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Introduction

Summary

The mechanisms involved in impaired immunity in malnourished children
are not well understood. CD4* CD62L" and CD8" CD28" do not express the
naive cell markers CD62L and CD28, suggesting that they function as effector
T cells. Using a flow cytometry-based analysis we examined the proportions of
CD4" CD62L" and CD8"CD28 T cell subsets in well-nourished infected
(WNI) and malnourished infected (MNI) children. Here we report that
WNI children had a higher percentage of CD4" CD62L" (111 % 1.0) and
CD8* D28 (40-2 = 5-0) T cell subsets than healthy (6-5 = 1-0 and 23-9 * 4-8)
and MNI children (7-4 % 1-1 and 231 * 6-2, respectively) (P < 0-5). Data
suggest that WNI children respond efficiently against pathogenic microbes.
In contrast, relatively low numbers of circulating of CD4* CD62L" and
CD8" CD28™ T cells in MNI children may represent an ineffective response to
infection. Levels of effector T cells in children with gastrointestinal infections
versus those suffering from respiratory infections were also significantly dif-
ferent within the WNI group. While WNI children with gastrointestinal infec-
tions had higher absolute and relative values of CD8*, and CD8* CD28 T
subsets, by those with respiratory infections had higher values of CD4*
lymphocytes. However, due to the small number of subjects examined, our
results in WNI children should be interpreted with caution and confirmed
using a larger sample size. Our data suggest that altered expression of CD62L
and CD28 receptors may contribute to impaired T cell function observed in
MNI children.
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MNI children, WNI children have an increased percentage of
memory T cells [2,5].

Malnourished children are immunodeficient and therefore
more susceptible to infections compared to well-nourished
children [1].
impaired immune response observed in severely malnour-
ished infected children is related mainly to altered lympho-
cyte function rather than decreased numbers of T cell
subsets [2,3]. It has also been suggested that T lymphocytes
are unable to secrete normal quantities of cytokines which
mediate and regulate the activation, differentiation and pro-
liferation of lymphocytes required to achieve an adequate

Previous reports have indicated that the

immunological response [4]. In contrast to cells from mal-
nourished children with infection (MNI), those from well-
nourished children also with infection (WNI) respond
adequately to in vitro activation. Additionally, compared to

Infection-mediated T cell activation results in prolifera-
tion and acquisition of a variety of effector functions that
ultimately produce an array of effector and memory cells.
In their ability to proliferate in response to an antigen, T
cells display an extensive diversity of phenotypes, functions
and tissue migration patterns [6]. Effector and memory T
cells progress through a series of stages where the expres-
sion of cell-surface markers within CD4" and CD8* popu-
lations includes adhesion molecules, cytokine receptors and
other markers [7,8]. Naive T cells express homing receptors
such as CD28 and CD62L (r-selectin, Leu-8). CD28 is a key
co-stimulatory molecule involved in lymphocyte activation,
whereas CD62L mediates the binding of lymphocytes to
high endothelial venules (HEV) and is also involved in
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lymphocyte attachment to vascular endothelium at sites of
inflammation [9,10]. Both molecules are down-regulated in
effector T cells and their absence prime cytolytic functions
in CD4" and CD8" cell subsets [7,9].

Several studies have shown that CD4*CD62L" and
CD8" CD28 T cells are essential to mount an immunologi-
cal response to pathogens [7,9]. The aim of the present study
was to analyse the status of CD4* CD62L" and CD8* CD28™ T
cell subsets in WNI and MNI children, as well as in well-
nourished, non-infected children (WN).

Materials and methods

Study subjects

Blood samples were obtained from 11 well-nourished
healthy children (WN), and 10 WNI and eight MNI children
suffering from several primary bacterial infections. The bac-
terial infections were respiratory and/or gastrointestinal and
diagnosis was based on clinical symptoms and laboratory
tests. The WN and WNI children had normal weight and
height according to their age. The gender and age of children
included in the three groups were as follows: (a) WN chil-
dren were nine boys and two girls, age range 8—44 months;
(b) WNI children were six boys and four girls, age range
7-34 months. Two WNI children showed respiratory infec-
tions, two presented gastrointestinal infections and six had
both respiratory and gastrointestinal infections; and (c) two
boys and six girls were in the MNI group, age range
7-29 months. Three of these children showed gastrointesti-
nal infections, two were diagnosed with respiratory infec-
tions and three with both gastrointestinal and respiratory
infections. The severity of acquired malnutrition was
assessed by clinical signs and symptoms of malnutrition and
weight/height deficit according to the established values for
Mexican children [11]. Three children had second-degree
malnutrition (weight/height deficit >25% and <40%
according to age). Three children had marasmus (weight/
height deficit > 40%) and two were diagnosed with kwash-
iorkor (weight/height deficit >25% due to the presence of
oedema). All children were patients of the Maternity-
Paediatric Xochimilco Hospital (Mexico City, Mexico), and
the protocol was approved by the Medical Ethics Committee
of the General Direction of Medical Services (DDF, Mexico).

