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The effect of undernutrition on immunological
responses to BCG and TAB vaccines in mice
maintained on a natural diet *
R. B. NARAYANAN,' INDIRA NATH,2 U. N. BHUYAN,3 & G. P. TALWAR4

A study was made on the effect of undernutrition on the immunological responses of
mice to TAB andBCG vaccines. The mice werefed a diet comprising chapati andgerminated
grams; one group wasfed ad libitum while another was given halfthe quantity consumedby
the first group. The undernourished mice showed a poor immune response to BCG: only
23 % showed a positive reaction to foot pad challenge with purified protein derivative,
compared with 76 % of the well-fed mice. The mean increase in thickness of the foot pad
was also significantly smaller in the undernourished mice. Antibody titres against the H
and 0 antigens of TAB were essentially similar in both groups of mice. The results suggest
that undernutrition depresses cell-mediated immune responses but not humoral responses.

In tropical and subtropical countries, commu-
nicable diseases and undernutrition are widely
prevalent and occur as concurrent health problems.
Large-scale immunization programmes have been
undertaken or are envisaged to improve the resistance
of such communities to common infections. Reports
in the literature indicate that malnutrition depresses
the immunological response to several bacterial
and viral antigens (1-5); on the other hand, reports
indicating a lack ofimpairment ofimmune response in
malnourished subjects have also appeared (1, 3, 6, 7,
8). To some extent, this discrepancy may be due to
different degrees of malnutrition in different studies.
Controlled experiments with animals offer possibil-
ities for studying the influence of single variables on
immune response.

This paper gives data on the immunological
responsiveness of undernourished mice to two
commonly used vaccines, TAB and BCG. The
animals were maintained on a natural diet typical of
that consumed by underprivileged communities and
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not on a synthetic laboratory diet. The under-
nourished group comprised animals receiving a
reduced quantity of the same diet.

MATERIALS AND METHODS
Vaccines
The typhoid-paratyphoid (TAB) vaccine was a

product of Bengal Immunity, Calcutta and con-
tained 109 Salmonella typhi and 5 x 108 S. paratyphi
A and B per ml.
The BCG vaccine was prepared from the Trudeau

Institute strain. The bacilli were subcultured in
Middlebrooks's medium for 3 weeks and then
centrifuged at 1750 g for 15 min at 4°C. The pellet
was weighed and resuspended in physiological
saline containing 0.1 % bovine serum albumin
(BSA-saline).

Antigens
S. typhi H and 0 antigens were obtained from

the Central Research Institute, Kasauli, India.
Purified protein derivative (PPD) was obtained from
the Central Veterinary Laboratory, Weybridge,
England.

Animals and their diet
Male Swiss mice reared at the All India Institute

of Medical Sciences and weighing between 20 and
25 g were randomly divided into two groups. Both
groups were given a diet consisting of chapati and
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germinated grams. Chapati is a common north
Indian dietary item prepared from wheat flour,
which is made into a dough with water, rolled,
flattened, and cooked on a hotplate. No fat was
added to the chapati. Black grams were soaked in
water and allowed to germinate for 24 h. Prior to
feeding they were washed with water.

Pilot experiments were carried out on normal
mice to determine the normal food intake. The daily
intake was recorded over 2 weeks and the average
amount consumed was determined. The mice in
group I received this diet ad libitum and were found
to consume on average 2 g of chapati and 5.5 g of
grams per mouse per day; the mice in group II were
given half these amounts.

Immunization

BCG. A dose of 1 mg wet weight of BCG per
25 g of body weight was injected intraperitoneally
according to the method of Neiburger & Youmans
(9). The bacilli were suspended in 0.2 ml of BSA-
saline.

TAB. A dose of 108 cells per 25 g of body weight
was injected subcutaneously.

Antibody response to TAB

Mice injected with TAB were bled by retro-
orbital bleeding over a period of 22 days and the
sera separated. The antibody titres were determined
by standard methods using S. typhi H and 0
antigens (10).

