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Effect of malnutrition and nutritional rehabilitation on tuberculin reactivity
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Summary. The purpose of this study was to clarify the
effect of differing nutritional states on various com-
ponents of the immune system, especially on the inter-
play of the complement system and cell-mediated
immunity. Malnutrition was induced in Sprague-
Dawley rats by feeding them diets containing 5% pro-
tein or 0-5% protein as compared with 18% protein in
the diet of the controls. Nutritional rehabilitation was
achieved in some experimental groups by transferring
those fed 005% protein diet to the 18% protein diet.
Malnutrition was confirmed by weight changes, bio-
chemical findings in the sera, haematological observa-
tions and histological observation of the liver, and
rehabilitation was confirmed by body weight increase
and changes in other measurements. In rats suffering
malnutrition, the tuberculin skin reactivity was sup-
pressed. After feeding the 0.5% protein diet for 8
weeks, all the rats showed negative tuberculin skin
reactions. In the malnourished rats, including those
fed with 0 5% protein, the serum complement level
decreased but did not show any significant differences
as compared with the well nourished control group.
After 1 week of nutritional rehabilitation, the tubercu-
lin reactivity of six out of ten rats remained negative
and after 2 weeks, all rats showed positive tuberculin
reactions. After 1 week of nutritional rehabilitation,
Correspondence: Dr K. Nishioka, Tokyo Metropolitan

Institute of Medical Science, 3-18 Honkomagome, Bun-
kyo-ku, Tokyo, 113 Japan.
0019-2805/79/1000-0413$02.00
© 1979 Blackwell Scientific Publications

all the rats showed a normal or higher serum comple-
ment level. At this stage, two of the tuberculin-nega-
tive rats showed significantly higher titre of serum
complement than even the controls.

INTRODUCTION

It has been observed that in the state of malnutrition,
immunological competencies such as tuberculin reac-
tivity, lymphoblast formation or antibody production
are impaired (Smythe, Schonland, Brereton-Stiles,
Coovadia & Loening, 1971; Edelman, Suskind, Olson
& Shirishinha, 1973; Cooper, Good & Mariani, 1974;
Munson, Franco, Arberter, Velez & Vitale, 1974;
Dennis, Dudrick & Abdou, 1974; Chandra, 1 975a,b;
Good, Fernandes, Yunis, Cooper, Jose, Kramer &
Hansen, 1976; Felnandes, Yunis & Good, 1976).
These incompetencies have been considered closely
related to the lowered resistance against a variety of
infections in the malnourished state. On the other
hand, malnutrition is considered to suppress the sever-
ity of infection in some cases despite the lowered state
of immunological markers suggesting depressed cell-
mediated immunity or antibody production (Murray
& Murray, 1977).

Therefore, the analysis and interpretation of the
lowered immunological surveillance system in malnu-
trition has not been well analysed and contradictions
remain. We consider that it is important to analyse the
change in various immunological systems in the mal-
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nourished state and we believe that this can best be
done with animal models. Rats have been employed in
experimental nutrition study but measurements of
complement activity and tuberculin skin reactivity in
rats have been rather difficult. These difficulties have
been overcome by employing Flax's method for tuber-
culin reactivity and Sakamoto's method for CH50
measurement in rats and the following experiments
were undertaken; first, by comparing the malnour-
ished rats with well nourished rats and second, by
following the changes of these markers in malnour-
ished rats after periods of nutritional rehabilitation.
The results will be described in this paper.

MATERIALS AND METHODS

Five week old male Sprague-Dawley rats (SPF), pur-

chased from Shizuoka farm, Shizuoka, Japan, averag-

ing 80 g in weight, were used for all experiments. The
animals were housed individually in stainless steel
cages in an air-condition room at 24 + 20 temperature
and 50 + 10% humidity with lighting regulated to pro-

vide 12 h intervals of light and darkness.
Each group of rats was offered a limited diet supply-

ing 20 g/day/rat (National Academy of Sciences, 1968)
of a diet containing 18, 5 or 0 5% protein. The diet was

given three times per week in Experiment 1. In Experi-
ment 2, the rats were fed only twice weekly. Water was
available to the rats at all times. The composition of
the diets is shown in Table 1 (Philbrick & Hill, 1974).

Records were kept of the food intake, and the body
weight gain was measured two or three times a week.