Cell preparation and staining

Heparinized peripheral blood was obtained from WN, WNI
and MNI children. Sample preparation and staining for flow
cytometry were conducted the same day that blood was
withdrawn from patients. Lymphocyte subsets were evalu-
ated simultaneously with monoclonal antibodies (MoAbs)
conjugated directly to fluorescein isothiocyanate (FITC),
phycoerythrin (PE) and peridinin chlorophyll (PerCP). First,
cells were incubated with MoAbs for 20 min. Two ml of (1x)

fluorescence activated cell sorter (FACS) lysing solution was
then added and cells incubated for 10 min. Cells were
washed and fixed in paraformaldehyde. All incubation
steps were conducted at room temperature in the dark.
Acquisition was performed using a FACScan flow cytometry
instrument and analysed using CellQuest software (BD Bio-
sciences, San Jose, CA, USA). Ten thousand events were
acquired for each sample. Absolute subset cell numbers were
determined by multiplying the total cell count by the per-
centage of cells exhibiting the indicate phenotype. Cell
phenotype was identified using conjugated FITC-anti-CD4,
PE-anti-CD62L (Leu8), PerCP-anti-CD3 and FITC-anti-
CD8, PE-anti-CD28 and PerCP-anti-CD3 MoAbs (BD
Biosciences). We acquired CD3* cells first and then obtained
CD4"and CD8" subsets. The gate was then restricted to
analyse CD4 and CDS8 effector positive cells (Fig. 1).

Statistical analysis

Data were analysed by multivariate variance analysis and
expressed as mean * standard error of the mean (s.e.m.).
Proportions and absolute numbers of T cell subsets were
compared using Student’s ¢-tests. Statistical significance was
set at P = 0-05.

Results

Leucocyte counts

Mean total leucocyte counts were within normal ranges
according to the children’s ages. Total leucocyte counts were
829 = 2:3x 10° cells/ml in WN, 10-23 = 3-0 x 10° cells/ml
in WNI children and 10-90 = 5:6x10° cells/ml in
MNI children. Lymphocytes and neutrophils represented
54-9 = 16% and 43-8 * 11%, respectively, of the total leuco-
cyte count in WN children. In WNI, lymphocytes and
neutrophils amounted to 48-0 = 23% and 48:6 * 23%,
respectively, whereas in MNI children those values were
55-1 = 17% and 44-0 = 16%. Mean haemoglobin concen-
tration was 13-0 = 1-2 g/dl in WN children, 12-0 = 0-8 g/dl
in WNI and 9-16 * 1-0 g/dl in MNI children. Five cases of
WNI and seven cases of MNI were found to have anaemia
with haemoglobin values < 10 g/dl. Clinical characteristics at
hospital admission for gastrointestinal infection were asso-
ciated with diarrhoea, dehydration and fever. Respiratory
infection showed coughing, fever and respiratory distress.

Lymphocyte subsets

The proportion of CD3" T cells was significantly lower in
WNI and MNI children than in WN children (P < 0-001,
Table 1). Absolute values of CD3" T cells were lower in the
WNI group when compared to WN and MNI children
(P < 0-05). We observed no significant differences in relative
and absolute numbers of CD4" T cells among the study
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Fig. 1. (a) The lymphocyte gate set in the FL-1-side-scatter distribution (R1) gate was selected to restrict the analysis of CD4 and CD8 positive

cells. (b) CD4 positive effector T cells showing CD62L positive (upper right quadrant) and negative (lower right quadrant) phenotypes. (c) CD 28

positive T cells expressing CD28 antigen (upper right quadrant).

group. Although the WNI children had a significantly higher
mean percentages of CD8" cells than WN (P < 0-05), both
groups had mean absolute numbers of CD8" than were not
significantly different (Table 1).

The percentage of CD4* CD62L" lymphocytes was higher
in WNI than in WN and MNI children (P < 0-01, Table 1).
Absolute numbers were significantly lower in MNI children
compared to WNI children (P <0-04). Significant differ-
ences in relative values of CD8" CD28" cells were observed
among the three study groups (P < 0-05).

