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Suminary: The percentage of peripheral blood lympho-
cvies forming roseties with sheep ervthrocytes (E-ro-
settes) was determined at admission to the INCAP Clin-
ical Center in eight acutely malnourished Guatemalan
children. and again afier 14 and 28-30 days of nutritional
therapy. While the mean percenlage of E-rosettes in-
creased during therapy. the change (from 35.6 = 10% to
43.3 = 19%) did not reach statistical significance because
of the vuriable response of difierent subjects. At each
time period. however. in vitro incubation with the thymic
factor. thymosin fraction 5. significantly increased the
percentage of E-rosetting lymphocytes. The presence of
thymosin responsive cells in circulation afier 1 month of

optimal nutritional support indicates that immature T-
lymphocytes can persist in circulation in patients with se-
vere malnutrition, even after clinical improvement. Thus,
ncither the percentage of E-rosettes in peripheral blood
nor their response to in vitro incubation with thymosin
correlated with anthropometric measures of nutritional
status in individual patients. This suggests that other
nutritional or nonnutritional factors may be importiant
modulating influences on T-lymphocytes, and that pro-
speclive studies with thymic factor administration are
warranied. Key Words: Peripheral blood lymphocytes—
E-Rosettes— Thymosin— Malnourishment.

Dcfective cell-mediated immune (CMI) re-
sponses are frequently encountered in children with
protcin—energy malnutrition (PEM) (1-6). Because
of the central role of the thymus in the development
of T-lvmphocytes involved in CMI responses (7)
and the presence of thymic atrophy and decreased
numbers and percentage of mature circulating T-
cells that accompany PEM (1-6,8,9), it has been
postulated that replacement with thymic factors
muv improve immune function in these patients (6).
In the accompanying paper (10), we have shown
that some but not zll PEM patients of similar nutri-
licnal siatus, as defined by anthropomnetric and
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clinical asssessment, have subnormal proportions
of mature T-lymphocytes in peripheral blood. In
vitro exposure of peripheral blood lymphocytes
from these subjects to a thymic peptide fraction,
thymosin fraction 5 (f-5), increases the proportion
of E-rosetting T-cells, suggesting that patients who
demonstrate such a response in vitro have in-
creased numbers of immature circulating pre-T-
lymphocytes in vivo.

In this paper, we report the effects of nutritional
therapy on the proportion of E-rosetting lympho-
cyles in circulation and the lymphocyte response in
vitro to f-5. These data indicate that despite pro-
gressive improveinent in nutritional status during 1
month of intensive nutritional support, the change
in percentage of E-rosetting T-cells is variable in
individual patients. More important, because cells
responsive in vitro to {-5 remain in circulztion, con-
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unuced thymic dysfunction may be present in these
patients.

MATERIALS AND METHODS

Eicht children, five boys and three girls aged
14-38 months, were admilted to INCAP’s clinical
center with severe edematous PEM by clinical, an-
thropometric, and biochemical criteria (Table ).
The research protocol was approved by the Com-
mittee on Human Rights at INCAP, and informed
parcntal consent was obtained. Ten milliliters of pe-
ripheral blood was obtained in preservative-free
heparin (20 U/ml) within 24 h of admission and on
days 14 and 28-30 of hospitalization. Peripheral
blood mononuclear cells were isolated and exposed
to a final concentration of 20 pg/ml of the partially
purified bovine thymic hormone, thymosin fraction
5 (f-5, lot number BPP-100, a gift of Hoffmann La-
Roche, Nutley, NJ) in Hanks’ balanced salt solu-
tion (HBSS) or HBSS alone, as described in the ac-
companying paper (10). Following incubation, T-
lymphocytes were identified by the E-rosctting
technique, and the number of nonrosetting, small-
rosetting (1-2 firmly attached sheep erythrocytes),
and E-rosetting lymphocytes (3 or more {irmly at-
tached shcep crythrocytes) were enumerated in a
200 cell count (10). Based on the variability in mea-
suremen! of E-roscttes in our laboratory (mean,
54.62; SD, 4.2%2: SD/mean, 0.077), we have arbi-
trarily designated a change equal to or greater than
=+ 1.3 SD (6.3%) as a response (o ¢ither nutritional
treatment or in vitro exposure to f-5.

Nutritional therapy consisted of a gradual in-
crease in dict to 150 calories and 4 g protein/kg
body weight/day over a 1-weck period. Vitamin A
(100,000 1U) was given orally on day 1. Daily sup-
plementation with vitamins and trace minerals (in-
cluding 60-mg eclemental iron as FeSO,) to meet re-
quirements was started on day 8.