During the experiment, haematological changes,
biochemical components of blood serum (creatinine,
total protein, albumin, globulin, urea-nitrogen, lactic
dehydrogenase), liver lipids, wet weights of organs,

tuberculin skin reactivity and complement activity
were observed. The Student's t test (Arkin & Colton,
1961) was used throughout.
Haematological analysis was carried out by an

Automatic Blood Cell Counter (MEK 1100, Nihon-
Kohden, Japan).
Blood serum was separated in a low temperature

centrifuge and the serum was used for biochemical
analysis and titration of complement activity.

Biochemical analysis ofserum was carried out on an
Acu Chem Microanalyzer (Ortho Instrument,
U.S.A.).

Liver total lipid was extracted according to the
method of Folch (Folch, Lee & Sloanestanley, 1956)
and the volume of triglycerides in the liver tissues was
counted by the Weibel method (Weibel, 1963) using
the integrating eyepiece I of Zeiss. Liver tissues were

Table 1. Composition of experimental diets

Protein in diet*

18% 5% 0-5%

g/Kg cal g/Kg cal g/Kg cal

Vitamin-free-casein 180 720 50 200 5 20
DL-Methionine 3 0 5 0 05
Corn starch 632 2528 765 3060 810 3240
Salt mixturett 50 50 50
Cellulose 25 25 25
Vitamin mixturet§ 10 10 10
Corn oil 100 900 100 900 100 900
Total 4148 4160 4160

* Diets were prepared after Philbrick & Hill (1974).
t Prepared by Oriental Co. (Japan)
t Salt mixture (%): Ca(H2P04)2 H20 14-56, KH2PO4 25-72,

NaH2PO4H2O 9-35, NaCl 4-66, Ca-lactate 35 09, Fe-citrate 3-18,
MgSO43H2O 7-17, ZnCO3 0O1 1, MnSO4 0-12, CuSO4 0 03, KI 0-01.

§ Vitamin mixture (per 100 g): VA acetate 5,000 iu, VD3 10,000
IU, VBI 120mg, VB2 400mg, VB6 80mg, VBI2 005 mg, folic acid 20
mg, Ca-panthothenate 10-0 mg,p-aminobenzoic acid 500mg, niacin
600 mg, inocitol 600 mg, cholin-Cl 2000 mg, cellulose powder.
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stained by haematoxylin eosin and the volume of tri-
glyceride to liver cells and sinusoids in the liver tissues
were counted.
As the indicator of the cell-mediated immunity sys-

tem, tuberculin reactivity- was measured (Flax &
Waksman, 1962; Lefford, 1974). Heat-killed tubercle
bacilli, Aoyama B strain (obtained through the cour-
tesy of Dr T. Tokunaga, Division of Tuberculosis,
NIH of Japan) 0 15 mg in 0 05 ml of liquid paraffin,
were injected into the footpad of the rats in order to
sensitize them and more than 12 days after the injec-
tion, purified protein derivative of tuberculin (PPD) in
phosphate-buffered saline (PBS) (pH 7 36) was in-
jected intradermally into the back skin of the rats.
After 24 h, skin reactions were observed and the dia-
meter of erythema and induration were measured by
inspection and palpation respectively. For proper in-
duration of the tuberculin skin reaction, careful intra-
dermal injection of the optimal amount of PPD into
depilated rat skin is very important, and only in the
presence of both erythema and induration was skin
reaction considered positive. Actually, throughout
our examination, the diameters of erythema and indu-
ration were the same when intradermal injection of
PPD was carried out correctly.

Preliminary tests, with doses ofPPD ranging from 5
to 50 yg in 0 1 ml, were used to induce skin reactions
and 12-5 yg in 0 I ml PBS was found to be the amount
of PPD needed to induce maximum skin reactivity.
Therefore, in experiments described hereafter, twice
this concentration of PPD, i.e. 25 Mg in 0 1 ml PBS was
used.

Histological examination of the skin reaction was
carried out and found to be in accordance with the
classical delayed cutaneous reaction to tuberculin as
described by Flax & Waksman (1962) and, therefore,
considered to be a parameter of cellular immunity in
our studies.
Immune haemolysis activity of serum (CH50) was

used as indicator of the complement system. The
measurement of CH50 followed Mayer's method
(Mayer, 1961). The measurement of CH50 in rat
serum, however, required a different optimal tempera-
ture compared with other mammals. Therefore, the
complement titre was measured by 50% haemolysis of
sensitized sheep erythrocytes in the gelatin veronal
buffer (GVB) with Ca2+, Mg2+ and an ionic strength
of 0 147 at 200 for 60 min (Sakamoto, 1975). After
centrifugation supernatants were separated and oxi-
dized haemoglobins were measured spectrophoto-
metrically at 541 nm.

