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ABSTRACTY Protein-energy mainutrition (PEM) leads to an immune deficiency, which is
now well documented. Some investigators have suggested that the associated zine deficiency
isimportant in thymic involution and changes in cellular immunity. To evaluate the respective
roles of nutritional deficiency, infection, and zinc in the alieration of thymic function, we
_measured the amounts of thymulin (facteur thymic serique, or FTS) and of Zn in the thymus
glands of 58 Senegalese children who died in various stages of malnutrition. In the severe forms
(marasmus, kwashiorkor, and marasmic kwashiorkor) the thymus was tiny and contained very
little thymulin. The Zn content of the thymus was high whatever the nutritional state of the
subject and was related significantly only to the presence of infections. In Senegalese children
thymic atrophy and depleted thymulin content are associated with severe PEM but not sys-
temic infection or depleted thymic Zn content.  4mJ Clin Nutr 1988;48:335-42.
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Introduction

It is well established that severe forms of protein-
energy malnutrition (PEM) produce a depression of cell-
mediated immunity, characterized principally by a de-
fect in maturation of peripheral T lymphocytes (1, 2).
This functional disorder, which induces disturbances in
distribution of subpopulations of T lymphocytes (3) and
arise in percentage of null cells (4), is thought to originate
in the thymus gland. Many investigators have reported
some degree of involution of the thymus both in animals
killed in a state of malnutrition (5) and in children who
have died from PEM (6-11). However, it is difficult, for
lack of direct proof, to decide whether the lymphocyte-
differentiating function of the thymus is altered.

Though a reduced lymphocyte population in the cor-
tex of the thymus has often been reported (8, L 1), very
little information has been published about the func-
tional state of the thymic epithelium (12). Recent investi-
gations showed that thymic epithelial cells, including
peripheral ones in Hassall corpuscles, are the site of pro-
duction of hormones and thymic factors responsible
for maturation and differentiation of T lymphocytes
(13-15).

We chose to study thymulin (also known as facteur 7

thymique serique or FTS); the thymic origin and hor-
monal nature of thymulin were clearly established (16,
17). A change in the capacity of the thymic epithelium
10 produce the hormonal factors for lymphocyte differ-
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entiation, if indeed it does occur, might be a main cause
of deficiency in functional maturation of T lymphocytes
observed in children with PEM.

Indirect arguments support this point of view, Isolated
T lymphaocytes from malnourished children, when incu-
bated with thymic factors such as thymosin (18) or thy-
mopoietin (19), rapidly acquire the characteristics of
functional maturation that they lacked. On the other
hand, the few attempts at estimating thymulin in the
blood of such children gave contradictory results;
whereas Chandra (20) reported a large decrease in the
biological activity of thymulin in severe PEM particu-
larly in kwashiorkor, Maire et al (21) observed no sig-
nificant variation of this activity with the degree or type
of malnutrition.

In this investigation we evaluate directly the amount
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TABLE |
Description of the sample
Sex Infection
Nutritional-state Male Female Absent Present Weight for Weight for Height for
groups n Age* (a) () (a) {b) height* age* age*
mo % % %
1. Undernourished 18 11.4%34 7 1t 4 14 81420 T8£4.6- "94£20
2. Marasmus 15 89420 9 6 3 2 61x1.6 52x24 9316
3, Kwashiorkor 1 145+22 7 4 i i0 T4 1.7 74424 99+ 1.0
4. Marasmic .
kwashiorkor 14 14.6 24 8 6 2 12 6113 55425 94z 1.8
Comparisons Ft [} f F - F F X
1/2/3/4§ (a/b)/1/2+3+4§ (a/b)/1/2-+3+4§ 1/2/3/4ll 172/3/4)) 1/2{3/4§
1/243+4§ 1/2:+3+4) 1/2+3-+4]] §/2+3+48
2/3/48 2/3/44 2/3/44 2/3/4§
* ¥+ SEM.

1 £: analysis of variance. ¥ 1/2/3/4: comparison of the four groups; F 1/2+3+4: group | compared with groups 2, 3, and 4 combined; £ 2/3/4:

comparison of the three groups 2,3,and 4,

1 Frequencies, £ Fisher's exact probabilities test. f (a/b)/(1/2+3-+4): grid with two rows (1 and {24-3+4])) and two columns (aandb).

