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Summary: The percentage of peripheral blood lympho-
cvies forming rosettes with sheep eryvthrocvies (E-ro-
sertes) was determined in 33 severely malnourished Gua-
temalan children, and in two groups of clinically well but
mildly growth retarded children from the same environ-
ment. Mean E-rosecttes in the acutely ill patients was
lower than the value obscrved in the mildly malnourished
children. although there was considerable overlap be-
iween groups. These data differ from previously pub-
lished studies of severely malnourished children from
other parts of the world in that not all patients had de-
creased values for E-rosetles, in contrast 10 the uniform
depression reported by others. As all patients were clini-

cally similar, the results suggest that there may be spe-
cific nutrient defects associatcd with protein—energy
malnutrition that particularly affect immune function. In
addition, in vitro incubation of lymphocvies from the
acutcly malnourished children with the thymic factor,
thymosin fraction 5. increased the percentage of E-ro-
seltes in a dose-dependent fashion. Thesc data suggest
that immature, thymosin-responsive T cells are present in
circulation. It is possible that in vivo thymosin adminis-
tration may be beneficial for malnourished individuals.
Key Words: Lymphocytes—Malnourishment— Guate-
mala— Thymosin administration.

Severe protein—energy malnutrition (PEM) is as-
sociated with immune system defects (1-3). These
acquired immunodeficiencies may impair host re-
sponscs to infectious discases in undernourished in-
dividuals. resulting in longer lasting and/or more
scevere illnesses. Functional lesions of the immune
svstem are thus central to the synergistic cyclical
interaction of nutrition and infection lcading to
overt PEM. Dcfects in cell-mediated immunity are
most commonly and consistently described and are
manifesied by 2bnormalities of in vivo delayed-type
hvpersensitivity skin test responses, changes in
populations of circulating T lymphocytes, and de-
presscd responses to mitogenic lectins (4).
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Because of the marked atrophy of the thymus
gland, the cellular deplction of T-dependcent regions
of spleen and lymph nodes in severe PEM, and the
importance of the thymus in development and mat-
uration of T cells. 1t is possible that thymic abnor-
malities underlic the observed defects in T-cell-me-
diated immunity (1-3). The thymus influcnces mat-
uration of T cells by direct cell-to-cell contact
and/or production of soluble factors (hormones)
(5-7). Addition of thymic hormones to human T
cells in vitro can induce the expression of surface
markers such as the shecp crythrocyte adhierence
sites (receptor) that mediate the E-rosette phenom-
cnon (8-10). Whereas little 1esponse 1s observed in
subjects who have normal numbers of T cells, in
some diseases in which the number and percentage
of circulating T cells are reduced, a short incuba-
tion in vitro with thymic factors increases the
number of cells that form E-roseties and umnproves
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in vitro T-cell function (§,1)1-13). These observa-
tions sugrest that the deficiency of mature T lym-
phocytes in such patients may be, In a pathophysio-
Jogical «ense, problems of maturational arrest or re-
1 dation.

In the piesent study, periphieral biood lympho-
cvtes from 33 severely malnourished Guatemalan
children were exposed in vitro to the partially puri-
fied bovine thymic factor, thymosin {raction 5. The
results coniirm previous reports from Africa (14)
and Asia (15) that thyvmic factors increase LE-ro-
settes during the acute phase of severe PEM. In ad-
dition. our data demonstrate that only some but not
all clinically similar PEM patients have a reduction
in the percentige of circulating T cells, that the re-
-sponse to thymosin in vitro is inversely related to
the percentage of E-roscties in the absence of thy-
mosin addition. and that thc cffect is dircctly re-
lated to the dose of thymosin.