RESULTS

Experiment 1
Sixty animals were divided into three groups fed 18%,
5%, and 0 5% protein diets three times a week for 8
weeks. The 18% protein group was considered the
control group and 5% or 0.5% protein groups were
considered protein-calorie malnourished. Seven ani-
mals from each group were killed at the end of 4 and 8
weeks and examined. Due to difficulties in obtaining
serum samples in the 0.5% protein group, CH50 was
measured in only five rats in this group. Three animals
from each group were used as a non-tubercle bacilli
sensitized control group. The rats were sensitized on
the twelth day before PPD injected at the end of both 4
and 8 weeks.

Experiment 2
For study of rehabilitation of malnutrition, fifty ani-
mals were divided into two groups. The control group
of ten rats were fed the 18% protein diet for 14 weeks.
Five of these rats were killed at the end of 8 weeks and
five at the end of 14 weeks. Another forty rats were fed
the 0-5 protein diet for 8 weeks and fifteen were killed
and examined. After that, the diet was changed to the
18% protein diet fed to the remaining twenty-five rats
for 6 weeks after the diet change. The food was given
twice a week for this entire experiment. Ten rats were
killed for the first week examination during the rehabi-
litation experiment and five rats were killed at the end
of 2, 4 and 6 weeks. The state of nutritional recovery
was estimated by measuring the body weight increase
and haematological observations during the nutri-
tional rehabilitation period. In Experiment 2, all the
rats were sensitized with tubercle bacilli in the 2 weeks
before diet transfer. Therefore, the rats in the experi-
mental (0-5% protein) group were in a malnourished
state when sensitized.

Nutrient intake and body weight change
Nutrient intake in the 18% and 5% protein groups
became constant after the third and fifth week respec-
tively, and thereafter the rats were fed during the
remainder of the experiment at the following levels:
those at the 18% level were fed at 20 g/day/rat and,
those at the 5% level at 15 g/day/rat. The rats fed at the
0 5% level consumed only about 7-5 g/day/rat.
On the other hand, the energy intake in the three

groups at the nutritional plateau stages (6 weeks or
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longer) is 83, 62, and 31 cal respectively. One might
consider the 5% fed rats as mild to moderately protein
energy deficient, while the 0 5 fed rats were markedly
protein energy deficient, but particularly protein defi-
cient.

In Experiment 2, the average intake of diet was 18-4
g/day/rat in the animals fed 18% protein and 6-2
g/day/rat in the 0.5% protein group. After the dietary
change at the end of 8 weeks from 0 5% to 18% protein
for nutritional rehabilitation, the animals showed a
remarkable increase in food intake. The average in-
take was 13-5 g/day/rat. Therefore, energy and protein
intake, calculated from food intake, increased remark-
ably during rehabilitation, from 26 cal/day and 0 03 g
protein/day to 56 cal and 2 4 g protein/day respec-
tively.
As shown in Fig. 1, the body weight of the rats fed

the 18% protein in Experiment 1 continued to gain
normally. On the other hand the rats fed 5% protein
showed a growth failure, and the 0. 5% protein group
showed not only a growth failure but a loss from their
initial body weight.
At the end of 8 weeks of experiment, the body

weight of the two low protein groups showed signifi-
cant differences (P<0-01) compared to the control
group on the 18% protein diet. The increments of
weight gain are shown also in Fig. 1. The feed effi-
ciency during rehabilitation was greatest in the early
stage. Body weight gain was still increasing signifi-
cantly even at the end of 6 weeks of nutritional rehabi-
litation.

Haematological observations
As shown in Table 2, the number of erythrocytes,
leucocytes, haemoglobin, and haematocrit were
reduced remarkably in the 5% protein groups at the
end of 8 weeks of Experiments 1 and 2. These values in
the 0.5% protein group were significantly lower
(P < 0-01) than that in the 18% protein group. During
rehabilitation, the number of erythrocytes recovered
very rapidly. By the end of 2 weeks of rehabilitation,
the erythrocyte count of the experimental (0-5% pro-
tein) group was the same level as that of the control
group. The leucocyte number showed a more gradual
increase and at the end of 4 weeks the value had
reached the level of the control group or higher. Hae-
matocrit also showed a rapid recovery, returning to
normal in 2 weeks, while the haemoglobin required 4
weeks for rehabilitation.

