (2) Humoral immun:ty and 
(3) Cell-mediated immunity. 

Some investigators reparted that pha
gocytic activity of WBC was decreased 
in iron deficient children. Chandra (1973) 
and Chandra and Saraya ( 1975) obser
ved a sub-normal activity of the bacteri
cidal capacity of PMN leucocytes and 

suggested that iron deficiency may ;,iso 
impair the activity of iron dependent en
zymes necesslry in bacterial killing. A 
similar result of impaired bactericidal 
activity has also been obtained by seve
ral authors (Arbeter et aI., 1971; Higa
shi et aI., 1967; Mac Dougall et aI., 1975: 

Prasad, 1979). 

Mac Dougall et al. (1975) further sta
ted that the defect in immune response 
could be detected in latent iron defici
ency before the developmoot of clinical 
anemia. On the other hand Kulapongs 
( 1975) a'ld Kulapongs et al., ( 1974) could 
not confirm the presence of decreased 
phagocytic activity, since in vitro studies 
or phagocytosis and killing by I'MN cei"ls 

in their cases of iron deficiency anemia, 
were entirely normal. In addition. in vi
tro observations as well as animal studi
es showed that hypoferremic sera may 
inhibit the growth of bacteria, which 
means that the child deficient in iron 
shauld rp.spond better than one who is 
ironrcp!ere. Although th�re are discre
panci�> between the resulls of these 
various studies, most of the authors be
'!ieve that significant abnormalities of 
this particular immune system still exist 

in iron deficient .subjects. 

The mechanism of impaired phagocy
tic function in iron-deficiency is suppo
sed to be related with decreased activity 
of iron-dependent enzymes. Iron is an 
integral par, of severai leucocyte enzy
me systems and iron-deficiency may al
leI' their activity. Thc activity of cyto
chrome-C and cytochrome oxydase, each 
of which is an iron-containing enzyme, 
involved in intracellular oxygen transport 
and energy production, is reduced in 
iron-deficient subjects. Several data on 
cases with iron-deficiency (Higashi et aI., 
1967: Prasad, 1979; Soemantri, 1978) 

revealed a significant reduction in MPO 
activity, the iron-containing enzyme res
ponsible for the bactericidal function of 
PMN cells. 

To some extent iron-deficiency may 
also "Iter humoral, antibody response. 
Studies in experimental animals have 
clearly shown that humoral antibody 
production was impaired in iron-defici
ent weanling mts after administration of 
tetanus toxoid (Nalder et aI., 1972). Hu
moral antibody response in iron-deficient 
children, however, does not alter signi
ficantly compared with a control group 
of non-iron-deficient. Little differences 
of the results in various studies are re
ported, probably due to the influence of 
infection or antibiotic therapy. 

CIH�dro and Saraya (1975) found a 
normal antibody response in 16 iron-de
ficient children, as confirmed by concen
lration of serum IgG, IgA and IgM, as 
well as by antibody responses to tetanus 
toxoid and S. typhi vaccine. Concentra
tions of C3 complement were slightly 
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low, but this reduction was significant 
only in cases with concurrent infection. 

In another study (Mac Dougall et aI., 

1975) it was "oted that none of the iron

deficient children had evidence of im

munoglobulin deficiency, as judged by 

the normal serum concentration of IgG, 

19A and IgM, and salivary IgA. The 

anemic children had mean JgG afld IgA 
concentrations significantly higher than 

the latent iron-deficient subjects, but 

were not significantly different from the 
control group. The concentration of C3 

component of complement, however, was 

significantly higher in children with iron

deficiency, which then returned to nor

mal values after administration of iron 

compound. 

Concerning cell-mediated immune res

ponBC most investigators are of the same 

opinion that in iron deficiency a decre

ased cell- mediatcd immunity was obser

ved (Srikantia et aI., 1976). This finding 

was proved by the results of various la

boratory examinations as shown, for 

example, by reduced in vitro lymphocyte 

transf0rmatJion )"(:':iponse to PHA and im

paired cutaneous delayed hypersensitivi

ty to several antigens (Chandra and Sa

raya, 1975; Fletcher et aI., 1975; Mac 

Dougall et aI., 1975); reduced DNA syn

thesis by lymphocytes stimulated with 

PPD and .lower prod uction of macro

phage migration inhibition factor in res

ponse to PPD and Crundida (J oynson et 

aI., 1972). The mechanism of this sub

normal immune response is suggested to 

be the consequence of T-Iymphocyte 

depletion, leading to impairment of DNA 

synthesis. On the contrary, Kulapongs et 

al. (1974) could not detect significant 

defects in cell-mediated immune respon

se of 8 children with severe iron defici

ency anemil, since these children had 

normal PHA-stimulated blastcell trans

formation and tritiated-thymidine uptake. 

A summary of available data on the 
status of 3 components of host defence 

in iron deficiency is presented in table I. 

Clinical Implications 
As stated above, laboratory investiga

tions indicate the different findings con

cerning the role of i· ron on immune res

ponse. This dis�repancy seems to be 
more complicated of projected into the 

f.ield of clinical studies. There are clini

cal situations which support the impres
sion that the availabiLity ot fron may 

contnbute to ;nfection, examiJles of 

which are as foilows: 

Breast-fed babies appear to be more 

resistant to gastroenteritis than to artifi

cially-fed babies and this may be due to 

lactoferrin in human milk (Builen et aI., 

1972). Iron injections when given for 

the treatment of anemia may make chro

nic renal infection flare up (Fletcher, 

1971); the incidence of malaria increases 

when iron deficiency anemia is treated 

(Masawe et aI., 1974). 