MATERIALS AND METHODS

Patients

Thirty-three Guatemalan children with acute
PEM werc studied within 4 days of admission 1o
the hospital. Thirty-two were between 3 and 19
months of age (mean, 9 months), and one was 30
months old. All had diarrhca on admission or a his-
tory of antecedent diarrhea. Weight-for-age was
less than 70% of the Institute of Nutrition of Cen-
tral America and Panama (INCAP) growth stan-
dards for Central America. indicating severe PEM.
while 31 children were cdematous, consistent with
severe protein deprivation (kwashiorkor). Due to
the variable degree of edecma present, however, ac-
curate assessment and comparison of subjccts were
not possible. Nevertheless, all patients were clini-
callyv similar and severcly ill.

With parental permission, a 10-ml sample of pe-
riphcral blood was obtained in preservative-free
heparin (20 U/ml). placed on ice, and transported
within 30 min 1o the Jaboratory at INCAP for the
investication described below. In addition, during
the course of other INCAP studies, 5 ml of blood
was obtained from 13 children (10-18 months of
age) from the coastal Jowlands, and from 28 chil-
dren (9—-18 months old) living in the highlunds.
These children were all clinically well at the time.
bu: eahibited mild retardation in growth (deficit in
height-for-age of less than 1377). These samples
were placed on ice and transporied to INCAP
within 2 h.
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Jsolation of Lymphocytes

Lymphocytes were obtained by conventional Fi-
coll-Hypaque gradient” centrifugation (Ficoll-
Paque, Pharmacia, Piscataway, NJ, U.S.A.}). The
interface cells were harvested, washed three times
in Hanks balanced sali solution (JABSS), and resus-
pended in § ml of HHBSS. To this, 25 ul of a 1%
suspension of washed latex particles (0.8-p di-
amcier: Difco. Baliimore, MD. U.S.A.) in normal
saline. and 1 ml of autologous fresh pliasma. were
udded. The <aumples were mixed and incuhated at
37°C for 30 min. Cells contmning phugocviized
latex (macrophages) were excluded from Ivm-
phocyie counts. An aliquot of the cell suspension
was mixed with an equal volume of 0.4% trypan
blue, the number of viable lymphocytes was
counied, and the suspcnsion was adjusted to 5 X
106 viable lymphocytes per milliliter in IBSS.

Preparation of E-Rosettes

Lymphocytes (5 x 10° cells in 0.1 ml) were
addcd 10 0.1 ml of a 1% suspension of sheep cryvth-
rocytes (S-RBCs) in saline and 25 pl of heat-inacti-
vated fetal calf serum previously adsorbed with S-
RBCs. Samples were mixed, incubated in a water
bath at 37°C for 5 min, centrifuged at 500 rev/min
for 5 min, and then placed in the refrigerator over-
night. The following morning the peliet was gently
resuspended by tapping the tube. A drop of the
sample was placed in cach slide of a hemocyiom-
cter chamber with one drop of 0.4% trypan blue.
Rosettes were enumerated in duplicate in 200 vi-
able cells. The number of nonroseiting lympho-
cytes and both large or E-rosettes (three or more
attached S-RBCs) and small rosettes (onc 10 two
attached S-RBCs) were recorded. For the last two
counts. attachment of the S-RBCs was confirmed
by obscrving any motion of the ervthrocytes when
the slide was gently tapped. The mean value of the
duplicate counts was rccorded. Only lvmphocytes
with three or more attached SRBCs were consid-
cred 10 be truc E-rosctting cells. These results are
referred to as the control. or no thymosin dose
level, in the analysis.,

Incubation with Thymaosin Fraction 5

Thymesin friction 5 (§-5). lot number CY8035 (a
gift of Hoflinan LaRoche, Nutley, NJ, U.S.A.).
wis diluted in HBSS to concentrations of 40 or 400
pg/ml. Equal volumes of Jymphocvie suspension
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znd -5 were mixed and incubated at 37°C for 1 h,
providing final -5 concentrations of 20 and 200
28/ml (§-10.14). The control tube comained HBSS
in place of {-£. Following incubation, E-roscties
were prepared und counted as described above.