In the 0-5% protein group in Experiment 2, there

EXP. 2

I5 6P<M1 .-- S

0 1 2 3 4 5 6 7 ws 1 2 3e m 6

weeks in experiment

Figure 1. Body weight curve of the rats fed by 18% and 5%
and 0 5% protein diet during the course of malnutrition and
nutritional rehabilitation. * - , Fed an 18% protein diet
for 8 weeks in Expt. 1 and for 14 weeks in Expt. 2 (control
group) (A = +4-88 g/day, Expt. 1) (A= +4 10 g/day, Expt.
2); *- -, fed by 5% protein diet for 8 weeks (malnourished
group) (A= + 1-29 g/day, Expt. 1); *- ----x, fed by 0 5%
protein in diet for 8 weeks in Expt. I (A = -0- 18 g/day, Expt.
1) (A= -0-20 g/day, Expt. 2). Diet was changed to 18%
protein diet for six weeks in Expt. 2 (nutritional rehabilitation
group) (A = +4-7 g/day). A, Average body weight increase
per rat.

were significantly fewer (P < 0-01) granulocytes and
lymphocytes as compared with the control group and
the number of lymphocytes was only half the number
of the 18% protein group.

In the 0.5% protein group, six out often rats showed
an anaemia with the appearance of many erythro-
blasts. During nutritional rehabilitation, the number
of lymphocytes and granulocytes recovered in parallel
with the recovery of the total number of leucocytes.

Biochemical assays of serum
By the eighth week in the 5% protein group, total
protein, albumin, and globulin were significantly
lower as compared with the 18% protein group. In the
0-5% protein group, total protein, albumin, and globu-
lin were also remarkably low.
Two weeks after the diet transfer to the 18% protein

diet, creatinine became high, suggesting possible accel-
eration of protein metabolism and creatinine syn-
thesis. After 4 and 6 weeks, creatinine value was again
reduced below normal. Total protein, globulin and
albumin recovered to normal after 2 weeks of nutri-
tional rehabilitation.
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Tuberculin skin reactivity

Tuberculin skin reactivity of the rats at different pro-
tein levels and in the course of nutritional rehabili-
tation is shown in Fig. 2. At the end of4 weeks the rats
fed with 18% protein showed positive reactivities with
induration and erythema showing an average dia-
meter of 12 4 + 1 39 mm. The rats fed the 5% and 0 5%

E

- as

a;1ti
'Ir

protein % in diet 18 5 0.5

weeks in experiment 4
( ) weeks after diet transfer

EXP. 1

18 5 0.5

8

protein diets showed lower intensities showing
7 7 + 1 03mm and 6 2 + 1 5 mm in average diameter of
reactivity. Therefore, after 4 weeks feeding with low
protein diets, tuberculin reactivity of the rats showed
lower reactivity but did not disappear completely.
At the end of 8 weeks, the rats fed the 18% protein

showed positive reactivity showing 14-5 +088 mm in
average diameter of erythema and induration. Rats in

18 0.5 18
control nutritional rehabilitation
8 $i 14 8 9 10 12 14

(1) (2) (4) (6)

EXP. 2
Figure 2. Changes of tuberculin skin reactivity in the rats during the course of malnutrition and nutritional rehabilitation. ., Fed
by 18% protein diet; A, fed by 5% protein diet; x, fed by 0 5% protein diet. Bars represent + one standard deviation from the
mean. The rats were tested more than 12 days after sensitization with 0 15 mg ofheat-killed tubercle bacilli (Aoyama B strain) in
C 05 ml of liquid paraffin injected into the footpad ofrats. Erythema and induration were read 24 h after intradermal injection of
25 pg of purified protein derivative of tuberculin (PPD) in 0 1 ml of phosphate-buffered saline (PBS, pH 7-36).

is

E
'I
U

50,

protein % in diet 18 5 0.5

weeks in experiment 4
( ) weeks after diet transfer

EXP. 1

18 5 0.5

8

18
control
8 1 14

0.5 18
nutritional rehabltation

8 9 10 12 14
(1) (2) (4) (6)

EXP. 2
Figure 3. Changes of complement activity in the rats during the course of malnutrition and nutritional rehabilitation. ., 18%
protein diet; A, 5% protein diet; x , 0 5% protein diet. Bars represent + one standard deviation from the mean. Complement titre
was measured more than 13 days after sensitization of heat-killed tubercle bacilli.
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the 5% protein group showed weaker reactivity at the
same level as those of 4 weeks. Except one weakly
reactive rat, all the rats fed 0.5% protein showed nega-

tive skin reactivity.
One week after nutritional rehabilitation to 18%

protein, tuberculin reactivity of four out of ten rats
recovered very rapidly. Two weeks after onset of reha-
bilitation tuberculin reactivity of all rats showed ery-
thema and induration of 11 4 + 0 33 mm in diameter.
After 4 and 6 weeks of nutritional rehabilitation,
tuberculin reactivity showed 12 5+0 74 mm and
128 + 087 mm respectively showing the level as at 2
weeks and the same as the control.