The mean values of CD4", CD8", CD4" CD62L (Leu8")
and CD8" CD28" T lymphocytes according to infection type
are shown in Fig. 2. WNI children with respiratory infections
(n=2) presented higher values of CD4* lymphocytes when
compared to children with gastrointestinal infections (1 = 2)
or children with both infections (n =6, P < 0-01). Absolute
numbers of CD4* lymphocytes in the three groups showed
the same pattern change as that observed for relative values;
however, differences were not statistically significant (data
not shown). The mean percentage of CD8" lymphocytes
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Table 1. Percentages and absolute values of peripheral lymphocytes in well-nourished (WN), well-nourished infected (WNI) and malnourished

infected (MNI) children.

WN (n=11) WNI (1= 10) MNI (1 =38)

CD3* 34-6 = 23 20-5 * 2-4° 269 + 2.7
1462 + 217 786 * 217° 1407 * 266

CD3* CD4* 57-3 + 26 54.1 + 2.7 57-3 + 3.0
2597 * 308 2363 *+ 292 2702 *+ 377

CD4* CD62L~ 65+ 1-0° 1111 = 1-0 74+ 1-1°
260 * 73° 489 *+ 65 244 *+ 92°

CD3* CD8* 29-1 + 3.0 38:3 + 3.0 34-3 + 3.9
1509 *+ 278 1697 * 263 1661 * 372

CD8" CD28" 239 = 4.8 402 = 5.0 231+ 6:2°
1145 * 322 1792 =+ 304 1054 + 407

Absolute numbers (10°) are indicated in bold type; “versus WN group: CD3", P < 0-001 for relative and P < 0-05 for absolute values; CD8*, P < 0-05
for relative values; "versus WNI group: CD4* CD62L", P < 001 for relative and P < 0-04 for absolute values; CD8" CD28" P < 0-05 for relative values.

were significantly higher in children with gastrointestinal
infections than by those with respiratory infections
(P <0-05). The absolute number of CD8" cells was signifi-
cantly higher in children with gastrointestinal infection than
in children with respiratory infection or mixed infections
(2785 = 346, 1107 = 346 and 1531 = 200, respectively;
P<002).

We observed no significant differences in the percentage
of CD4" CD62L" cells between the three groups of children.
In contrast to relative numbers, the mean absolute
CD4" CD62L" cells were significantly different between the
study groups (848 * 122, 448 = 70 and 255 = 122, respec-
tively; P <0-03). Children with gastrointestinal infection
showed higher percentage values of CD8" CD28™ T cells than
children with respiratory infection (Fig.2, P <0-05). The
absolute numbers of CD8"CD28 T cells in children
with gastrointestinal infection also showed higher values
compared to respiratory and mixed infection groups
(gastrointestinal infection: 3407 = 322; respiratory infec-
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Fig. 2. Percentages of peripheral blood effectors lymphocytes in
well-nourished infected (WNI) children according to infection type.
Gastrointestinal infection (Gast); mixed infection (Mix); respiratory
infection (Resp). Mean = s.e. *Significant difference in WNI children
with respiratory infection, CD4" (P < 0-01), CD8" (P < 0-05),

CD8* CD28" (P < 0-05).

tion: 672 % 322; both infections: 1430 % 186; P < 0-001).
MNI children showed no statistical differences in relative
and absolute values of lymphocyte subsets when compared
according to infection (gastrointestinal versus respiratory) or
malnourishment type (second- and third-degree).

Discussion

To gain insight into the underlying immunodeficient mecha-
nisms in malnourished infected children, we investigated the
levels of effector T cells in Mexican children with gastrointes-
tinal and respiratory infections. In agreement with our
previous data and those of others, we found a significant
decrease in CD3" cells in WNI and MNI children compared
to WN children [1,2]. In contrast, the CD8" cell subset values
obtained in the present study were higher in WNI children
compared to WN groups, in disagreement with previous
findings and our own data [2,3]. This discrepancy may be
accounted for by differences in the infection type affecting
the WNI group. Although we did not identify the bacteria
involved in gastrointestinal infections, Campylobacter
spp., Salmonella spp., Shigella spp. and Escherichia coli
(enteropathogenic) are typical gastrointestinal pathogens
in Mexican children [12]. The bacteria associated most
frequently with respiratory infections are Streptococcus
pneumoniae, Haemophilus influenzae and Moraxela (Bra-
nhamella) catarrhalis [13,14]. Further studies are warranted
to ascertain whether activation of effector T cell subsets is
associated with specific pathogens causing gastrointestinal
and respiratory infections.