Statistical Mcthods

The percentage of E-rosetting I}'mpimcyles from
acute PEM patients and lowland and highland chil-
dren were compared using one-way analysis of
variance (ANOVA) with a lincar contrast, com-
paring acute PEM infants with the combined low-
land and highland subject. Significance levels were
chosen as a = 5%. The effect of thymosin dosage
levels on the distribution of rosctting and nonroset-
ting cells was analyzed using Friedman’s rank sum
test: the difference between the number of LE-ro-
scttes and the nonrosetting cells and the number of
small roscites was also analyzed. Chi-square (cor-
rected for continuity) was used to compare the per-
centage of infants (PEM) who had increased
numbers of E-rosettes with chance hypothesis
(50/50) for the (200 p.g/ml) treatment. Lincar regres-
sion analvsis was performed with the BMDP staus-
tical package to cvaluate the relationship of the re-
sponsc 10 f-5 and the initial percentage of E-ro-
settes in the nonthymosin samples. Proportional
analvsis of f-5 induced changes in nonrosetting
cells. Changes in small roseties were performed by
McNemar's test.

RESULTS
E-Roscttes

The pcrcentage of E-rosettes in the 33 acutely
malnourished patients and the two mildly malnour-
ished groups are shown in Fig. 1. The mean number
of E-rosctie cells for the PENI patients was 86.5 (or
43.3% of 200 cells counted). compared with 108.5
(54.2%¢) for the lowland children and 100.5 (50.3%)
for the highland children. These differences were
significam [F(2,71) = 3.83, p < 0.05). By use of a
lincar contrast, the number of E-rosctting cells in
the PEM group was found to be significantly
smaller than the other two groups [F(1.71) = 6.91,
p < 0.025].

Effect of -5 Dosage Levels on E-Rosettes

Figure 2 shows the change in the number of E-
roseties following incubiation with f-3 a8 & function
-of the initial percentuage of E-rosettes in the sumples
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FIG. 1. Percentage of peripheral blood lymphocytes
forming E-rosettes with sheep erythrocytes in 33 chiidren
with acuie protein—energy malnutrition (PEM), and in 13
clinically well infants with mild malnutrition and growth re-
tardation from the coastial iowlands, and in 28 infants from
the highlands of Guatemala,

without thymosin. The cffect of -5 was inverscly
rclated 1o the initial percentage of E-rosettes in the
contro! (nonthymosin) sample (r = —0.58 and
—0.56 for the 20- and 200-pg/ml dose levels of t-5.
respectively; p < 0.0] in both cases). The mean
values for the number of E-rosettes, small rosettes,
and nonrosciting cells are shown in Table 1. There
was a steady incrcase in the number of E-roseties
as the amount of added f-5 was increased, and a
correspanding decrease in both small rosettes and
nonrosctting cclls. As these three results are con-
strained to add to the 200 cells counted in cach ex-
periment, the effect of -5 dosuge levels was ana-
lvzed using the difference between the number of
nonresetting cells and E-rosctting cells for cach
child (Table 2). The increase in this value as dosage
level increased. from 3.3 without thymosin to 23.3
at the 200 peiml dosage level, was significant [F(2,
64) = 12.29, p < 0.005).

J Podian Gastroenterol Nare, Vol 6, N, 22T
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FIG. 2. Effect of in vitro incubation with thymosin fraction 5 (closed circles, 20 pg/ml; open circles, 200 pwg:ml) on the number of
£-roseiles as & function of the inilial perceniage of E-rosettz-forming cells in control (no thymosin samples). Above the hori-
zontal line indicates an increase in E-roselles and below the line is a decrease in E-rosette in the thymosin-containing sample.

This parametric result was checked by a distribu-
tion-free statistic, Friedman's rank sum test, for
each category of lvmphocyte (nonrosctting cells,
small roseties, and E-rosettes). The change in both
nonrosetting cells and E-rosettes as -5 dosage in-
creased was significant [S' = 14.91, x° (2d.) =
14.97. p < 0.01; 18.94, x* (2d.f) = 18.94, p < 0.01],
however, the change in small roseties was not |S’
= 2.31. %% (2d.f) = 2.31, p < 0.35].