Complement level (CH50) in sera

Complement level in the sera is shown in Fig. 3. The
pattern of changes of complement level in various
nutritional states shows different patterns from the
tuberculin skin reactivity.
At the end of 4 and 8 weeks, complement titre of the

5% and 0.5% protein groups showed the same tend-
ency to decrease below the 18% protein group but the
differences are not significant. The activity of the com-
plement system was maintained even in the malnour-
ished rats. This shows remarkable contrast to the
tuberculin skin reactivity which disappeared in the
malnourished rats.

In the nutritional rehabilitation experiment, the
malnourished rats, after 8 weeks of feeding of the 0. 5%
protein diet, CH50 showed slightly lower titre; but,
again, the decrease was not significant. One week after
nutritional rehabilitation, however, all the rats showed
normal levels of CH50 and two of ten rats showed
significantly high CH50 level. It should be noted that
these two rats showed negative tuberculin skin
reactivity at the same time. At 2, 4, and 6 weeks of
nutritional rehabilitation, all rats showed normal or

elevated CH50 values. There was no significant
difference in complement titre between non-sensitized
rats and rats sensitized with tubercle bacilli.

DISCUSSION

A state of malnutrition can be induced by feeding
Sprague-Dawley male rats with 5 or 0-5% protein diets
with fairly high reproducibility as described in Experi-
ments 1 and 2 in this paper. The degree ofmalnutrition
may be defined by changes in body weight and further

confirmed by haematological observation and bio-
chemical findings in the sera.

In the group of malnourished rats, tuberculin skin
reactivity was reduced after 4 weeks in rats fed the
05% or 5% protein diet. The same tendency persisted
in rats fed the 5% protein diet for 8 weeks. Tuberculin
reactivity disappeared completely in all rats after 8
weeks feeding of the 05% protein diet.
On the other hand, serum complement titres showed

slightly lower levels in all the groups on low protein
feeding after 4 weeks or 8 weeks as compared with the
group on the 18% protein diet, but the difference was
not significant. Even after 8 weeks' feeding of the 0 5
protein diet, the level of serum complement was main-
tained while tuberculin skin reactivity disappeared in
all the rats of this group.
From these findings, this form ofexperimental mal-

nutrition is one useful way to induce depressed cellular
immunity while maintaining the level of complement
activity in serum. This characteristic pattern was also
observed in the course of ageing as well as in the
tumour-bearing host (Nishioka, Kawamura, Hir-
ayama, Kawashima & Kogure, 1976) and the comple-
ment system is considered to be more resistant than
cellular immunity in such cases.
By changing the 055% protein diet to an 18% protein

diet, partial nutritional rehabilitation was experimen-
tally achieved in the rats. The rehabilitation state was
confirmed as measured by the food intake and body
weight increase, and by recovery to normal state in
biochemical parameters in serum and haematological
picture.
As for tuberculin reactivity, in Experiment 2 all the

rats fed for 8 weeks on the 0 5% protein diet showed
entirely negative reactions, confirming the first experi-
ment. After 1 week of nutritional rehabilitation, six
out of ten rats remained negative but the other four
rats showed a positive reaction. The former six rats did
not recover but the latter four rats recovered to control
level in haematological observations and haemoglobin
in sera. After 2 weeks all the rats recovered tuberculin
skin reactivity.
As for CH50, all the rats showed normal or higher

value even after one week of nutritional rehabilitation.
The findings show that rat complement activity deter-
mined by CH50 is preserved in severe rat protein-
calorie malnutrition as compared with the remarkable
reduction in tuberculin reactivity.

These findings suggest that nutritional deprivation
may affect various components of the immune system
to a variable extent, cell-mediated immunity being
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influenced the most. This can be explained as the
complement system compensates for the deficient state
of the cell-mediated immunity in the malnourished
host and the maintained complement system acts to
keep the host defence mechanism even when cell-
mediated immunity is impaired. Also, earlier recovery
of the complement level to a normal or higher level as
compared with that of the tuberculin reaction in reha-
bilitated malnourished rats is an important observa-
tion.
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