In order to determine possible changes in T cell subsets as
a function of malnutrition and infection, we measured the
percentage of CD4* CD62L" and CD8* CD28" cells in fresh
blood samples of WN, WNI and MNI children. CD62L" and
CD28" subsets possess phenotypical characteristics that have
been associated with cytolytic function and these cells can
secrete cytokines that play an important role in controlling
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infections [15,16]. Elevated percentages of CD4* CD62L"
and CD8* CD28" circulating cells were detected in WNI
children. We have reported previously an increased in vitro
responsiveness to mitogen of lymphocytes isolated from
WNI children [2]. A higher proportion of effector cells in
WNI children than in WN and MNI children suggest that
WNI children have circulating antigen-experienced cells,
whereas MNI children may have an ineffective antigen-
activated T cell system. WNI and MNI had infections disease
associated with several clinical situations that needed hospi-
talization, but the percentage of effector cells in MNI chil-
dren was similar to that observed in WN children (Table 1);
this fact can be interpreted as an ineffective antigen experi-
enced in malnourished children. We have reported lower
levels of CD4* CD45RO* (memory circulating cells) in MNI
children compared to WNI children [5]. Thus, a defective
activation of T cell-mediated immune mechanisms against
invading pathogens may be associated with an increased sus-
ceptibility to infections in MNI children.

To our knowledge, this is the first study reporting changes
in the number and proportions of CD8* CD28 and
CD4" CD62L" cells in malnourished children. Involvement
of effector T cells in infectious diseases is well documented
[17,18]. The CD8" CD28" cell population consists of a subset
of memory T cells whose phenotype and function are highly
suggestive of effector T cells. CD8" CD28" cells produce
cytokines and express high levels of granzyme A and per-
forin [17,19]. They also contain antigen-specific memory
CTL (cytotoxic T lymphocyte) and exert a potent cytolytic
activity without requiring deliberate in vitro activation [20].
CD4* CD62L"" memory/effector T cells are required for the
generation and maintenance of an immune response and
they had been associated with cytolytic activity in virus-
positive patients [18].

Although we found significant differences in the number
of lymphocyte subsets according to infection type in WNI
children, the small sample sizes examined for the gas-
trointestinal and respiratory groups (n = 2) prevent us from
concluding that our findings relate to a larger population of
Mexican children with such infections. Further studies with
larger sample sizes must be performed. WNI children with
gastrointestinal infections also showed higher percentages of
CD8"and CD8*CD28 T cells compared to children with
respiratory infections. It is well known that CD8* T cells play
a crucial role in controlling infections by intracellular patho-
gens [21] and CD8" CD28™ T cells have been largely studied
in viral and intracellular infections [22,23].

A higher number of CD8" CD28™ and CD4" CD62L" cell
subsets were found in children with gastrointestinal infec-
tions than in children with respiratory infections. These data
suggest that gastrointestinal infections may require a more
elaborate immune response that includes several cellular
pathways. Alternatively, an increase in effector lymphocytes
may constitute the normal response to the critical phase of
infection. A time—course analysis of cell types and cytokine

Effector lymphocytes in children

production and release in a larger sample of infected chil-
dren is needed to answer these critical questions. Concerning
children with respiratory infections, we observed higher
levels of CD4" cells compared to children with gastrointesti-
nal infections. CD4* CD62L" cells have been related to T
helper 2 (Th2)-type immune responses and might play an
essential role in basal airway hyperresponsiveness [24].
Moreover, CD4" helper T cells might contribute to the
optimal priming of CD8 T cells in chronically infected hosts
and the phenotypic and functional maturation of CD8 T cell
responses [25]. Changes in lymphocyte subsets associated
with infection type were not found in malnourished
children.

Conclusion

Expression of cell surface molecules regulates effector cell
functions. In the present study, we found infection type-
and malnutrition-related changes in CD4+ CD62L- and
CD8*CD28 T lymphocyte subsets in peripheral blood.
Malnourished children showed impairment in the devel-
opment of effector cell responses. Our data showed an
enhanced production of peripheral blood CD4" CD62L" and
CD8" CD28 T cells in WNI children, which might be an
appropriate host response against pathogenic invasion of
microbes associated with efficient induction mechanisms.
Our data add evidence to demonstrate that the functionality
of lymphocytes is affected by malnutrition, and contribute to
understand more clearly the mechanisms of immunodefi-
ciency observed in malnourished children.
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