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ABSTRACT

Infections in infants and children under five
years of age are a public health in México and
are one of the major causes of death. Methods In
this study, lymphocyte immunophenotyping for
CD3+ (T-cells), CD3+CD4+, CD3+CD8+,
CD3+CD19+, CD3+CD16/56+, CD45RA+,
CD45R0+, CD62L- and CD28- were determined
in the whole blood of gastrointestinal and respi-
ratory bacterial infected children, using a four-
color flow cytometry technique. Results: Our
data showed that the percentages and the ab-
solute numbers of monocytes and granulocytes
are increased in infected children, when com-
pared to the control group. Similarly, we ob-
served increases in the percentages of B lym-
phocytes, CD8+ cells, memory T cells
(CD4+CD45R0O+ and CD8+CD45R0+) and effec-
tor lymphocytes (CD4+CD62L- and CD8+CD28-)
in infected children compared with the control
group. In contrast, naive T cells were decreased
in the bacterial infected children relative to the
control group. Additionally, we used ELISA as-
says to identify the pathogen agent in gastroin-
testinal and respiratory infection. Comparing
different types of infection, we found that the
children with respiratory bacterial infections had
higher percentages of B lymphocytes, and cy-
totoxic lymphocytes (CD8+CD28-); and the chil-
dren with gastrointestinal infections had higher
percent- ages of CD3+ lymphocytes and effector
cells (CD4+CD62L-). Conclusions The increase

Copyright © 2012 SciRes.

in B lymphocytes and CD8+CD28- cells in the
children with respiratory infections and the in-
crease of T lymphocytes and CD4+CD62L~- cells
in the children with gastrointestinal bacterial in-
fections indicate that both cellular and humoral
responses coincide, and both responses are ne-
cessary for eliminating the pathogen.

Keywords: Memory Cells; Effector Cells; Bacterial
Infection; Immune Response

1. INTRODUCTION

Gastrointestinal and respiratory infections are a public
health problem in Mexico because of their high inciden-
ce rates and high morbidity and mortality in infants and
children under five years of age [1].

Bacterial infections are common, and the resolution of
these infections requires the activation of the innate and
adaptive immune systems [2]. The adaptive immune sys-
tem is composed of multiple, functionally distinct cell
types, including CD3+CD4+CD8- and CD3+CD4—CD8+
lymphocytes [3]. The cellular subpopulations express the
common lymphocyte antigen CD45 on their cell surface.
The CD45 antigen is a membrane glycoprotein with two
isoforms, CD45RA and CD45RO. CD45RA is expressed
in naive cells that have not encountered an infectious
agent, whereas CD45RO is expressed in memory cells
that have previously responded to an infectious agent [4,
51

T lymphocytes also express phenotypic markers that
are related to their effector functions, such as the surface
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markers CD28 and CD62L (L-selectin). The loss of these
markers denotes the differentiation process into CD28-
and CD62L— cells. CD28— cells exhibit cytotoxic func-
tions and produce cytokines (IFN-y and TNFa) [6,7].
CD62L— cells are effector memory cells that migrate
towards sites of inflammation and are rapidly stimulated
by pathogens to execute effector functions, including the
production of cytokines, such as IFN-y, IL-4 and IL-5.
CD62L— cells are particularly abundant in the lung, liver
and intestine [8-10].

CD62L is expressed on lymphocytes and is involved
in regulating cellular trafficking by binding to its ligands
on the vascular endothelium [8-10]. CD28 is a costimu-
latory molecule that binds to its ligand, CD86, on anti-
gen-presenting cells (APCs) and provides the second
signal required for T cell activation [11]. The enumera-
tion of lymphocyte subsets provides important informa-
tion for the diagnosis and monitoring of a variety of con-
ditions affecting the immune system.

In this study, we evaluated the changes in leukocyte,
naive and memory (CD45RA+ and CD45RO+, respec-
tively) and effector (CD4+CD62L— and CD8+CD28-)
cell populations due to serious respiratory or gastrointes-
tinal bacterial infection.

