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Malnutrition in children is associated with an increased risk of infection and death. Multiple abnormalities
in the immune response, including cytokine production, in protein energy-malnourished children have been
described and could account for the increased severity and frequency of infections. In this study, we used flow
cytometry to investigate the effects of malnutrition on the production of cytokines (interleukin-2 [IL-2], gamma
interferon [IFN-�], IL-4, and IL-10) in CD4� and CD8� cells and the activation capability (as indicated by
CD69� and CD25� cells). CD4� and CD8� cells from malnourished children showed increased production of
IL-4 and IL-10 cytokines and decreased production of IL-2 and IFN-� cytokines compared to that in cells from
well-nourished, uninfected and well-nourished, infected children. In addition, malnourished children showed
impaired activation capability, since the fluorescence intensity of CD69� and CD25� cells was lower than that
in cells from well-nourished, uninfected and well-nourished, infected children. These results indicate that
malnutrition alters the capacity of CD4� and CD8� cells to produce IL-2, IFN-�, IL-4, and IL-10 in response
to stimulus. We concluded that both cytokine production and activation capacity were impaired in malnour-
ished children. This functional impairment may be involved in the failure to develop a specific immune
response and the predisposition to infection in these children.

Malnutrition remains one of the most common causes of
morbidity and mortality among children throughout the world
(1). It is estimated that, in developing countries, more than
one-quarter of all children younger than 5 years of age are
malnourished (37). Malnutrition has been identified as an im-
portant risk factor for predisposition to infections leading to
death (36). The strong association between malnutrition and
infections has been established through epidemiologic studies
conducted in several different countries. The severity of mal-
nutrition determines the risk of death and/or severity of infec-
tions (17).

Multiple abnormalities in the immune response, including
T-cell number, ratio of T-cell subsets, NK cell activity, and
cytokine production, have been described in connection with
protein energy malnutrition. Nevertheless, results of studies
investigating these topics are controversial (13, 23, 29). Several
studies on the effects of malnutrition at the immunological
level have been carried out with humans and experimental
animals. These studies indicate that malnutrition decreases
T-cell function, cytokine production, and the ability of lympho-
cytes to respond appropriately to cytokines (8, 20, 6).

The characterization of T-cell responses as either Th1-type
responses (dominated by the production of gamma interferon
[IFN-�] as associated with cell-mediated immunity) or Th2-
type responses (characterized by production of interleukin-4
[IL-4] and IL-5 and associated with humoral immunity) is
important because it provides a basis for understanding how T
cells contribute to resistance or susceptibility to different in-
fections (15). This characterization is based on the division of
CD4� T lymphocytes into two subsets first established by Mos-
mann et al. (26). Th1 cells produce IL-2, IFN-�, and tumor
necrosis factor alpha and mediate immunity to viral and bac-
terial pathogens, whereas Th2 cells produce IL-4, IL-5, IL-6,
IL-10, and IL-13 and are involved in allergic diseases as well as
in defense against parasitic infections (2). Moreover, Th1 and
Th2 cells amplify and shape the immune responses that medi-
ate protection of the host during infectious disease (16). The
purpose of this study was to assess by flow cytometry the effects
of malnutrition on the production of cytokines (IL-2, IFN-�,
IL-4, and IL-10) in CD4� and CD8� cells and on the ability of
these cells to be activated (as indicated by expression of
CD69� and CD25�).

MATERIALS AND METHODS

Heparinized peripheral blood samples were obtained in the “Hospital General
Gustavo Baz Prada” and “Hospital Infantil Iztapalapa.” The study was approved
by the Medical Ethics Committee of the General Direction of Medical Services.
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Subjects. Group 1, comprising well-nourished, uninfected (WN) children, in-
cluded 11 well-nourished children (eight boys and three girls) with no evidence
of infection whose ages ranged from 18 to 60 months. All had adequate height
and weight according to age (Table 1).

Group 2, comprising well-nourished, infected (WNI) children, included 12
well-nourished children (six girls and six boys) hospitalized because of respira-
tory or gastrointestinal bacterial infections. Their ages ranged from 6 to 48
months, and all had adequate weight/height ratios according to age (Table 1).

Group 3, comprising malnourished, infected (MNI) children, included five
girls and seven boys whose ages ranged from 6 to 60 months. Five children had
second-degree malnutrition (weight/height deficits of �25% and �40% accord-
ing to age). Seven had severe (third-degree) malnutrition, six with marasmus and
one with kwashiorkor. They were hospitalized because of gastrointestinal or
respiratory bacterial infections (Table 1).

In all cases, the severity of malnutrition was assessed according to clinical signs
and symptoms of malnutrition, as well as weight/height deficits determined
according to the established values for Mexican children (30).