Finally, the proportion among the 33 PEM pa-

TABLE 1. Effect of thivinosin fraction § on E-roseite
Jorming Ixmphocyies in 33 malnourished
Guaiemalan children

Number of cells counted (mean = SEM)

Thyinosin dose

Rosene e = e

classification None 20 pgiml 200 pp'ml

F-Rosettes 86.7 = 5.1 93.2 = 4.2 9e2 = 4.4
(437%) (47%%) (49%%)

Small roseties 09 - 1.3 i T P U S
t1E7e) {1470 (1376

souresetimg cells §3.4 - d6 W= 4l 749 =39
42%) (39°7) (375
200 200 20

Tl cells counted

— - — - ———

! ¢
')

A Aa Geireensored Nune Vol G, Noo D 1VS?

tients showing an increase in E-rosettes when their
cells were exposed in vitro to 200 pg/ml of {-5
(27/33 or 82%) was significantly greater than those
who did not (6/32. or 18%) [x2 (1d.f) = 9.82, p <
0.005]. Small rosetung cells either increased or de-
creased after incubauon with 1-5 1n 31 subjects. The
proportion among this group with an incrcase
(14/31) or decrease (17/31) in small roscttes was
equal |x? (1d.f) = 2.5. p > 0.05], but in cither case
was associated with a decrease in nonrosetting cells
in 24/31 samples (Table 3).

DISCUSSION

In this study. the mean percentage of mature cir-
culating lymphocyvtes. assessed by the E-rosctie
technique, was significantly lower mn acute PEM

TABLE 2. Differcnce between the number of E-rosetting
cells aind nonroscriing «ells by thyvmosin dosage level®

200 pg'ml

23.3.(8.2)

— ——— s —_—— —— e E— . —— —

20 pe'ml

15.2 (R.2)

No thymosin

3.3(9.6)

—— -

“ Mcan response (SEM): E-rosctiing cells minus nonrosetting
cells (n = 33).
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JARLE 3. Proporiional analysis of thymosin-induced
changes in smali-roseiting and nonrosciiing cells

Change in nonrosctting cells

Chanze in small

joselles Increase Pecrcase Total
Incresse 3 11 14
Decrezse 4 13 17
Total 7 24 31

patients compared to clinically well children from
the same ecosystem with mild growth retardation.
Of the 33 acutely malnourished Guatemalan infants
studied. only 13 (39%) had a marked dcpression,
defined as less than 40% E-rosetting lymphocyies
in the peripheral blood, compared 1o 7 of 41 (17%)
better-nourished children. The lowered percentage
of E-rosettes in the PEM patients js consistent with
data from developing countries around the world
(1-3.14-19). However, our data show that clini-
cally severe PEM paticnts do not necessarily have
marked depression in this measurc of immune
status. In facl. there was considerable overlap in
percentage of E-rosettes between acute PEM pa-
tients and mildly malnourished but clinically well
children. Although we cannot explain the differ-
ences between our results and other studies, it
should bc noted that in our assay for E-rosecttes
great carc was taken to count only viable lympho-
cvtes determined by trypan blue exclusion and to
exclude latex-ingesting macrophages from the
nonrosetting cell count. Previous studies have not
been as rigarous in enumeration of truc L-roscties.

The rcasons for the heterogeneity in E-roseties in
clinically severe PEM patients are not clear. Fur-
ther studies need 1o examinc possible confounding
factors responsible for this variability, for example,
differences in micronutrient status or the cffects of
concomitant or preceding infections (4). The clin-
ical significance of the depressed level of E-roseties
in some mildly malnourished children is also uncer-
tain. Prognostic implications of depressed T cells in
mild PEM also need to be studied in prospective
fashion. 1t is possible that this immunologic mea-
sure will. be a beiter risk predictor for infection-re-
lated morbidity and deterioration in nutritional
status than is the commonly used measure. i.e.. an-
thropometry.