§ NS at the 5% level.
I p=0.001,

of thymulin in thymic epithelium as a function of the
histological involution of the thymus and of the nutri-
tional state of children who died in various stages of
PEM. We take account of two important factors:
whether any infection was present and the zinc content
of the thymus. Experimental Zn deficiency or infection
can induce thymic involution and a deficiency in cellular
immunity (22, 23); in addition, Zn is necessary for the
biological activity of thymulin; Thymulin is a Zn metal-
lopeptide (24).

TABLE2
Histology of the thymus

Subjects, materials, and methods

Clinical and nutritional state

We studied 58 children of both sexes aged 1-4 y (12.1 = 1.4
mo, X SEM) who had died in various stages of nutritionai
deficiency. According to the Wellcome classification (25), 18 of
the children were undernourished, 15 had marasmus, 11 had
kwashiorkor, and 14 had marasmic kwashiorkor (Tuble 1).
This classification distinguishes the milder forms of malnutri-
tion {group 1) from the severe forms (groups 2, 3, and 4). A

Hassall corpuscies

Lymphocyte density™ Absent Stage of involution
Time Weight of thymus —— ar Moderate  lage T
Nuuitional-state before Weight of as percent of Low Inter- High rare munber  number  Moderate  Severe-  Extreme
£roups . RULOpSY* thymus*® normal® Fibrosis® {a) mediste (b) {©) a) by {©) {a} (0] «©
1. Undemourisicd 4503 min 8.0x14 6852103 219£27 H 8 9 i 7 10 15 3 0
{n=18) + 35 min
2, Murusmus 3h34min 17202 1.1 24 49.7x4.1 B 7 o 7 3 5 2 8 5
(n=15) # 34 min
3. Kwashiorkor 2h 51 min 30207 1972 4.7 60.7+3.1 7 4 0 5 4 2 o 5 6
{n~11) $42 min
4. Manusmic 3h06 min 14202 103t 16 60646 13 H ] 6 6 2 0 3 tl
kwashiorkor + M} min
(n=14)
Comparisons Fi F F F 7] g f
: 123141 17213141 172/3/41 1727331 flafbre)/ 1243440 fafb+c)/IN2+314)* Rujbre)/1/(243+4)1
12+3+4F 1243441 11243441 17243447 .
2/3/41 2/3/41 2/314% 2/3/4)
* Xz SEM. .
tL density in (a) low, some cither isoluted or grouped in small clusters jn ive: lissue; {b) i Fairly in & lovse

parenchyma lacking differentintion between contex and medulta; and {c) high, a great many lymphocytes in a well-organized tissue,
4 F. analysis of variance. £ 1/2/3/4: comparison of the four groups; F1/2+3+4: group 1 compared with groups 2, 3, und 4 combined; ¥ 2/3/4: compasison of the three graups 2, 3, and 4.

§Fi ics, [; Fisher's exact
1 NS at she 5% level.
Yp <0001,

‘s p< (.0t

ies test, F(u/bY/{1/2+3+4): grid with wo rows (| and [2+43+4)) and fwo columns (a and b)
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TABLE 3
Thymus ihymulin conten*
Thymulin-positive Hussalt Thymulin-positve epithelial cells
‘Thymulin
Numbert Intensity} Numberf Intensityd i
Nutritional-state
aroups A @) (b) © () (b) «© (@) (b) (©) () (b} © Index D
1. Undesrnourished 17 i 5 1 0 15 1 0 10 7 2 1 4 51642
2. Murasmus 15 7 5 3 5 3 0 4 1 0 7 4 ] 158428
3, Kwashiorkor i 4 [ 1 3 4 ] 4 5 2 3 4 0 21.7x65
4, Marasmic .
kwashioskor 14 7 6 1 4 3 0 . 8 6 0 3 4 0 125+38
Comparisons 1§ f T f Fi
fla/brel/ 1/(233+4)1 Rajbte)/ 1/(2+3+4) flafbte)/ 1/ (243 +4) flafbke)/ 1/(2:+3-+4)8 1/2/3/3%
124344
2/3/41t

