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The pathophysiologic mechanisms of increased susceptibility to and severity of injections

in malnourished children were investigated in 90 patients. The tonsils were small in

47 children, and significant lymphopenia was observed in 15. There was a significant

depression of serum siderophilin and complement component C3. Serum immunoglobulin
levels were relatively high especially in the presence of infection. Malnourished

children without infection had hypoimmunoglobulinemia G. Antibody response to
tetanus toxoid was adequate, but response to S. typhi vaccine was significantly reduced.

Cutaneous hypersensitivity was distinctly impaired. The in vitro lymphocyte

tranformation response to phytohemagglutinin stimulation was reduced. Mantoux
conversion following BCG vaccination occurred in 22 per cent of the study group

compared to 72 per cent of the healthy control subjects. It is suggested that several
facets of immunocompetence are adversely affected in a state of malnutrition.

THE S Y N ERG 1ST I C interaction of
infection and malnutrition is well recog-
nized on the basis of clinical observations
and epidemiologic data.' However, the
pathophysiologic mechanisms involved are
not clear. In defense against bacteria, vi-
ruses, and other pathogens, several facets
of immunocompetence corne into play; it is
possible that one or more of these may be
adversely affected by undernutrition. There
are no comprehensive systematic studies in
this area of medicine.

PATIENTS AND METHODS

The diagnosis of malnutrition was made
in 90 children, ages 12 to 36 months, on the
basis of: (1) history of failure to thrive and
inadequate intake of calories and proteins;
(2) weight and height below the tenth per-
centile on standard charts for healthy chil-
dren in the communi ty,2 and (3) clinical
features such as loss of subcutaneous fat,
hair and skin changes, and anemia. Healthy
children matched for age and sex served as
control subjects.

Table L Size of tonsils

The size of the tonsils was assessed clini-
cally and graded arbitrarily into four cate-
gories (Table I). Lymphocyte counts were
obtained on peripheral venous blood; an
absolute lymphocyte count less than 2,500
per cubic millimeter was considered to be
pathologically 10w.S Serum levels of com-
plement C3, siderophilin, and immunoglobu-
lins G, A, and M were estimated immuno-
chemically by the single radial diffusion in
agar method."

Tetanus toxoid (Glaxo Laboratories India
Ltd., Bombay) was injected intramuscularly
in a dose of 1 ml. and repeated after four
weeks. Blood for determination of antitoxin
activity" was obtained ten days after each
inoculation. Typhoid vaccine (Glaxo Lab-
oratories India Ltd., Bombay) containing
1,000 million bacilli of S. typhi per milli-
liter was given subcutaneously in a dose of
0.2 to 0.3 ml. and repeated after 11 days.
Blood was collected for estimation of ag-
glutinin titer ten days after each injection;
antibody levels of both 0 and H types were
determined."

Tonsil size
No. of Barely Visible but IEnlarged beyond I Massive

Group children visible not enlarged faucial arch enlargement
Healthy 100 11 55 25 9Malnourished 90 47 37 4 2
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The capacity to develop delayed hyper-
sensitivity was investigated by applying 10
per cent 2,4-dinitrochlorobenzene solution
in acetone to one forearm, and one month
later, a challenge dose of 0.2 ml. of 0.5
per cent dinitrochlorobenzene solution was
used on the opposite forearm. The chal-
lenge site was examined after 48 hours and
the reaction graded: no response, erythema,
or vesiculation. Delayed hypersensitivity was
also assessed by intracutaneous injection of
three common antigens: Candida, strepto-
kinase-streptodornase, and trichophyton. In-
duration of 8 mm. or more was considered
a positive reaction.

The in vitro lymphocyte transformation
response to phytohemagglutinin was studied
in eight patients and six control subjects, by
the method described by Knight and asso-
ciates.' A total of 1.5 million lymphocytes
were used in each culture tube, and after
incubation for 96 hours the incorporation
of tritiated thymidine into trichloracetic acid
precipitated material was measured and ex-
pressed as counts per minute.