Antibodies. The antibodies utilized were peridinin chlorophyll protein
(PerCP)–anti-CD4, PerCP–anti-CD8, fluorescein isothiocyanate (FITC)–anti-
IL-2, FITC–anti-IFN-�, phycoerythrin (PE)–anti-IL-4, allophycocyanin–anti-IL-
10, PE–anti-CD25, and allophycocyanin–anti-CD69 (Becton Dickinson Immu-
nocytometry Systems, San José, CA).

Cell preparation and in vitro culture. Whole blood was prepared for cytokine
stimulation as described previously (19). Cells were cultured for 5 h at 37°C and
5% CO2 in RPMI 1640 medium without L-glutamine and fetal bovine serum.
Cells were stimulated with phorbol 12-myristate 13-acetate (25 ng/ml; Sigma
Chemical Company, St. Louis, Mo.) and ionomycin (1 �g/ml; Sigma) in the
presence of brefeldin A (10 �g/ml; Sigma). Activated cultures were aliquoted for
staining.

Stain of cell surface antigens. Specific staining of the respective cell surface
molecules was performed with anti-human CD4-PerCP or anti-human CD8-
PerCP. One hundred microliters of cell suspension was incubated with 10 �l of
a fluorescence-conjugated antibody for 30 min at room temperature. As controls,
FITC- and PE-labeled nonspecific mouse immunoglobulin G1 antibodies were
used to establish background fluorescence. After incubation, cells were washed
with 1% bovine serum albumin prepared in phosphate-buffered saline.

Detection of intracellular cytokines. After cell surface antigen staining, fluo-
rescence-activated cell sorter lysing solution was added to each tube. After
further incubation, samples were centrifuged and treated with fluorescence-
activated cell sorter permeabilizing solution (Becton Dickinson) for 10 min at
room temperature. Samples were washed with 1% bovine serum albumin in
phosphate-buffered saline and incubated with fluorescence-labeled anti-cytokine
antibodies for 30 min. After incubation, cells were washed and, finally, were fixed
in 1% paraformaldehyde prior to analysis.

Flow cytometry. After fixation, four-color cytometry was done using a FACS-
Calibur flow cytometer. A minimum of 10,000 cell-gate events were acquired and
analyzed with CELL Quest (Becton Dickinson) software.

Statistical analysis. Results are expressed as arithmetic means � standard
errors. Differences between groups were analyzed using the Mann-Whitney U
test for unpaired samples. Differences with P values of �0.05 were considered
significant.

RESULTS

The percentages of CD4� and CD8� cells marking positive
for IL-2, IFN-�, IL-4, and IL-10 are shown in Fig. 1. The

percentage of CD4� IL-2-positive cells in malnourished chil-
dren (7.14% � 0.74%) was significantly diminished compared
to those in WN (24.15% � 3.33%) and WNI (29.07% �
4.55%) children (Fig. 1a) (P � 0.005).

Figure 1b shows that the percentages of IFN-�-positive cells
were significantly higher in the WNI (30.99% � 5.62%) and
WN (23.53% � 3.48%) groups than in MNI children (7.18% �
1.32%; P � 0.005).

The MNI children showed a decreased percentage (15.44%
� 2.05%) of IL-4-positive cells compared to WN (14.77% �
2.68%) and WNI (18.85% � 3.60%) children. The percentages
of CD4� IL-4-positive cells showed no statistical differences
among groups (Fig. 1c). In contrast, the percentage of IL-10-
positive cells was significantly higher in the MNI group
(21.12% � 5.59%) than in the WN (4.89% � 1.54%) and WNI
(5.09% � 1.53%) groups (Fig. 1d) (P � 0.005).

Decreased production of type 1 cytokines was observed in
CD8� cells from malnourished children (IL-2-positive cells,
5.38% � 0.81%, and IFN-�-positive cells, 6.78% � 2.32%; P �
0.05) compared with that in cells from well-nourished, unin-
fected (11.75% � 2.16% and 29.68% � 4.42%, respectively)
and well-nourished, infected (14.78% � 2.02% and 23.10% �
2.92%, respectively) children (Fig. 1e and f).

Even though the percentage of CD8� IL-4-producing cells
tended to be greater in malnourished children than in WN and
WNI children (11.85% � 3.61%, 10.04% � 2.43%, and 9.17%
� 2.21%, respectively), the difference was not statistically sig-
nificant (Fig. 1g). In contrast, the percentage of CD8� IL-10-
positive cells was significantly higher in MNI children (8.97%
� 1.95%) than in WN (2.64% � 0.81%; P � 0.005) and WNI
(5.14% � 1.15%; P � 0.05) children, as shown in Fig. 1h.

In the malnourished group, the number of IL-4-expressing
cells markedly exceeded the number of IFN-�-expressing cells.
The production of the type 1 cytokine IFN-� in malnourished
children was depressed in comparison with that in well-nour-
ished, uninfected and well-nourished, infected children. These
data indicate an alteration in the balance of type 1/type 2
cytokine responses related to malnutrition.