* The thymus of one undernourished child could aot be used in this part of the investigaion,

T (a) = ubsence, score = 0; (b) = maderate, score = 1; (c) = high, score = 2,
1 (8) = low, score = 1; {b) = inoderate, score = 2;{c) = high, score = 3,

§ Frequeucies, £ Fisher's exact probabilities test. f{a/D)/(1/2+3+4): grid with two rows (£ and [2+3-+4)} and two columns (2 and b).
il £ andlysis of variance, F 1/2/3/4: companson of the l‘our groups; I 1/2:+3+4" group 1 compared with groups 2, 3, and 4 combined; F2/3/4: comparison of the

three groups 2, 3, and 4.
3 <001,
*+p<0.001,

11 NS at the 5% level.

useful control group to-exclude more completely the role of
infection in-thymic involution would have been well nour-
ished, infected children, but it was impoassible to find a suffi-
cient number of sych children,

Confirmation of the diagnosis of infection

With the permission of the medical and legal authorities of
the Hopital Le Dantec in Dakar, Senegal, the children were
autopsied within a few hours of death. The thymus was re-
nroved and a systematic pathological examination of the main
viscera was performed to provide full data for establishing a
diagnosis of infection. It was not always possible to collect bac-
teriological data.

Examination of thymus glands

Tissue collection and storage. Thymus glands were carefully
cut out, dissected, and weighed. To make the investigation age
independent, the weights of the glands were also expressed as a
percentage of normal for the height of the child according to
Stowens’s tables (26), which are the most commonly used (8-
11). Part of each sample was frozen in liquid nitrogen and then
stored at —70 °C for later measurement of Zn and thymaulin
contents, and another part was fixed in formaldehyde solution
and embedded in paraffin wax for histological examination.
The time between death and freezing of the sample was on av-
erage 3 h 29 min & 35 min (X SEM). All the subsequent ana-
lytical determinations were made in a blind fashion.

Histology. The density of lymphoid cells and of Hassall cor-
puscles in the thymic parenchyma was measured by a conven-
tional microscopical examination (X160) of 4 um sections em-
bedded in wax and stained with hematoxylin-eosin, In ad-
dition, a microscopic examination with a Quantimet 720
(Imanco, Cambridge, UK) image analyzer was performed to
quantify the fibrous tissue invading the gland. All this informa-
tion was used to describe four stages of histological involution
(Table 2): normal architecture, moderate involution (well-
lobutated thymus, clear distinction between the medulla and

cortex, and lymphocyte density intermediate to high), severe
involution (connective tissue composing 50-75% of the gland,
loss of corticomedullary differentiation, and lymphocyte den-
sity intermediate to low), and extreme lnvolunon (connective
tissue composing > 75% of the gland and few lymphocytic clus-
ters in atrophied lobules).

Thymulin content. The amount of thymulin in the thymus
was evaluated histologically and immunologically (15). In es-
sence, thymulin was recognized in the cytoplasm of productive
epithelial cells by means of a rabbit antiserum against synthetic
thymulin that had been treated with acetone powders of hu-
man organs (liver, stomach, and psoriasis scales) to eliminate
any nonspecific binding, particularly to keratin. Staining was
performed with a second antiserum (Institut Pasteur, Paris,
France) that had been raised in goats agamst rabbit immuno-
globulin G and labeled with fluorescein; it too had been treated
with acetone powders of human organs (liver, stomach, and
thymus) to eliminate any nonspecific binding, particularly to
thymus.

Examination by fluorescence episcopic microscopy (X250)
of 4-um-thick frozen cut sections treated as described yielded
a semiquantitative evaluation of the number of isolated epuhe-
tial cells and thymulin-positive Hassall corpuscles in the
thymic parenchyma plus the mean intensity of labeling, The
numbers of thymulin-labefed structures were graded into three
classes: O (absence of labeling), 1 (present but scarce), and 2
(same number as in normal young human thymus), If labeled
structures could be observed, their fluorescence intensities were
scored into three classes: 1 (very difficult to detect), 2 (dim),
and 3 (as bright as in normal thymic tissue).