In 23 patients with radiologic, histopatho-
logic, or bacteriologic evidence of active
tuberculosis, the Mantoux test was per-
formed simultaneously on the two forearms
with 5 T.V. and 50 T.U. of old tuberculin,
respectively.

One tenth milliliter of BCG vaccine
(Government of India BCG Laboratories,
Madras ) was given intradermally. The con-
version of Mantoux reaction after BCG vac-
cination 'was assessed 10 to 12 weeks after
inoculation of the vaccine by testing simul-
taneously with 5 T.V. and 50 T.U., respec-
tively, of old tuberculin in the two forearms.

RESULTS

Tonsil size. In the rnajouty of healthy
infants, the tonsils were clearly and easily
visible (Table I). In 34 per cent they were
enlarged beyond the faucial arch. In nine
children, they almost touched the uvula. In
malnourished subjects there was significant
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atrophy, the tonsils being hardly visible in
52 per cent. Only six children in the mal-
nourished group had enlarged tonsils.

Lymphocyte count. The absolute lympho-
cyte count was less than 2.500 per cubic
.millimeter in 15 (16 per cent) of 90 mal-
nourished infants. None of the healthy chil-
dren had lymphopenia of this extent.

Siderophilin. Serum siderophilin values
were significantly lower (p < 0.001) in the
malnourished patients than in the control
subjects (Table II). 'The values ranged from
35 to 195 mg. per 100 ml.

Table II. Serum levels of siderophilin and
complement component C3 (values are given
as geometric means and standard deviations)

Group

Complement
No. of Siderophilin component

children (mg. CO) C3 (mg. %)

Healthy
Malnour-

ished

50 240 ± 49 136 ± 31
50 98 ± 37 95 ± 33

Complement component C3. Serum levels
of complement component C3 were slightly
but significantly (p < 0.02) lower in the
malnourished children than in the control
subjects. The range of values was from 26 to
145 mg. per 100 ml.

Immunoglobulins. All of the three immu-
noglobulins measured were found to be in
higher concentrations in the study group as
a whole. However, it was soon apparent that
the very wide scatter of values indicated
two subpopulations of children: those with
concurrent or recent history of infection and
those without such evidence. In the former,
the serum immunoglobulin values were raised
tremendously, whereas in the latter, there
was a very significant lowering of IgG (p <
0.001), and to a lesser extent, of IgA (p <
0.05) as well (Table III).

Antibody response. The mean titer of anti-
toxin activity was lower in the malnourished
children (Fig. 1), both in primary and sec-
ondary responses to administration of tetanus
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Table III. Serum immunoglobulin levels (geometric mean values and standard
deviations are given)

No. 0/ IgG IgA IgM
Group children (mg. %) (mg. %) (mg. %)

Healthy 150 1,080 ::t 192 110 ::t 29 88 ::t 21
Undernourished with infection 50 2,563 ::t 511 196 ~ 51 167 ::t 39
Undernourished without infection 12 625 ::t. 207 87 ::t 23 81 ::t 25

Table IV. Sensitization to 2,4-dinitrochlorobenzene

No. 0/ Grade of reaction

Group children No response Erythema Vesiculation

Healthy 15 a 3 12
U ndernou rished 23 15 8 a

toxoid. However, the differences were not
sta tisticaIIy significant (p > 0.05).

Agglutinin titers against S. typlii were
lower in patients than in healthy control
subjects, both at the primary and the sec-
ondary levels (Fig. 2).

Delayed hypersensitivity. The frequency
of sensitization to dinitrochlorobenzene was
significantly lower in the malnourished chil-
dren (Table IV). None of them showed
vesiculation on challenge application, where-
as 80 per cent of healthy control subjects
had this severe form of reaction.

The analysis of cutaneous hypersensitivity
to other antigens was done separately for
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Fig. 1. Log means of tetanus antitoxin response to
primary and booster injections in healthy (open
columns) and malnourished children.

those above and below the age of two years,
since there is a significant difference in the
frequency of reactions, even in healthy sub-
jects, related to age. In each subgroup the
malnourished children reacted to Candida,
streptococcal antigens, and trichophyton less
often than did the healthy matched children
(Table V).