2. MATERIALS AND METHODS
2.1. Patients and Blood Samples

Peripheral blood samples were obtained from pediatric
patients at the Xochimilco Maternal-Pediatric Govern-
ment Hospital of Mexico City. The samples were col-
lected from 30 uninfected children and 30 children with
serious bacterial infection that required hospitalization.
The exclusion criteria for all children were: viral diseases,
tuberculosis, congenital diseases, autoimmune and heart
diseases, birth complications, preterm births and recent
blood transfusions. The bacterial infections were diag-
nosed rigorously based on clinical data and routine labo-
ratory tests. In the infected group comprising 12 girls and
18 boys, 9 children presented with gastrointestinal bacte-
rial infections and 21 presented with respiratory bacterial
infections. The ages of the children ranged from 6 months
to 5 years, and the weights and heights of the children
were within the normal range for their age based on the
values established for Mexican children [12]. In the un-
infected group of children, there were 9 girls and 21
boys.

The uninfected children had sought medical attention
for outpatient surgeries for the treatment of phimosis in
the boys and hernias in the girls. The children with bac-
terial infection of the respiratory tract presented with
fever, cough and varying degrees of respiratory failure.
The children with bacterial infection of the gastrointesti-
nal tract presented with diarrhea, fever and different de-
grees of dehydration.
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The Medical Committee on Ethics of the General Di-
rection of Medical Services of the GDF, Mexico City,
approved this study.

2.2. Phenotypic Staining of Cells from
Whole Blood

The blood samples were collected in tubes (Becton
Dickinson Vacutainer Systems, Franklin Lakes, N.J.)
with anti-coagulant EDTA and processed the same day.
The following combinations of conjugated antibodies
were used in this study: FITC-anti-CD45/PE-anti-CD14;
FITC-anti-CD3/PE-anti-CD16+anti-CD56/PerCP-anti-C
D19;
FITC-anti-CD45RA/PE-anti-CD45RO/PerCP-anti-CD3/
APC-anti-CD4;
FITC-anti-CD45RA/PerCP-anti-CD45RO/PE-anti-CD3/
APC-anti-CDS;
FITC-anti-CD4/PE-anti-CD62L/PerCP-anti-CD3; and
FITC-anti-CD8/PE-anti-CD28/PerCP-anti-CD3
(Becton Dickinson, San Jose, CA). Each antibody com-
bination (20 pl) was incubated with 100 pl of whole
blood for 20 minutes in the dark at room temperature.
After incubation, a lysis solution was added to each tube
to eliminate the erythrocytes, and the cells were washed
with PBS. The cells were fixed using 1% paraformalde-
hyde.

2.3. Flow Cytometry Analysis

The data were obtained and analyzed using the Cell-
Quest II software and a FACSCalibur flow cytometer
(BD Immunocytometry Systems, San Jose, CA) cali-
brated using CaliBRITE beads. For each sample, 10,000
cells were analyzed. The assessment of the leukocyte
proportions and different lymphocyte subpopulations was
performed based on forward-scatter and FL-1-, FL-3- and
FL-4-scatter fluorescence parameters, de- pending on the
specific subpopulation. The data were analyzed using
dual fluorescence dot plots (FL-1 vs. FL-2) (Figure 1).
The absolute numbers of cells in the different popula-
tions were calculated by multiplying the percentage of
the selected subpopulation/100 by the total lymphocyte
count of the hematic biometry/100 by the leukocyte
number of the hematic biometry.