On the contrary, iron deficiency ane

mia is believcd to increase susceptibility 

to infection; the incidence of gastroin

testinal and respiratory tract infections 

was 40 - 50% greater in infants who did 

not receive iron supplementation (Andel

man and Sered, 1966). 

Though there is still a discrepancy, 

the possible mechanisms make it likely 
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that individual iron status will influence 
infections. Nevertheless, the clinical im· 

plications of this remain unsettled since 

more variables may be involved, which 

must be taken into consideration in or· 

der to get reliable clinical results. At 

least there are 3 major determinants 

which may influence the clinical fin· 

dings: (I) Microbial iron metabolism, 

(2) Host response to infection in iron 

deficient children, (3) Difficulties in c1i· 

nical as well as in field trials. 

From various studies on microbial 

iron metabolism, it is generally accepted 

that transferrin inhibits bacterial growth 

in vitro by binding iron so tightly that 

no free iron is available for growth of 

the micro·organisms. This v,ew ·is sup· 

ported by animal studies where growth 01 
bacteria was enhanced by injections of 

iron, while pretreatment with iron che· 

lating agents confers protection (Lukens, 

1975). Since free iron is also necessary 

for microbial growth, the microorga· 

nisms synthesize substances which are 
capable for binding of iron (sideropho. 

res) in order to be alJle to compete wHh 

transferrin. This concept supports the 

opinion of increased resistance in iron 

deficient subjects. The second point 

which may influence tl;e result of clinic· 

al findings is the unclarified mechanisms 

of immune system itself in iron deficient 

subjects, which have been discussed in 

detail abov:::. Unreliable data may also 

be due to many variables involved in 

making clinical/field trials, as well as 

to the complexity of materials studied, 

particularly in developing countries whe· 

re the difficulties will arise in finding 

cases of pure iron deficiency, or where 

infection occurs as the result of multi· 

rei a ted factors. 

In this context our experiment in semi 
urban areas will be presented where pe· 

nipheral biood. serum · iron, ,ron binding 

capacity, serum ferritin as weill as nutri· 

tional status were examined. This inves· 

tigation which covered 95 iron deficient 

children of low and moderate socio·eco· 

nomic families revealed that the majori· 

ty of ca,;es belonged to the second and 

third degree of iron deficiency (table 2). 

Only one th·ird of weU·nourished child· 

ren showed the symptoms of anemia in 

comparison with under·nourished child· 

ren where two third of cases belonged 
to the third degree of iron deficiency. 

If we consider the relation between 
the frequency of infection and the stages 

of iron deficiency, as presented in table 

3, it is obvious that iron deficient child· 

ren are more susceptible to infection 
than the control group of non·iron defi· 

cient, regardless the nutritional status of 

these children. 

Furthermore it is likely that in well· nOli· 

rished cases a correlation between the 

freq uency of i'nfec�ion and the degree of 

severity of iron deficiency exists, which 
is not the case in lInder·nourished child· 

ren where the frequency of infection de· 

pends mainly on the nutritional status 

rather than on the severity of iron defi· 

ciency. 

Figure 1 illustrates also that in well· 

nourished children the lower the value 

of serum iron the greater the chance to 

get infection. On the other hand it seems 

that there is no correlation between the 
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frequency of infection and the Hb con

tent either in well-nourished or in under

nourished groups. 

Concerning the relation between infec

tion and the age of cases as illustrated 

in table 4, it appears that most of the 

cases being prone to infection are of 

under-five children, particularly those 

who belong to the group of under-nou

rished (80,0%). 
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Considering the whole problems of 

the role of iron on body immune res

ponse further investigation should be 

carried out since it is closely related to 

the country's policy of iron fortification 

(Bolin. 1976) as well as to the program

me of immunization (Nalder et aI., 1972), 

mainly in developing countries where the 

prevalence of iron deficiency and infec

tion remains very high. 
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TABLE 1 . Dala all hosl defense in iron deficiency. 

Phagoeyt;; function I Humpral immunity 

I I 
Cell 

Authors Bnctericidol 

I 
Phogoc)"· Immuno mediated 

k illing fun-
tosis 

Complement 
globulin immunity 

ction 
Arbeter et al. impaired impaired - - -

1971 
Joynson, et al. - - - - impaired 
1972 
Kulapongs, et normal normal - - normal 
al. 1974 
Chandra & impaired normal normal, C3 (n) norm�1 impaired 
Saraya, 1973 
1975 
Fletcher, et al. - - - - impaired 
1975 
Mac Dougall impaired - nermal. C� i" normal impaired 
et al. 1975 
Prasad, 1979 impaired - - - -

Srikantia, et - - - - impaired 
al. 1976 

TABLE 2 Dislriblllioll of cases relaled 10 slages 01 iroll slatus. 

W·,II-Nourished 

\ 
Under-Nourished 

Stage I I I Il I III I \ Il \ III 

No. of I I 36 17 0 14 27 
casei 

% 68,5% 31,5% - 34,1% 65,9% 

TABLE 3 Relaliol/ship betweel1 slages of iron deficiency al/d frequellcy of i"fection. 

Well-Nourished Und�r-Nourishcd Control 

Stage II III II III Group 

No. of 27136 15/17 12/14 24/27 6138 
cases 

% 75,0% 88,4% 85,7% 88,8% 15,8% 

TABLE 4 .; Frequef'C\1 vf i,,/cclioH in relalion 10 age 

I 
Well-Nourished 

I I 
Under-Nourished 

I Age 

I 
Total 

I 
Total 

II III II JIl 
<5 yrs 

/+1 
6 

I 
15 

I 
7 

I 
21 

I 
28 

>5 yr. 9 27 3 4 7 
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