Of 23 children with active tuberculosis,
six had a positive Mantoux reaction to 5
T.U. of old tuberculin. With the use of 50
T.U., the Mantoux test was positive in ten,
including the six children who had indura-
tion with the smaller dose of tuberculin.
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Fig. 2. Agglutinin titer (geometric mean values)
to S. typhi 0 and H antigens following primary
and booster injections in healthy (open columns)
and malnourished children.
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Table V. Cutaneous hypersensitivity tests
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Age No. 0/
(yr.) Croup children

< 2 Healthy 15
Malnourished 15

> 2 Healthy 15
Malnourished 15

No. with posttuie reaction

I Streptokinase-I
Candida streptodornase Trichophyton

5
1

11
3

7
2

4
o
7
2

10
3

Table VI. Conversion of Mantoux reaction 3
months after BCG vaccination

Croup 5 T.U. 150 T.U.

No. with postttue
Mantoux testNo. 0/

children

Malnourished
Healthy

9
36

50
50

11
36

Tuberculin conversion following BeG.
The tuberculin reaction 10 to 12 weeks fol-
lowing BCG vaccination was positive in 22
per ccnt of malnourished subjects and in 72
per cent of control subjects (Table VI). The
conversion rate was less when 5 T.V. of old
tuberculin was employed for testing.
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Fig. 3. Thymidine uptake by lymphocyte cultures,
unstimulated and phytohemagglutinin-stimulated,
in healthy (open circles) and malnourished chil-
dren.

Lymphoblast transformation. The results
of the in vitro lymphocyte stimulation re-
sponse to phytohcmagglutinin are illustrated
in Fig. 3. In the undernourished children,
the log mean value of thymidine uptake
was 232 counts per minute for the unstimu-
lated cultures and 655 per minute for the
phytohemagglutinin-stimulated cultures. The
corresponding figures for the healthy con-
trol subjects were 2i5 and 2,650, respec-
tively. The difference in thymidine uptake
by the phytohemagglutinin-stimulated cul-
tures in the study and control groups is sta-
tistically highly significant (p < 0.001).

DISCUSSION

Rarualingaswarni" stated that, "nutrition
is an essential part of the mosaic of factors
that determines the natural history and bio-
logical gradient of disease, especially in the
developing world." In no other area is this
statement more dramatically illustrated than
in the interaction of malnutrition and in-
fection .

Protein calorie deficiency exerts profound
effects on cellular growth and function.
Every cell type and organ is involved, al-
though to a variable degree and at different
times. Organs with a high rate of cell re-
newal, such as the small gut,9 bone mar-
row.!? and lymphoid tissue;" are affected
the most. Early in life, calorie restriction
impedes cell division and organ growth and
differentiation, which may result in perma-
nent stunting.P Such a reduction in DNA
synthesis may, under certain experimental
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conditions, persist in second-generation off-
spring.P Later in life, malnutrition affects
cell size and composition.P which is often
reversible following nutritional recovery.

Lymphoid tissues in the starved individual
involute significantly. There is a depletion
of thymocytes and of cellular elements in
the germinal centers of the spleen and
lymph nodes.v' These cellular changes may
be the direct result of reduced availability
of nutrients necessary for synthesis of cell
components or might be mediated through
complex alterations in hormonal balance.
Raised levels of plasma cortisol in children
with protein-calorie malnutritiorr'" may de-
press the thyrnolymphatic system. The sig-
nificant reduction in the size of tonsils in
malnourished children ma y reflect the
relative involution of lymphoid tissues
throughout the body. At autopsy, children
with kwashiorkor have a shrunken thymus."