Delayed hypersensitivity response in mice injected
with BCG
Four weeks after administration ofBCG, 10 ,tg of

PPD in 50 [lI of 10-mmol/litre phosphate buffered
saline (PBS, pH 7.4) was injected into the left foot
pad of each mouse. The right foot pad received 50 ,ul
of PBS. Delayed hypersensitivity was assessed 24
and 48 h after PPD challenge by measuring the
foot pad thickness with dial gauge calipers (11).

Histology
Skin and subcutaneous tissues from foot pads

were dissected as a single mass and fixed in 10%
buffered formalin. Sections 5 ,um thick were cut after
paraffin embedding and stained with haematoxylin
and eosin.

Serum proteins
Serum proteins were estimated by the method of

Lowry et al. (12). Serum albumin and globulins
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Fig. 1. Body weights of well-fed (group 1) and under-
nourished mice (group 11). The values are expressed as
the mean weight of 20 animals ± standard error.

were measured by densitometric scanning of the
paper electrophoretogram of serum after staining
with 0.1 % bromophenol blue.
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Fig. 2. Antibody response to TAB vaccine. (a) Antibody
titres against the H and 0 antigens in mice fed a
normal diet. Each point represents the geometric mean
of titres from five animals. (b) Antibody titres against
the H and 0 antigens on the fifth and seventh days
after injection in well-fed (group 1) and under-
nourished mice (group 11). The titres are expressed as
geometric means. The numbers of animals used for
assay in each group are shown in parentheses.
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Fig. 3. Sections through foot pads. Note the greater infiltration of mononuclear cells in the tissue from the well-
fed mouse (A) compared with that from the undernourished animal (B). Haematoxylin and eosin.



EFFECT OF UNDERNUTRITION ON IMMUNE RESPONSE

Table 1. Serum protein levels (g/100 ml) in control and undernourished mice. The
values given are mean ± standard error, and the range is given in parentheses. The
P value was calculated by the Student t test

Group Total proteins Albumin (A) Globulin (G) A/G

Control 5.9 ± 0.23 2.5 ± 0.10 3.4 ± 0.10. 0.75 ± Q.05
(17 mice) (2.0-3.2) (2.8-3.9) (0.51-1.18)

Undernourished 6.3 ± 0.12 2.6 ± 0.11 3.7 ± 0.11 0.71. ± 0.054
(22 mice) (1.7-3.5) (2.8-4.6) (0.37-1.25)

P value < 0.2 > 0.5

RESULTS

Fig. 1 gives the growth pattern of the two groups
of mice. In the well-fed mice, a weight gain of 33%
was recorded in 8 weeks. The undernourished mice
lost some weight initially but thereafter maintained
a low but steady body weight.
The serum protein level and the albumin: globulin

ratio in the two groups did not differ substantially
(Table 1).

Response to TAB

Peak titres were attained against the H and 0

antigens on days 5 and 7, respectively. Analysis of
titres in the two groups of mice on the peak day of
response showed that they were essentially similar
(Fig. 2).

Delayed hypersensitivity response to BCG
The reaction to PPD was read 24 and 48 h after

injection. There were significant differences between
the well-fed and undernourished mice. Of 17 well-fed
mice tested, 13 (76 %) showed a positive response to
PPD challenge at 24 h, whereas only 5 out of 22
undernourished animals (23 %) gave a positive
reaction. (A difference in thickness of 0.3 mm or

more between the right and left foot pads was taken
to indicate a positive reaction.) The mean difference
in thickness between the right and left foot pads
was 0.45 4- 0.05 mm for the well-fed mice but only
0.17 ± 0.025 mm for the undernourished group
(P < 0.001 as calculated by the Student t test). At
48 h the foot pad thickness had generally decreased
in both groups of animals but the differences were

still highly significant. Nine out of 14 well-fed mice
(64%) showed a positive reaction against 2 out of 18
undernourished animals (11 %). The mean difference
in foot pad thickness was 0.30 ± 0.04 mm for the
well-fed mice and 0.10 ± 0.03 mm for the under-
nourished group (P < 0.001).