These variables were combined to yield a semiquantitative
index of thymulin concentration in the thymlc parenchyma,
This semiquantitative index was derived by scoring each of the
four factors tabulated (Table 3), adding together the products
of the number and labeling intensity of FTS-positive Hassall
corpuscles and thymulin-positive epithelial cells] and mulllply-
ing the result by 100/12. Thus, for a normal subjéct scored in




338 JAMBONET AL

100 100
J-Undarneurshed %
t
a -
37 L
] g
> 2
g 4
g 3
£ S0
4 50 F-Hwashiarhor 3
2 €
Is Fercamse 4-Hargasic~ g
- heaaniorkar c
4 a5 3
L H
£
"
1} a
Numbar
in groupe:l8 17e 15 15 1111 14 14

Thymulin
(- concantration index

FIG 1, Weight of thymus as percent of narmal in the four nutritional
groups in 58 child pared with thymuli ion index.
*The thymus of one undernourished child could not be used for the

Waight of thymus

tculation of the thy index, 1The weight of the

thymus is dasa ge of the reft weight of this gland

for the height of each child as established by Stowen (26). $Thymulin
ion index is d as explained in text,

class 2 for the number of elements labeled and in class 3 for the
intensity of antithymulin labeling, this gives an index of ({2
% 3) + [2 x 3]) X 100/i2 = 100. This index ranges from 0
in the absence of antithymulin labeling up to 100 in normal
children with noninvoluted thymus glands rich in epithelial
cells and in Hassall corpuscles strongly labeled with antithy~
mulin.

Zinc content. Zn concentrations in the thymus glands were
measured by differential impulse polarography with a Tacussel
PRG 5 apparatus (Bordeaux, France) on an aliquot of the sam-
ple frozen in liquid N and stored at ~70 “C, Depending on the
size of the thymus, 40-680 mg of material was mineralized by
heating to dryness with a mixture of 5 mL perchloric acid and
3 mL sulfuric acid and assayed (27). Standardization was per-
formed by the method of measured additions and contamina-
tion was avoided as much as possible and taken into account
by substracting reagent blanks.

Statistical methods

Quantitative data (continuous variables) are represented by
the mean followed by the SEM. Qualitative data (discontinu-
ous variables) are represented by the distribution frequencies
of the observed characteristics, Means were compared by anal-
ysis of variance in the case of continuous variables. Compari-
sons of frequencies and tests of independence were performed
by Fisher’s exact probabilities test (28) in a 2 X 2 grid in the
case of variables that were discontinuous or were made so by
classification. The linear correlation coelficient was used 10 test
for independence between continuous variables.

Results

Clinical and nutritional characteristics

Table 1 shows the homogeneous distribution of ages,
sexes, and infections in the four groups of malnourished

children. Note their youth and the frequency of infection
(81%) at the time of death. The various infectious dis-
eases observed (of which one individual might have sev-
eral) were as follows: bronchopneumonia, 39 cases; acute
diarrhea, 26 cases; kidney infection, 4 cases; malaria, 7
cases; and other, 10 cases (1 amebic abscess of the liver,
1 anal abscess, | febrile jaundice, 2 meningoencephalitis,
and 5 recent measles). .

The nutritional state of the children examined gener-
ally was altered severely. Emaciation was particularly
pronounced with an average weight for height of 6§9.6
=+ 1.4% of normal and a weight for age of 65.0 - 2.3%.
The four nutritional groups appeared to differ very sig-
nificantly by this criterion (p < 0.001) (Table 1). Kwashi-
orkor differed from the two other severe forms in its rela-
tively less severe weight deficiency, which is partly ac-
counted for by the presence of edema. Deficiencies in
stature were only moderate with a height for age 0 95.9
+ 0.9%, which did not differ significantly among the four
groups studied.