2.4. Determination of the Presence of
Antibodies against Infectious Agents by
ELISA

Using plasma from the pediatric patients, we deter-
mined the presence of antibodies against five infectious
agents by enzyme-linked immunosorbent assay (ELISA).
This method is sensitive, extremely versatile and easy to
handle in research and diagnostic laboratories. The sam-
ples from the patients with gastrointestinal infections
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Figure 1. (a) and (b) The lymphocyte gate set in the
FL-1-SSC, FL-3 or FL-4-SSC distribution (R1), the gates
were selected to restrict the an alysis of CD3+, CD4+ and
CD8+ positive cells. ¢) Dot plot FL-1-FL-2 distribution to
define native (CD45RA+), memory (CD45RO+) and
Ddull (CD45RA+CD45RO+) cells. (d) and (e) Dot plot
FL-1-FL-2 distribution, showed CD4+CD62L— and
CD8+CD28— effector cells in lower right quadrant.

were tested to determine the presence of antibodies
against antigens in the outer membrane proteins of the
Escherichia coli strains EHEC (enterohemorrhagic E.
coli) and EPEC (enteropathogenic E. coli) and Salmo-
nella typhi. The samples from the patients with respire-
tory infections were tested to determine the presence of
antibodies against Staphylococcus aureus and Klebsiella
pneumoniae.

2.5. Statistical Analysis

The mean percentages, mean absolute numbers and
standard errors were determined for each group and each
cell population using the JMP software, and the statistical
significance between groups was determined using the
Student’s t-test. A p value of 0.05 or less was considered
significant. To determine the bacterial antigens, a cutoff
was established based on a method described by Kurstak
[13] in which the mean and standard deviation of both
subsets (infected and uninfected children) were used to
establish a range of minimum and maximum values for
uninfected children. The patients above the maximum
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value of the range were considered positive for the
ELISA test.

3. RESULTS
3.1. Lymphocyte Subpopulations

The flow cytometry analysis of the different types of
leukocytes demonstrated that the average percentage of
total lymphocytes in the peripheral blood was lower in
the bacteria-infected children than in the uninfected chil-
dren (43.1% =+ 3.3% vs. 57.5% =+ 3.6%, p < 0.006). In
contrast, the percentage of granulocytes (47.1% =+ 3.2%
vs. 35.4% + 3.6%, p < 0.02) and monocytes (9.4% =+
1.3% vs. 4.0% + 1.4%, p < 0.008) was significantly
higher in the bacteria-infected children compared with
the uninfected children. A significant difference was also
observed between the uninfected and bacteria-infected
children in the absolute numbers of lymphocytes, granu-
locytes and monocytes in the peripheral blood (p < 0.05);
fewer lymphoid cells but more granulocytes and mono-
cytes were observed in the bacteria-infected patients
compared with the uninfected patients (Table 1).

Table 1. Percentages and absolute numbers of peripheral blood
leukocytes, lymphocytes subsets, helper lymphocytes
(CD4+CD62L—-) and cytotoxic cells (CD8+CD28L—) in un-
infected and infected children.

Uninfected Infected

Cell type children children p<0.05
Lvmohocytes 57.5+£3.6 43.1+33" 0.006
ymphocy 251242015 1924 + 460" 0.05
Granulocyt 35.4+3.6 47.1+3.2" 0.02
anulocytes 1520+ 111 2022 +241° 0.05
M . 40+1.4 94+13" 0.008
onocytes 154 £ 16 362 + 33" 0.05
T Lymphocytes 539+25 523+28
(CD3+) 2674246 2594 %422
B Lymphocytes 16.6 2.7 242+22 0.03
(CD19+) 699 + 135 1019 £ 129" 0.05
NK 11.6+1.9 12115
(CD16+CD56+) 487 £ 191 606 + 185
56.6+ 6.1 54.0 = 6.7
CD3+ 2093261 2856+ 558
245+5 35.7+55" 0.02
CD3+CD62L 2259+ 154 3292+267 0.01
33.3+3.0 214+3.1
CDa+ 1416 + 152 910 + 254
113+33 23.8+35" 0.01
CD4CDO2L~  4e01 205 1023 +294° 0.02
24.0+43 289+52
CD3+CD28 1124174 1354+ 327
19.6+2.2 21.0£22
CD8+ 952 + 105 1020 = 164
20.0 +3.1 302+2.1° 0.02
CD8+CD28~ 854 + 04 1284 + 165° 0.04