The level of expression, indicated by the fluorescence inten-
sity (FI), of activation markers CD69 and CD25 was analyzed.
FIs of CD25� cells were similar in WN and WNI children. The
FIs of CD4� CD25� cells and CD8� CD25� cells were signif-
icantly higher in both WN and WNI groups than in MNI
children (Fig. 2a) (P of �0.01 and �0.05, respectively).

When FIs of CD69� cells were compared, they were clearly
higher in both WN and WNI groups. Additionally, it was clear

TABLE 1. Clinical characteristics and nutritional status of WN, WNI, and MNI children

Study group
(n)

Mean age in mos
(range)

Mean weight in kg
(range)

Mean height in cm
(range)

Mean weight
deficit (%) Type of infection (n)

WN (11) 40.6 (18–60) 15.1 (9.5–21) 93.1 (72–108) �10 Not infected
WNI (12) 21.5 (6–48) 11.7 (7.3–18.5) 85.4 (67–109) �10 Respiratory (11)

Sepsis (1)
MNIb (12) 23.7 (6–60) 7.6 (4.1–13.6) 79.7 (62–111) 25.2–55.0 Gastrointestinal (4)

Respiratory (7)
Urinary (1)
Mixeda (1)

a Gastrointestinal and respiratory infections.
b Included second-degree malnourished (5), marasmic (6), and kwashiorkor (1) children.
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FIG. 1. Effect of malnutrition on percentages of cytokine-positive cells. The percentages of IL-2-, IFN-�-, IL-4-, and IL-10-producing CD4�

cells from WN (n � 11), WNI (n � 12), and malnourished, infected (MN; n � 12) children are shown on the left. The percentages of IL-2-, IFN-�-,
IL-4-, and IL-10-producing CD8� cells from the same groups are shown on the right. Data are based upon flow cytometric analysis of 10,000 events
and are means � standard errors. a, P � 0.005 (MN versus WN and WNI groups); b, P � 0.005 (MN versus WN and WNI groups); d, P � 0.005
(MN versus WN group) and P � 0.05 (MN versus WNI group); e, P � 0.05 (MN versus WN group) and P � 0.005 (MN versus WNI group); f,
P � 0.005 (MN versus WN group) and P � 0.01 (MN versus WNI group); h, P � 0.005 (MN versus WN group) and P � 0.05 (MN versus WNI
group).
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that the malnourished children showed an impaired activation
response. FIs for CD4� activated cells and CD8� activated
cells were significantly lower for the MNI group (Fig. 2b) (P �
0.001).

DISCUSSION

Malnutrition in children is associated with increased risk of
infection and death. Multiple abnormalities in the immune
response in malnourished children have been described and
could account for increased severity and frequency of infec-
tions. The generation of protective T-cell responses against

infectious agents is a complex process in which cytokines and
costimulatory molecules provide signals that direct the devel-
opment of adaptive immunity (15). In this study, the produc-
tion of type 1 cytokines (IL-2 and IFN-�) and type 2 cytokines
(IL-4 and IL-10) in CD4� and CD8� cells was evaluated to
determine whether the impaired immunological responses ob-
served during malnutrition were associated with alterations in
cytokine production.

We analyzed three groups of children: well-nourished, un-
infected (WN), well-nourished, infected (WNI), and malnour-
ished, infected (MNI) children, in order to identify possible
infection-related and malnutrition-related alterations. In gen-

FIG. 2. Expression of activation antigens CD25 (a) and CD69 (b) by CD4� and CD8� cells from activated peripheral blood cells. Cells were
activated with phorbol 12-myristate 13-acetate–ionomycin for 5 h at 37°C. Cells were stained and analyzed as described in Materials and Methods.
Data are based upon flow cytometric analysis of 10,000 events and are means � standard errors. Results are expressed as FI. (a) CD4, P � 0.01
(MN versus WN and WNI groups; CD8), P � 0.001 (MN versus WN and WNI groups). (b) CD4, P � 0.001 (MN versus WNI group) and P �
0.05 (WNI versus WN group); CD8, P � 0.001 (MN versus WN and WNI groups).
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eral, malnourished children had severe infections; therefore,
the inclusion of a group of well-nourished, infected children
also hospitalized with severe infections was considered impor-
tant. This group may indicate changes in cytokine expression
and activation related to infections. However, the comparison
between WNI and MNI groups revealed differences that may
be related to malnutrition.

Peripheral blood CD4� and CD8� cells from malnourished
children showed reduced production of type 1 cytokines (IL-2
and IFN-�) compared with that in cells from well-nourished,
uninfected and well-nourished, infected children. In contrast,
an increase in the production of type 2 cytokines (IL-4 and
IL-10) was found. The decreases in IL-2 and IFN-� production
observed in malnourished children are in agreement with re-
sults of previous studies (6, 24).