Histology and thymulin content of the thymus as a
Sfunction of stage of nutritional deficiency

Involution of the thymus;, as indicated by its weight
deficit and histological data, was clearly greater in the se-
vere forms of PEM (groups 2, 3, and 4) than in the mod-
erate forms (group 1) (Table 2). There did not appear
to be any significant difference between the three severe
forms (marasmus, kwashiorkor, and marasmic kwashi-
orkor). The involution was characterized by substantial
decrease in the weight of the gland; intralobular and in-
terlobular invasion of connective tissue; consistently re-
duced lymphocyte population in the parenchyma, some-
times extending to its total disappearance from the lob-
ules; nearly universal loss of distinction between cortex

" and medulla; fewer or no Hassall corpuscles; and dilation

and varying degrees of necrosis of remaining Hassall cor-
puscles.

TABLE4
Zinc concentration in the thymus glands of well-fed humans and
animals -

- Zinc concentration

rgZn/g
thymus
Origin {umol/g) n Method
Human 20.2(0.309) - 1 Differential impulse
(young adult) polarography (27)
Human 14.0(0.214) 1 Differential impulse
(young adult) polarography {27)
Calf 17.9(0.274) 1 Difterential impulse
. - polarography (27}
Pig (young adult) 16.8(0.257) 1 Difterenual impulse
) polarography (27)
Mouse 17.9(0.274) 2 Inductively coupled
plasma atomic

spectrometry (28)
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TABLE 5
Zinc concentration in the thymus in relation to nutritional state®
Infecti
. Weight of e
Nutritional-state groups [ thymus Absent (a) Present (b) Zinc
g #8/8 (umoljg)
1. Undernourished 17 78216 4 13 24.5+3.2(0.375 1 0.049)
2, Marasmus . 13 . 17203 2 il 22,6+ 3.7(0.346 £ 0.057)
3. Kwashiorkor 10 3107 i 9 : 21.2:£3.2(0.324 £ 0.049)
4. Marasmic kwashiorkor 14 1.4+£0.2 2 12 22.3:£3,0(0:341 + 0.046)
Comparisons Fy . f:# 7 : F
1/2/3/4% (a/b)/1/2+3+4]} 17273144
17243 +4§ 1243 +4]
2/3/4ll 2/3/41t

of zinc.

® The thymus glands of four children {one undernourished, two with marasmus, and one with kwashiorkor) could not be used for measurements

T F: analysis of variance. F 1/2/3/4: comparison of the four groups; F 1/2+3+4; group | compared with groups 2, 3, and 4 combined; £ 2/3/4:

comparison of the three groups 2, 3, and 4.

¥ Frequencies, f; Fisher's exact probabilities test, I'(a/b)/(1/24-3+4): grid with two rows (1 and {2+3+4]) and two columns (a and b).

§p <0001,
[l NS at the 5% level.

These observations are well summed up by the stage of
histological involution, Almost all the children suffering
from severe forms of malautrition (groups 2,3, and 4)
had seriously involuted thymus glands (severe-to-
extreme involution) vs 17% among the children of
group |, 3

Table 3 shows the major differences in anti-FTS label-
ing of the epithelial elements of the thymic parenchyma
between group | and groups 2, 3, and 4, The thymus
glands of group | almost always contained isolated epi-
thelial cells and Hassall corpuscles that clearly took up

TABLEG
Zinc concentration in the thymus in relation to body weight for
height*

Weight for height .
{wt/ht) n Zinc
% of normal ne/k (pmol/g)t
(2) wi/ht = 80 BT 25.7 £ 4.8(0.393 x 0.073)
{b) 70 =< wi/ht < 80 14 22.5 2.5 (0.344 % 0.038)
(c) 60 < wi/ht <70 19 21.3:% 1.8(0.326 £ 0.028)
(d) wi/ht < 60 i0 26.1 + 5.4 (0.399 1 0.083)
Comparisons Fi
a/bjc/dy§
af/btetd§
b/c/d§

* The thymus glands of four children (one undernourished, two with
marasmus, and one with kwashiorkor) could not be used.