In malnourished children without evi-
dence of concurrent infection or a recent
history of it, there was a significant lower-
ing of serum immunoglobulin G levels. Such
a deficiency may predispose to infection.
However, the capacity of these infants to
respond to bacterial challenge seems to be
intact, since those with infection had sig-
nificantly elevated levels of all three immu-
noglobulins in comparison with values in
healthy control subjects." Najjar and asso-
ciates " found high levels of immunoglobu-
lins in sera from seven marasmic infants.
However, no mention was made of the
presence or absence of infection. Cohen and
Hanscri'" found the distribution and turn-
over of gamma globulin to be relatively un-
affected by malnutrition; in patients with
kwashiorkor and infection, the gamma glob-
ulin synthesis rate was three times higher
than in kwashiorkor and no infection. They
suggested that antibody-forming cells pref-
erentially use available amino acids and
that the synthesis of other biologically im-
portant proteins may thereby be seriously
jeopardized and precipitate clinical rnani-
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festations.
In our study, the antibody response to tet-

anus toxoid was satisfactory but that to S.
typlii was impaired in malnourished chil-
dren. The physical state of the antigen may
be important; particulate material may be
handled differently. There are several re-
ports of reduced antibody formation follow-
ing antigenic challenge in starved animals
who were hypoproteinemic." The data in
man are controversial; a reduction in anti-
body' response"? and adequate response"
have been recorded.

The serum level of siderophilin was sig-
nificantly low in malnourished children, a
reflection of the deranged protein synthesis
by liver cells. Siderophilin is believed to
have antibacterial properties; a severe re-
duction in its levels is associated with grave
prognosis."

Complement component C3 is synthe-
sized by liver cells as well as by lympho-
cytes. We found a significant reduction in
its level in the sera of undernourished chil-
dren. This may well be the result of reduced
synthesis, as is also seen in acute viral hepa-
titis." However, our observations on the
presence of metabolic conversion products
of C3 and on immunoconglutinin levels'"
point to the possibility of utilization of the
complement in defense against bacteria and
other pathogens. The opsonic activity of
plasma, to which complement contributes,
is increased in protein-calorie malnutrition;"
but this may be due to the presence of
specific antibodies which facilitate the up-
take of bacteria by phagocytes.

Our observation of reduced in vitro
lymphocyte transformation response to phy-
tohemagglutinin and impaired delayed
hypersensitivi ty to dini trochlorobenzene,
Candida, streptokinase-streptodornase, and
trichophyton confirms the depression of cel-
lular immunity in malnutrition. This may
well be a significant pathophysiologic altera-
tion contributing to an increased suscepti-
bility to infection in children who fail to
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thrive optimally. The clinical expenence of
frequent dissemination of Candida and
herpes simplex infectiorr'" in malnourished
subjects supports the laboratory findings of
impaired cell-mediated immunity.

In our study, malnourished children with
active tuberculosis showed anergy to tuber-
culoproteins, which was partly overcome by
employing a higher dose of the antigen.
Axet'rod2i has. recently reviewed the ex-
perimental data which demonstrate that ani-
mals with growth failure due to pyridoxine
deficiency do not respond to tuberculin un-
til the deficiency has been corrected. The
failure to respond may result from the lack
of one or more nutrients; in a particular
child, more than one factor may be opera-
tive.

Our observation of a low conversion rate
of Mantoux reaction following BeG vac-
cination in undernourished children is in
accord with the data of Harland.f" except
that we found the impairment to be abso-
lute. These findings may have a wide public
health significance as to the effectiveness of
mass BeG vaccination campaigns in popu-
lations with rampant malnutrition.

In a separate study,2(i we have reported
normal phagocytosis and reduced intra-
cellular bacterial killing by polymorpho-
nuclear leukocytes of malnourished children.
The synthesis of lysosomal enzymes may be
limited by the availability of amino acid
precursors. Two important enzymes in-
volved in intracellular bacterial digestion-
nicotinamide adenine dinucleotide phos-
phate reduced oxidase and myeloperoxidase
-are reduced in undernutrition." There
is a reduction in iron-dependent rnyelo-
peroxidase and bacterial killing by ph ago-
cytes of iron-deficient subjects."