Absolute numbers (10%/L) are indicated in bold type. Dates are expressed as
mean + standard error. n : 30 uninfected children and 30 infected children.
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Statistically significant differences were not observed
between the study groups in either the percentage or the
absolute numbers of T lymphocytes (CD3+) or NK cells
(CD16+CD56+). A higher percentage of B lymphocytes
(CD19+) was observed in the infected children compared
with the uninfected children (24.2% + 2.2% vs. 16.6% =+
2.7%, p < 0.03), and a similar trend was observed for the
absolute number of B lymphocytes (p < 0.05) (Table 1).

3.2. Effector Cells

In the bacteria-infected children, we observed a higher
percentage of CD3+CD62L— effector cells in the total
lymphocyte population compared with the uninfected
children (35.7% + 5.5% vs. 24.5% + 3.6%, p < 0.02).
Higher percentages of helper cells and cytotoxic cells
were also observed in the infected children compared
with the uninfected children; increases were observed in
both the CD4+CD62L— (23.8% + 3.5% vs. 11.3% +
3.3%, p <0.01) and CD8+CD28- subsets (30.2% =+ 3.1%
vs. 20.0% = 3.1%, p < 0.02). With respect to the latter
two subsets, the differences in the absolute cell numbers
between the infected and uninfected children demon-
strated similar trends as the cell percentages and were
statistically significant (p < 0.02 and p < 0.04, respec-
tively) (Table 1).

3.3. Memory Cells

The percentage of CD3+ T lymphocytes was lower in
the bacteria-infected children than in the uninfected chil-
dren (49.1% = 4.5% vs. 70.1% + 4.5%, p < 0.001), and a
simi- lar trend was observed for the absolute numbers of
CD3+ T lymphocytes (p < 0.0001). Statistically signifi-
cant differences in the percentage and absolute numbers
of naive T cells (CD3+CD45RA+) were not observed be-
tween the bacteria-infected and uninfected groups. In
contrast, a higher percentage of memory T cells
(CD3+CD45R0O+) was observed in the bacteria-infected
children compared with the control group (25.4% = 1.9%
vs. 17.1% £ 1.9%, p < 0.0001), and the absolute number
of cells was higher (p < 0.01). There were significantly
lower percentages of naive cells in the infected children
compared with the uninfected children (53.6% =+ 2.5% vs.
69.9% + 2.4% for the CD4+CD45RA+ cells, p < 0.0001,
and 54% + 3.1% vs. 73.6% + 3.0% for the CD8+CD45RA+
cells, p < 0.001). A similar trend was observed for the
absolute numbers of these two subpopulations, and the
differences between the bacteria-infected and uninfected
children were statistically significant (p < 0.007 and p <
0.01, respectively) (Table 2).

A higher percentage of CD8+ T lymphocytes was ob-
served in the peripheral blood of the bacteria-infected

Table 2. Percentages and absolute numbers of peripheral blood naive (CD45RA+), memory (CD45R0O+) and Ddull lymphocyte sub-

sets (CD45RA+CD45RO+) in uninfected and infected children.

Cell type Uninfected children Infected children P<0.05
CD3+ 70.1 £ 4.5 2995 + 364 49.1 +£4.5" 2098 + 625" 0.001 0.05
CD3+CD45RA+ 68.0 2.6 3056 + 235 63.1£2.6 2791 + 466
CD3+CD45RO+ 17.1+£1.9 685+ 118 25.4+1.9"1023 +153" 0.0001 0.01
CD3+CD45RA+CD45RO+ 109+£1.2447+42 10.6 + 1.2 435+ 90
CD4+ 43.4+2.81921+176 38.5+£2.9 1704 + 318
CD4+CD45RA+ 69.9+1.9 3317 +335 53.6+3.2° 2543 + 560" 0.0001 0.007
CD4+CD45RO+ 16.7+ 1.8 726 + 81 355+ 1.9"1543 £ 167 0.0001 0.002
CD4+CD45RA+CD45RO+ 82+0.7321+32 11.0£0.7° 423 £ 62" 0.01 0.01
CD8+ 20.1+2.0 982+ 114 31.9+2.17 1566 + 214 0.006 0.05
CD8+CD45RA+ 73.6 + 3.0 2327 + 250 543+£3.171715 + 4417 0.001 0.01
CD8+CD45RO+ 11.3£2.0 495 + 162 34.0+2.171070 + 180" 0.0001 0.04
CD8+CD45RA+CD45RO+ 10.8+1.4249 +53 113 +1.5 260 + 98