Histopathology
Biopsies were taken from the footpads of mice of

both groups. The type and degree of cellular infiltra-
tion is shown in Fig. 3. There was a greater infiltration
of lymphocytes and mononuclear cells in the well-fed
group; only a few mononuclear cells were seen
scattered in the dermis of the undernourished mice.

DISCUSSION

This study was designed to simulate the nutritional
conditions prevailing in some communities in
developing countries, the diet provided consisting
essentially of cereals and legumes. No attempt was
made to induce a specific deficiency of an essential
ingredient; the only nutritional stress was under-
feeding.
Immunization was carried out with two standard

vaccines at doses related to body weight. The delayed
hypersensitivity response to a challenge dose of PPD
was clearly poorer in the undernourished mice;
this was reflected both in the percentage of animals
with a positive reaction and in the intensity of the
foot pad reaction. BCG immunization therefore
appears to be sensitive to undernutrition. This tends
to support the results of previous studies in which
malnourished children immunized with BCG showed
a poor response to PPD when compared with the
general population (13, 14); a depressed response
has also been observed in guineapigs (15).

It was surprising to note that the antibody titres
to the H and 0 antigens after immunization with
TAB did not differ in the two groups of animals.
It appears that T-cell function is more sensitive to
nutritional disturbances than B-cell function. This
feature was also noted in earlier studies where the
level of lipopolysaccharide-coated plaque-forming
cells (PFC) remained normal in animals on a
protein-deficient diet, whereas the level of PFC to
sheep erythrocytes was grossly reduced (16).
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R1tSUMe
EFFET DE LA MALNUTRITION SUR LA REPONSE IMMUNITAIRE AUX VACCINS BCG ET TAB CHEZ DES SOURIS NOURRIES

AVEC DES ALIMENTS NATURELS

A l'occasion d'une .etude de l'effet de la malnutrition
sur la reponse immunitaire d'animaux aux vaccins BCG
et TAB, des souris ont requ un r6gime d'aliments naturels
consistant en chapati (sorte de galette a la farine de fro-
ment, de consommation courante dans le nord de l'Inde)
et en pois chiches germes. Les animaux ont ete divises
en deux groupes, dont le premier etait alimente ad
libitum (2 g de chapati et 5,5 g de pois par souris et par
jour) tandis que l'autre ne recevait que la moitie des
aliments consomm6s par le premier.
On a relev6 chez les souris bien nourries un gain pon-

deral de 33% en 8 semaines. Les souris insuffisamment
nourries ont perdu du poids dans un premier temps, mais
leur poids s'est stabilise apres etre tombe assez bas. Les
taux de proteines seriques et le rapport albumines/globu-
lines ne differaient pas sensiblement d'un groupe a l'autre.
Chez les souris ayant requ au pr6alable une injection

intraperitoneale de BCG, la reponse d'hypersensibilite

retardee A une dose d'epreuve de d6rive proteinique
purifie (PPD) a ete plus faible dans le second groupe:
23% et 11 % seulement des souris insuffisamment nour-
ries pr6sentaient une reaction positive en 24 et 48 heures
respectivement, contre 76% et 64% des souris bien nour-
ries. L'6paississement moyen du coussinet plantaire, lieu
de l'injection du PPD, etait par ailleurs nettement plus
faible dans le second groupe.
La reponse en anticorps au TAB a et determinee a

l'aide de methodes standard utilisant les antigenes H et 0
de S. typhi. Les titres les plus 6leves d'anticorps ont et6
releves apres 5 jours pour l'antigene H et 7 jours pour
l'antigene 0. L'analyse des titres dans les deux groupes
de souris, effectuee le jour de la reponse la plus forte, a
donne des resultats tres semblables d'un groupe it l'autre.

Ces resultats donnent a penser que la malnutrition
deprime les reponses immunitaires t mediation cellulaire
mais non les reponses humorales.
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