Previously, alterations in the capacity to produce some cy-
tokines in malnourished children have been reported. Gonzá-
lez et al. (10) observed that lymphocytes were unable to secrete
normal quantities of cytokines or to achieve adequate immu-
nological function and proposed that the altered physiology of
lymphocytes may be related mainly to the impairment of the
immunological response observed in malnourished children.

Previous findings indicate that in CD8� T cells, diminished
IL-2 production induces anergy (i.e., failure to proliferate to
antigen) that inhibits autocrine IL-2 production (21). In our
laboratory, it has been demonstrated that malnourished chil-
dren show a lower proportion of memory cells (CD45RO�)
than well-nourished children (27). A previous study showed
that the reduced proportion of IL-2-producing cells is predom-
inantly associated with a decreased proportion of IL-2-produc-
ing CD45RO� cells (4). Therefore, the reduction in IL-2-
expressing cells in malnourished children may be due to the
reduced number of CD45RO� cells and/or to the reduced
capacity of CD45RO� cells to produce cytokines.

The data obtained in the present study showed a significant
decrease in IL-2 production by CD4� and CD8� cells from
malnourished children, and this may be an important factor
related to the increased susceptibility to infections observed in
malnourished children. Additionally, results obtained in the
present study showed a significant decrease in IFN-� produc-
tion by CD4� and CD8� cells. IFN-� is a key cytokine in the
development of type 1 immune responses, which are required
for the elimination of pathogens (38). Also, IFN-� induces
differentiation and activation of monocytes/macrophages and
enhances their microbicidal effector functions (5). Moreover,
IL-2 stimulates IFN-� production (24), and therefore reduced
IL-2 expression further inhibits IFN-� synthesis. The de-
creased IFN-� production may be also related to the impaired
cell-mediated immunity shown in children with malnutrition.

Data revealed that the mean percentages of CD4� and
CD8� IL-4-expressing cells in malnourished children were in-
creased in relation to those in well-nourished children. A pre-
vious study showed that when CD8� T cells are activated in the
presence of IL-4 they lose their cytotoxic functions. Frequent
and/or prolonged production of IL-4 could contribute to the
elevated serum immunoglobulin levels reported in undernour-
ished children (31). The higher IL-4 production observed in
this study may contribute to the decreased immune responses
shown in malnourished children.

An important increase in the percentages of CD4� and

CD8� IL-10-expressing cells was evident in malnourished chil-
dren. Type 2 cytokine IL-10 is widely regarded as a suppressor
factor for type 1 responses (32, 25).

Induction of higher levels of IL-10, and a reciprocal inhibi-
tion of IL-2 production by innate cells, has been reported in
connection with a large number of pathogens (22). Moreover,
IL-10 has a direct effect on CD4� T cells, the suppression of
IL-2, and IFN-� secretion (9, 33).

In addition, it has been reported that IL-10 can decrease the
cytotoxic functions of CD8� T cells when it is added before or
at the time of activation (12). Similar results were obtained for
CD4� T cells (11). IL-10 is a suppressive cytokine that may
contribute to the decreased production of IL-2 and IFN-�
observed in this study. Therefore, IL-10 may be an important
immunosuppressive factor related to the impaired immune
response observed in malnourished children.

CD69 and CD25 antigen expression. In the present study, we
demonstrated that the activation capability of cells from mal-
nourished children is decreased. The cells from MNI children
showed a reduced level of expression of activation markers,
both CD69, an early activation marker (18), and CD25, which
is expressed later in response to stimuli (3).

Other authors have previously described a decreased re-
sponse to mitogens in T cells from malnourished children (35,
6, 14), and interestingly, activation and proliferation of T cells
in the presence of IL-10 can induce unresponsiveness/anergy
(7, 11, 34). These results agree with the data observed here. In
a previous study, it was found that the activation capability of
T-lymphocyte subsets (CD4� CD69�and CD8� CD69�) is
considerably decreased in malnourished children. These re-
sults suggest that the peripheral blood lymphocytes from mal-
nourished children are unable to start their activation process,
and this finding might help to explain some of the T-cell im-
munoregulatory abnormalities observed in these children (28).

No differences were observed according to the degree of
malnutrition and type of infection. Further studies including a
greater number of patients will be necessary to address the
relationship between these factors.

In conclusion, the results obtained in this study show that
malnutrition severely impairs IL-2 and IFN-� production. In
contrast, data show an increase of IL-4 and IL-10 production
by CD4� and CD8� cells in malnourished children. These
findings show that malnutrition alters the balance of type 1 and
type 2 responses. In addition, the activation capability of CD4�

and CD8� cells is considerably decreased. These alterations
may contribute to the reduced immunological capacity and to
the increased sensitivity to infection associated with malnutri-
tion.
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