Copyright © 2012 SciRes.

Absolute numbers (10%L) are indicated in bold type. Dates are expressed as mean = standard error. n: 30 uninfected children and 30 infected children.
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children compared with the uninfected children (31.9% =+
2.1% vs. 20.1% £ 2.0%, p < 0.003), and the absolute
numbers of CD8+ T lymphocytes demonstrated a similar
trend (p < 0.05). The percentages of CD4+CD45RO+
and CD8+CD45RO+ memory cells were also higher in
the infected children compared with the uninfected chil-
dren (35.5% =+ 1.9% vs. 16.7% + 1.8% for the

CD4+CD45RO+ cells, p < 0.0001, and 34.0% + 2.1% vs.

11.3% =+ 2.0% for the CD8+CD45RO+ cells, p < 0.0001).

The absolute numbers of these two subsets of cells dem-
onstrated a similar trend in the infected and uninfected
children and were significantly different (p < 0.002 and p <
0.05, respectively). In addition, the percentage of double-
positive cells (CD4+CD45RA+CD45R0O+) was higher in
the bacteria-infected children than in the uninfected chil-
dren (11.0% + 0.7% vs. 8% + 0.7%, p < 0.01), and the
absolute number of these cells showed a similar trend (p <
0.01) (Table 2).

3.4. Analysis of Children with
Gastrointestinal Infection vs. Children
with Respiratory Infection

Comparisons between the children with bacterial in-
fections of the gastrointestinal tract and of the respiratory
tract did not demonstrate statistically significant differ-
ences in the proportions of the different leukocyte cell
types. We observed a higher mean percentage of B lym-
phocytes in the children with respiratory infections (28.3%
+ 2.4%) compared with the children with gastrointestinal
infections (14.9% + 3.6%) (p < 0.0001). In contrast, a
higher percentage of T lymphocytes was observed in the
children with gastrointestinal bacterial infections com-
pared with the children with respiratory bacterial infec-
tions (62.8% =+ 5.4% vs. 49.8% + 3.4%, p < 0.05).

Additionally, the children with gastrointestinal bacte-
rial infections showed higher percentages of CD4+CD62L—
cells compared with the children with respiratory bacte
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Figure 2. Percentages of peripheral blood effectors lympho-
cytes according to infection type. Dates are expressed as mean

+ standard error. n: 30 uninfected. n: 9 gastrointestinal infection.

n: 21 respiratory infection. "Significant difference between
gastrointestinal and respiratory infection: CD3+ p < 0.0008;
CD4+CD62L— p < 0.0002; CD8+CD28— p < 0.04.
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rial infections (34.6% =+ 6.8% vs. 20.3% + 3.1%, p <
0.002). In contrast, the children with respiretory bacterial
infections exhibited a higher percentage of CD8+CD28—
cells compared with the children with gastrointestinal
bacterial infections (33.6% + 3% vs. 23% + 5.4%, p <
0.04) (Figure 2). When we compared the subpopulations
of naive and memory T lymphocytes, we found that the
children with respiratory bacterial infections demon-
strated a higher percentage of double-positive
CD4+CD45RA+CD45RO+ lymphocytes than the chil-
dren with gastrointestinal bacterial infections (12.7% =+
0.9% vs. 8.7% £ 1.0%, p < 0.001). The percentage of
CD4+CD45RA+ cells was lower in the children with
respiratory bacterial infections than in the children with
gastrointestinal infections (48.5% + 4.2% vs. 59.0% =+
3.9%, p <0.001) (Figure 3).