T X SEM,

$ £ analysis of variance. £ 1/2/3/4: comparison of the four groups;

F 1/2+43+4: group | compared with groups 2, 3, and 4 combined; .2/

3/4: comparison of the three groups 2, 3, and 4,
§ NS at the 5% level,

the antithymulin label whereas in groups 2, 3, and 4 these
features were less common and less intensely labeled or
absent, The concentration of thymulin in the thymic pa-
renchyma, evaluated by the histological criteria pre-
viously described, sums up these observations. Expressed
as a percentage of the score attainable in normal chil-
dren, the thymulin concentration appeared to be rela-
tively conserved in the mildly malnourished children
with a mean score > 50% whereas it was very much lower
in the three groups of severely malnourished children.
Figure 1 shows, in addition, the close parallel befween
this concentration and the involution of the thymus by
weight, Finally it should be noted that in 27% of the se-
vere forms of PEM, in which the thymus was extremely
atrophied, no antithymulin labeling was seen, which sug-
gests that these thymus glands lacked this hormone.

Zinc content of the thymus as a function of degree
of nutritional deficiency

Values obtained from two well-fed young-adult thy-
mus glands are in good accord with published references
values (29, 30) and confirm the validity of our method
of Zn determination (Table 4). Tables 5 and 6 show that
there was no change in the concentration of Zn in the
thymus as a function of either the clinical form of PEM
or the weight deficit. The mean concentration of Zn for
all 54 thymus glands examined in this part of the investi-
gation was 22.8 + 1.7 ug/g, a value similar to those found
in human or animal (Table 4).

Zinc content of the thymus as a funciion of degree
of involution and of thymulin content

_Tables 7 and 8 show that there were no significant
differences among thymus Zn concentrations as a func-
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TABLE7 thymopoietin; this suggests a deficiency of these two fac-
Zinc concentration in the thymus in refation to weight of the gland*® tors, which are also produced by the thymic epithelium
Wouht of thymus - Zine (13). On the other hand, our results conflict with those
$ Y of Maire et al (21), who did not find any changes in thy-
g rE/g (smal/ght mulin activity as a function of the nutritional state in a
(@) thymus <2 27 206 2.4(0.330 £ 0.037) ?I:)%ullz:son of hospitalized children in the same hospital
(b) 2= thymus = 5 15 22.3:2.6(0.341 £ 0.040) i i
(©) thymus > 5 12 26.1 2 4.0 (0.399 £ 0.061) The main difference between the work of those au-
. thors and our work is that we made our observations ex-
Comparisons /’; /#9‘ clusively on dead children. Any comparison with living
- a/bfc

* The thymus glands of four children (one undernourished, two with
marasmus, and one with kwashiorkor) could not be used.

1 X+ SEM.

1 F: analysis of vasiance. F 1/2/3/4: comparison of the four groups;
F 1/2+3+4; group | compared with groups 2, 3, and 4 combined; £ 2/
3/4: comparison of the three groups 2, 3, and 4.

§ NS at the 5% level.

tion of the weight deficiency of the thymus or of the con-
centration of thymulin in the thymic parenchyma.

Effects of infection

None of the variables studied in this investigation was
affected by the presence of infection except for.the thy-
mus Zn concentration. Fifty-four children were studied
in this regard. The thymus glands of the 10 uninfected
children differed from the rest in their significantly
higher Zn concentration (31.5 & 4.7 ug/g vs 20.8 + 1.6
ug/e, p<0.01).

Effects of the interval before autopsy

None of the variables studied, in particular the anti-
thymulin labeling, appeared to be significantly related to
the time between the child's death and the freezing and
fixing of the thymus, The longest delays are not statisti-
cally correlated with the lowest antithymulin labeling,
which suggests that the intrathymic thymulin was not de-
graded within these relatively short periods (Table 2).

Discussion

Our results confirm the involution of the thymus in
children who die in a state of PEM. The very severe
thymic damage in severe forms of PEM is accompanied
by an at least equally severe decrease in the thymulin
content of the gland, These observations are in accord
with the idea of a substantial decrease in the contribution
of thymulin to the lymphocyte-differentiating action of
the thymus. They also suggest that there is some damage
to the thymic epithelium, of which thymulin is a func-
tional marker.,