The data in our study substantiate the
clinical arid epidemiologic belief that mal-
nutrition alters the immune response of the
host. It would be ideal if one could quanti-
tate the effect of the deficiency of each es-
sential nutrient on each distinct component
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of host defense. This can be possible in ex-
perimental animals, in whom the entire enor-
mow; range of nutritional and immuno-
logic variables can be manipulated. Studies
on children with malnutrition have the
limitations of dealing with multiple defi-
ciencies, some clinically apparent, others
subclinical but nevertheless significant, and
of the ethics of long-term observations with-
out vigorous nutritional rehabilitation. How-
ever, clinical studies have the merit of direct
relevance to the human situation. Our ob-
servations point to impaired immunocompe-
tence and ineffective response to immuni-
zation procedures.

I am grateful to Professor O. P. Ghai for con-
stant encouragement and permission to publish
this paper, to Dr. Kamla Balakrishnan for help
in lymphocyte studies, and to Glaxo Laboratories
for technical help in tetanus antitoxin estimations.

REFERENCES

1. Scrimshaw, N. S., Taylor, C. E., and Gordon,
J. E.: Interactions of nutrition and infection,
Geneva, 1968, World Health Organization,
Monograph series No. 57.

2. Ghai, O. P., and Sandhu, R. K.: Study of
physical growth of Indian children in Delhi,
Indian J. Pediatr. 35: 91, 1968.

3. Johnston, R. B., and Janeway, C. A.: The
child with frequent infections: Diagnostic
considcrarions, Pediatrics 43: 596, 1969.

4. Mancini, G., Carbonarra, A. 0., and Here-
mans, J. F.: Immunochemical quantitation of
antigens by single radial immunodiffusion,
Int. J. Immunochem. 2: 235, 1965.

5. Turner, T. B., Stafford, E. 5., and Goldman,
L.: Studies on the duration of protection af-
forded by active immunization against tetanus,
Bull. Johns Hopkins Hosp. 94: 204, 1954.

6. Weil, A. J., and Saphra, I.: Salmonellae and
shigellae. Laboratory diagnosis correlated with
clinical manifestations and epidemiology,
Springfield, IlL, 1953, Charles C Thomas,
Publisher.

7. Knight, S., Ling, N. R., Sell,S., and Oxnard,
C. E.: The transformation in vitro of pe-
ripheral lymphocytes of some laboratory ani-
mals, Immunology 9: 565, 1965.

8. Ramalingaswarni, V.: Interface of protein
nutrition and medicine in the tropics, Lancet
2: 733, 1969.

9. Deo, M. G., and Ramalingaswami, V.: Reac-
tion of the small intestine to induced protein
malnutrition in Rhesus monkeys. A study of



154

cell population kinetics in the jejunum, Gas-
troenterology 49: 150. 1965.

10. Sood, S. K., Deo, M. G., and Ramalinga-
swami, V.: Anemia in experimental protein
deficiency in the Rhesus monkey with special
reference to iron metabolism, Blood 26: 421,
1965.

11. Chandra, R. K.: Antibody forming cell re-
sponse in acute and chronic starvation. In
press.

12. Winick, M.: Cellular growth during early mal-
nutrition, Pediatrics 47: 969, 1971.

13. Zamcnhof, S., van Marthens, E., and Grauel,
1..: DNA (cell number) 10 neonatal brain:
Second generation (F,) alteration by ma-
ternal (Fs ) dietary protein restriction, Science
172: 850, 1971.

14. Alleyne, G. A., and Young, V. H.: Adreno-
cortical function in children with severe pro-
tein calorie malnutrition, Clin. Sci. 33: 189,
1967.

15. Trowell, H. C., Davies, J. N. P., and Dean,
R. F. A.: Kwashiorkor,. London, 1954, Ed-
ward Arnold (Publishers) Ltd.

16. Chandra, R. K., and Ghai, O. P.: Serum im-
munoglobulins in healthy children from birth
to adolescence, Indian J. Med. Res. 60: 85,
1972.

17. Najjar, S. S., Stephan, M., and Asfour, R. Y.:
Serum levels of immunoglobulins in marasmic
children, Arch. Dis. Child. 44: 120, 1969.