The results were examined statistically by anal-
vsis of variance. .

TABLE 1. Anthiropomeiric and biochemical dara

Admission Day 14 Day 28-30

Weight-for height
(°r of standard)® 70.0 = 7% 77.0 = 6 §7.0 = 11
Plzsma protein (g/dl) 43 = 0.4 6.1 = Lt 73 = 1.2
Serum zlbumin (g/dl) 1.8 = 0.7 28 = 0.7 36 = 0.8
Bemoglobin (g/dl) $§8 1.2 9.0 =15 94 =09

@ Based on '‘dry weight™ calculatled afier disappearance of
cdema comparcd to SO0th percentile of NCHS standards.
# M~an = SD.
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RESULTS
Clinical Evaluation

Table 1 summarizes the paticnt characieristics in
the eight patients on admission. Nutritional therapy
resulted in marked improvement in weight-for-
height after 4 weeks in all but onc child.

E-Rosettes

The mean percentage of E-rosetting T-lympho-
cytles in the first blood sample was 35.6 = 10%
(Fig. 1). Although this value incrcased during the 4
weeks of obscrvation, the change was not statisti-
cally significant because of variable responses of
individuals (F = 0.2868, p = 0.76). By 4 weeks of
nutritional support, the mean of 43.3 + 19% was
still below the value obtained in healthy children
with mild growth retardation from the same popula-
tion (10). The reciprocal change in the percentage
of nonrosetting cells, and the minor decrease in
small rosettes with time, did not reach statistical
significance (F = 0.0457 and 0.2554; p = 0.96 and
0.78, respectively).

Effects of f-5

In vitro treatment of lymphocytes obtained at ad-
mission with {-5 resulted in a mcan increase of 8.0
+ 4.7% in the proportion of lymphocytes forming
E-rosettes (Fig. 1; F = 48.6, p < 0.0001). An in-
crease of similar magnitude was observed in the
follow-up samples at 2 and 4 wceks of nutritional
therapy. This increase in E-roscties was entirely
at the expense of nonrosetting cells (F.= 49.9,
p < 0.0001). A significant increasc in response to
f-5 as defined in this study (6.3%5) was observed in
14/20 samples in which the bascline value in the ab-
sence of f-5 was less than the mean value observed
in clinically well Guatemalan children [mean E-ro-
sette values of 35% (20 samples) versus 52% (41
samples). respectively] (10). This can be compared
to 1/4 responders among those with higher baseline
percentage of E-rosettes (mean, 61.9%¢). The re-
sponse to f-5 was indcpendent of time (F = 0.0407,
p = 0.06 for E-rosettes and F = 0.0523, p = 0.95
for nonrosctting lymphocytes).

Nutritional Siatus and E-Rosctics

Although nutritional status and the proportion of
E-roscttes incieased over the 4 weeks of observa-
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FiG. 1. Mean perceniage (% 1 SD) ol E-rosetles (circles},
small roseties (triangles), and nonrosetling lymphocyles
(squares) among peripheral blood mononuclear cells in
eight palients with protein-energy malnutrition. The open
symbols represent assays in the absence ol thymosin frac-
tion 5, 2nd 1he closed symbols are the results of assays fol-
lowing incubation in the presence of thymosin (20 pg/ml).

tion in the group as a whole (Table 1 and Fig. 1), the
response in individual patients was variable (Fig.
2). In some, clinical, nutritional, and immunological
status changed in parallel; in others, there was no
obvious relationship. Four cases are illustrated.

Case 1 (PC 569)

A 34-month-old fémalc had an unexplained fever
for the first 3 weeks of the study and concomitant
decrease in E-roseties from 45 to 22%. When ery-
thromyvcin was given, she defervesced and rapid
catch-up growth began. By day 28 the percentage
of E-rosetics had increased to 80%. Weight-for-
height did not change from admission to day 14
(77-81% of standard), but then rcached 94% of

standard by day 30.