= vitro incubaiion with the thymic factor. f-5, in-
creesed the nuimber of E-oscttes in i dosc-related
fashion in patients with low initial values for E-ro-
settes. In vitro induction of E-rosctting cells with

thymic factors in malnourished patients in Bangla-
desh ‘and Nigeria has been reported by others
(14,15). Thus, functional abnormalities of the
thymus gland in PEM paticnts. such as reduced
production of thymic hormones, may be respon-
sible for the decrease in circulating mature T cells.
Clinical assay of thymic factors in PEM paticnts
have been performed in only two studies. Serum
level of Facteur Thymique Scrigue (FTS) was de-
crcascd in PEM patients in one study (20) and un-
changed in another (21). However, only ninc pa-
ticnts were cvaluated in the former study (20) com-
pared 10 33 subjects in the latter study (21) in which
the samples were also filtered over an Amicon
membrane to remove an FT'S inhibitor. The rela-
tionship, if any, between serum FTS levels and the
presence of circulating {-5 responsive cells 1s not
certain. As f-5 serum Ievels were not measured in
the present investigation, we cannot defermine
whether or not the in vivo level of {-5 would predict
the response to {-5 added in vitro. A less likely ex-
planation for increascd immature circulating lym-
phocytes in PEM is the possibility that the ob-
served changes are due to redistribution of lympho-
cyte subpopulations between the circulation and
centra) or peripheral lymphoid organs. Independent
of cause, however, the clinical evidence of de-
pressed ccll-mediated immune functions in mal-
nourished hosts (22) indicates that the changes in
circulating lymphocyte populations reflect impor-
tant functional changes in PEM that contribute 10
morbidity and mortality.

We also considered whether the change from
nonrosctling to E-rosetting cells was an all-or-none
or a graded phecnomenon by counting small roscties
with one to two attached sheep crythrocytes in ad-
dition 1o E-roseties. Three findings suggest that the
conversion to E-rosecttes is via an intermediary
small rosctie stage. First, the numbers of nonroset-
ting cells and small roseties were both inversely re-
lated to the number of E-rosettes. Sccond, in the
presence of -5, the increase in E-rosctles was ac-
counted for primarily by decreases in nonrosetting
cells and to a lesser extent by a decrease in small
rosettes. Third, independent of the direction of
change of small-rosecties induced by -5, a de-
crcase in the nonrosctting cells was scen in 27/31
instances in which a change in this ccll compart-
ment wias detected. The graded maturation model
predicts that an increase in small rosettes due to
conversion of nonrosetting cells could be obscured
by simultancous induction of small rosetting T cells

1 Podiatr Guatras nterel Nutr, Vol. 6, No. 2, 1987
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to become E-rosettes. We therefore propose that
f-5 induces a progressive maturation from nonro-
sejting (immature) to small rosetting cells (partially
mature). and finally to mature E-rosettes.

These results suggest that PEM results in a ma-
turational arrest of T-lvmphocyte development at
the thymic level. This is also consistent with pre-
vious findings that in vitro incubation of human
lymphocvies with 1-5 results in a decrease in null
cells (23). and that synthetic thymosin al. a peptide
originally isolated from the crude extract. -5 (24),
modulates thymocyte terminal deoxynucleotidyl-
transferase activity in mouse cclls (a2 marker of thy-

mocyle maturation). and induces the appearance of

T-cell surface maturation antigens on circulating
mouse lvmphocytes, including Thy 1.2 and Lyt
1.2.3 (25.26). Thus. the T-cell defect in PEM may
be considerced 10.be, tn part, an endocrine abnor-
mality. If this is true, then the implications of this
concept for more rapid restoration of T-cell func-
tion in malnourished subjects by thymic hormone
replacement therapy are obvious. Further studies
of the functional consequences of thymosin addi-
tion in vitro are warranted as a next step.
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