Our findings agree completely with those of Chandra
(20), who showed a substantial decrease in circulating
thymulin in severely malnourished children. They also
agree with the observations of Olusi (18) and Jackson
(19), who showed the sensitivity of peripheral lympho-
cytes of severely malnourished children to thymosin and

children, even seriously ill ones, must therefore be inter-
preted cautiously.
In addition, the immunohistological technique used

in this investigation specifically identified the thymulin -

molecule in thymic parenchyma. Biological estimation
of circulating thymulin by the technique of azathioprine-
sensitive rosettes may be affected by an allogeneic factor
secreted by activated T lymphocytes (31) among other
things. Maire et al (21) did not exclude this hypothesis
because most of the children in their investigation had
infections, in contrast with those studied by Chandra
(20). Most of the children we studied had infections too
and yet in cases of severe malnutrition had very low
thymic concentrations of thymulin,

It is plausible that the degenerative process might have
a similar effect on other lymphocyte-differentiating hor-
mones secreted by thymic epithelium, in particular thy-
mosin | and thymopoietin. In fact, Savino (32) showed
that these are produced in humans by the same epithelial
cells as those producing thymulin,

In our investigation, a Zn deficiency in the thymus
does not on its own explain the observed facts, There was
no significant relationship between the Zn concentration
and either the nutritional state or the degree of involu-
tion or thymulin content of the thymus. Obviously this
does not rule out the possibility that Zn deficiency may
have some effect outside the thymus because this metal
in particular is necessary for the lymphocyte-differenti-

TABLES
Zinc concentration in the thymus in relation to thymic thymulin
content*

Thymus FTS
concentration n Zinc
% ng/g (umol/glt
(a) Thymulin <10 16 23.7 4: 3.4 (0.363 £ 0.052)
(b) 10 < thymulin < 40 21 21.6 £ 3.0(0.330 £ 0.046)
(¢) Thymulin > 40 17 23.4:£2.0(0.358 +0.031)
Comparisons Fi
a/b/c§

* The thymus glands of four children (one undernourished, two with
marasmus, and one with kwashiorkor) could not be used.

t X+ SEM.

} F: analysis of variance. F 1/2/3/4: comparison of the four groups;
F1/243+4: group | compared with groups 2, 3, and 4 combmed F3y
3/4: comparison of the three groups 2, 3, and 4.

§ NS at the 5% level.
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ating activity of thymulin, the active Zn-complexed form
of the hormone. The presence of a Zn deficiency perhaps
associated with PEM depends on the nutritional envi-
ronment, which differs from one country to another, In
the Dakar region Zn deficiency does not seem to be very
great, as Maire et al (21) showed by mcasurements of Zn
concentrations in blood.

Our results are not, however, incompatible with those
of Golden and Jackson (33), who showed the beneficial
effects of Zn supplements on size of the thymus evalu-
ated by radiography of malnourished children. Zn does
in fact favor protein synthesis and cell multiplication
(34). In fact, there may be several independent causes of
thymic atrophy, including low Zn, PEM, infection, and
steroids, of which only PEM was shown conclusively for
this Senegalese cohort,

In thisinvestigation infection apparently had no direct
effect on thymic involution. The only relationship be-
tween infection and the other variables examined is with
the Zn concentration in the thymus. The thymus glands
of noninfected subjects were in fact significantly richer
in Zn. Zn, like iron, can rapidly disappear from plasma
in many infections to be accumulated primarily in the
liver. This redistribution could have a possible value as a
host defensive mechanism (35, 36). Other alterations in
Zn metabolism can be associated with infection, such as
diminished dietary intake or increased losses of body Zn.
There are no major body storage depots for Zn so that
deficiency seems to be usual (22, 23).

This investigation provides direct evidence that the
thymic involution seen in the course of PEM is accompa-
nied by altered content of thymulin, Insofar as the thy-
mulin content can be considered representative of the
lymphocyte-ditferentiating function of the thymic epi-
thelium, this functional change is probably one of the
main causes of ihe deficiency in cell-mediated immu-
nity.

1t would therefore be of interest to use therapeutic
means to alleviate the deficiency of thymic functions in
severely malnourished children. In some severe forms of
PEM, at least on a short-term basis, replacement therapy
using synthetic thymic hormones, might be used along
with the very important nutritional measures. This has
been perfoxmed successfully in certain severe congemldl
or acquired immune deficiencies (37, 38).

We thank R Dardetin and P Tankosic for their valuable help in the
pathology studies of the thymus.
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