Case 2 (PC 567)

A 20-month-old male had an uncomplicated clin-
ical recovery and steady increase in percentage of
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FIG. 2. Weight curve (closed circles) and the percenlage of
E-rosettes in the absence (open triangles) and presence
(closed triangles) of 20 pg/mi of thymosin fraction 5 in four
children with acute protein—energy malnutrition. Cases 563
and 567 were clinically uncomplicated and showed a good
nutritional response {weight-for-height 87 and 91% of stan-
dard by 4 weeks). Percentage of E-roseties improved in case
567 but steadily diminished in case 563. Cases 562 and 569
experienced febrile iliness during the course of observation,

" with an associated fall in perceniage of E-rosetles. In the

former patient, weight-for-height lailed to improve by day 30
of trealment (increase in weight-for-height from 56 to 63%)
and E-rosettes dropped to 27%. In the lailer child, per-
centlage of E-rosettes improved when antibiotic trealment
was iniliated and was associated with improvement in nulri-
tional stalus (weight-for-height, 94% by day 30).

E-rosettes to normal (56%) as weight-for-height
reached 91% of standard. The effect. of f-5 on day
14 was striking, incrcasing percent E-roscites from

34 10 64%.

Case 3 (PC 563)

An 18-month-old female had an uncomplicated
clinical recovery, and an incrcase in weight-for-
height from the initial value of 65-87% of standard.
Nevertheless, the percentage of E-rosettes steadily
decrcased from 43%5 on admission to 38% at day 14

to 17%¢ by day 30.

Case 4 (PC 562)

A 14-month-old male had unexplained anorcxia
and little improvement in weight-for-hcight during
the first 2 weeks (from 56 to only 63% of standard),
but a normalization of the percentage of E-roseties
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from 42 to 57%. Fever developed on day 14. Ampi-
cillin was begun on day 18, with defervescence,
however, diarrhea began on day 20. While there
was no further change in weight-for-height during
this period (61% of standard at day 30), the per-
centage of E-rosettes decrcased to 27%.

DISCUSSION

The rcsults of the present study show that de-
spite clinically adequate nutritional recuperation 1
month after hospitalization, PEM paticnts may still
have subnormal proportions of E-rosetting lympho-
cvies in their blood. For comparison, we have used
data obtained in our laboratory from other Guate-
malan children who are mildly growth retarded but
clinically healthy (mean value, 52%) (10) and other
data reporied in the literature from Africa and Bang-
Jadesh (49.9 and 53.7%, respectively) (11,12). As it
is likely that the majority of these children are at
least marginally malnounshed as well, these figures
represent a mimimum estimate of the true normal
proportion of E-rosetting cells in this age group.

As we and others have noted before, In vitro in-
cubation with thymic faclors results in an increase
in the proportion of E-rosetting cells in subjects
with initially low values (10,13,14). Of interest In
the present study, a similar magnitude of rcsponse
to f-5 in vitro was found after 2 weeks and 1 month
of optimal nutritional rehabilitation. This indicates
that despite clinically satisfactory nutntional recu-
peration, f-5 responsive and presumably immature
cells may still be found in the circulation. Indeed,
this response to f-5 may be a useful functional indi-
cator of recovery of the immune system with nutni-
tional trcatment for severe PEM. By 4 weeks of nu-
tritional therapy, the mean proportion of E-roset-
ting cells in vitro in the presence of -5 reached the
value observed in vivo in mildly malnourished con-
trols (10). The failure to accomplish this degree of
In vitro restoration carlicr in the course of treat-
ment suggests that there may be subpopulations of
cclls responsive to different thymic hormones and/
or a prethymic lymphocyte defect in PEM, re-
sulting in a deficit of cells able to respond to the
thymic hormone signal.

Thus, in contrast 1o other data (4), our results
show that clinically accepiable nutritional recuper-
aiion does no! guarantece concomitant reversal, of
the T-lymphocyte abnormalities associated with
PEM. Thercfore, therapeutic measures are still
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nceded to accelerate the improvement in immuno-
competence. Studies in patients with primary im-
munodc{icienciecs have led to the concept that the
degree of responsiveness of T-lymphocytes to in
vitro treatment with thymosin represents the level
of thymic factor-associated CMI deficiency in the
patient (13,14). Because of the in vitro effects of -5
on E-roscttes in PEM patients and because in vivo
administration of thymic factors to some immuno-
suppressed patients can improve immune function
(13,14), administration of f-5 to malnourished chil-
dren may represcnt one way to accomplish more
rapid restoration of CMI functions. Because it is
possible that subpopulations of T-lymphocytes
could respond to different thymic factors. it may be
necessary to administer various thymic factors to-
gether for maximum improvement. If successful,
however, this therapy might reduce both morbidity
and mortality from infection during the clinically
vulnerable initial period of nutritional therapy
(15,16) until full recovery of the T-lymphocyte
system can occur.
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