18, Cohen, S., and Hansen, J. D. L.: Metabolism
of albumin and y-gk>bulin in kwashiorkor,
Clin. Sci. 23: 351, 1962.

19. Cannon, P. R.: The importance of proteins in
resistance to infection, J. A. M. A. 128: 360,
1945.

20. Hodges, R. E., Bean, W. B., Ohlson, M. A.,

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 2, NO.3

and Bleiler, R. E.: Factors affecting human
antibody response, Am. J. Clin. Nutr. 10: 500,
1962.

21. Pretorius, P. J., and de Villiers, L. S.: Anti-
body response in children with protein mal-
nutrition, Am. J. Clin. Nutr. 10: 379, 1962.

22. Antia, A. U., McFarlane, H., and Soothill,
J. F.: Serum siderophilin in kwashiorkor,
Arch. Dis. Child. 43: 459, 1968.

23. Chandra, R. K.: Immunological picture in
Indian childhood cirrhosis, Lancet 1: 537,
1970.

24. Chandra, R. K.: Serum complement and im-
rnunoconglutinin in malnutrition. In press.

25. Seth, V., and Chandra, R. K.: Opsonic ac-
tivity, phagocytosis and bactericidal capacity
of polymorphs in undernutrition, Arch. Dis.
Child. 47: 282, 1972.

26. Becker, W., Nande, W. DuT., Kipps, A., and
McKenzie, D.: Virus studies in disseminated
herpes simplex infections: Association with
malnutrition in children, S. Afr. Med. J. 37:
74-, 1963.

27. Axelrod, A. E.: Immune processes in vitamin
deficiency states, Am. J. Clin. Nutr. 24: 265,
1971.

28. Harland, P. S. E. G.: Tuberculin reactions in
malnourished children, Lancet 2: 719, 1965.

29. Sbarra, A. J., Jacoba, A. A., Strauss, R. R.,
Paul, B. B., and Mitchell, G. W., Jr.: The
biochemical and antimicrobial activities of
phagocytosing cells, Am. J. Cin. Nutr. 24:
272, 1971.

30. Higashi, 0., Sato, Y., Takarnatsu, H., and
Oyama, M.: Mean cellular peroxidase (Mep)
of leukocytes in iron deficiency anemia, To-
hoku J. Exp. Med. 93: 105, 1967.

Although it was known before Dr Chandra carried out this
study that malnutrition has.adverse effects on the functioning
of the immune system, I think that this paper of his provided
a great deal of much needed information.

Malnutrition has many sequelae, one of them being the
development of defects in various compartments of the immune
system. It is therefore hardly surprising that malnutrition is
frequently associated with bacterial and viral infections and
the resurgence of parasitic infections.

Dr Ranjit K Chandra has made this area his speciality and
has made many notable contributions to our understanding
of the manifold ways in which the immune response can be
adversely affected by poor nutrition. The above paper docu-
ments the immunological defects very comprehensively.
Working virtually on his own he examined a variety of
parameters in 90 children aged 1 to 3 years who had been
identified as being undernourished. These included tonsil
size, lymphocyte count, and serum siderophilin complement,
IgG, IgA and IgM levels. In addition, functional tests involving
delayed hypersensitivity responses, antibody responses and
lymphoblast transformation with phytohaemagglutinin were

carried out and the number of children with infections
recorded.

Virtually all the tests revealed a defect in immunological
responsiveness, which was associated with a substantially

, higher incidence of infection compared with healthy controls.
This applied to both the cellular and humoral arms of the
immune response, although children with infection had vastly
higher immunoglobulin levels. The conversion rate following
BCG vaccination was only 22% compared with 72% in healthy
controls, a point that is of critical importance in the application
of vaccination programmes. Malnutrition clearly remains one
of the greatest health hazards in many developing countries.

It is only indirectly relevant that I was sufficiently impressed
by Dr Chandra's work in the mid-seventies to have tried to
recruit him into my department; he chose, eventually, to go
to Canada.
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