The ELISA analysis to detect antibodies against spe-
cific pathogens demonstrated that 5 of the 9 patients with
symptoms of a gastrointestinal infection were positive
for E. coli antigens. Of these 5 patients, 3 were positive
for the E. coli enterohemorrhagic antigen (EHEC 0157:
H7) (0.453 £ 0.139 vs. 0.052 £ 0.300 g/dl, p < 0.05), and
2 were positive for the EPEC antigens (0.400 £ 0.111 vs.
0.286 + 0.05 g/dl, p < 0.05) compared with the individu-
als who did not exhibit symptoms of infection. None of
the 9 patients with gastrointestinal infections was posi-
tive for antibodies against the Salmonella typhi outer
membrane proteins.

The results of the ELISA demonstrated that of the 21
patients exhibiting symptoms of a respiratory infection,
14 were positive for Staphylococcus aureus antigens
(0.969 + 0.228 vs. 0.510 + 0.05 g/dl, p < 0.05) and 4
were positive for Klebsiella antigens (0.632 + 0.249 vs.
0.310 £ 0.05 g/dl, p < 0.05) compared with uninfected
patients. Only 3 patients were negative for the bacterial
antigens analyzed in this study.
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Figure 3. Percentages of peripheral blood naive (CD45RA+),
memory (CD45RO+) and Ddull (CD45RA+CD45RO+) lym-
phocytes subset according to infection type. Dates are expres-
sed as mean =+ standard error. n: 30 uninfected; n: 9 gastro-in-
testinal infection; n: 21 respiratory infection. "Significant dif-
ference between gastrointestinal and respiratory infection:
CD4+CD45RA+ p < 0.001; CD4+CD45RA+RO+ p < 0.001.
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We did not observe differences in the proportion of
leukocytes, memory cells and effectors cells associated
with the type of infectious agent.

4. DISCUSSION

Respiratory and gastrointestinal bacterial infections
are public health problems that affect children under five
years of age in developing countries. Thus, the goal of
our study was to evaluate the changes in the proportions
of leukocytes, effector cells and naive and memory cells
caused by the common pathogens responsible for severe
respiratory and gastrointestinal bacterial infections in
Mexican children.

This study is important because bacterial infections
were considered as disease entities. Indeed, a number of
papers have evaluated the immunological response against
specific bacterial agents, such as E. coli and Coxiella
burnetii [14,15]. In the current study, we detected E. coli
in a number of patients with gastrointestinal infections,
and Staphylococcus aureus and Klebsiella were found in
patients with respiratory infections. The latter pathogens
have not been widely studied.

We observed higher percentages and absolute numbers
of granulocytes, monocytes and B lymphocytes in the
peripheral blood from the bacteria-infected children com-
pared with the uninfected children. This finding suggests
that these cells were proliferating at the time of the sam-
ple collection. Granulocytes and monocytes participate in
the innate immune response, a critical component of the
response early in infection, and act as phagocytic cells
and mediators of the inflammatory response [2,16]. In
contrast, B lymphocytes, which are part of the adaptive
immune system, produce antibodies and under certain
circumstances, act as APCs [17]. In addition, because
they produce large amounts of secretory IgA, B lym-
phocytes play an important role in intestinal mucosal
immunity [18]. In patients infected with encapsulated
bacteria, such as Haemophilus influenzae and Strepto-
coccus pneumoniae, it has been observed that the abso-
lute numbers of peripheral B lymphocytes are increased;
the bacterial capsule is a potent immunogenic component
that stimulates the synthesis of IgM and other Ig isotypes
in B lymphocytes [19].

The percentages and absolute numbers of cells with
effector functions (CD3+CD62L—, CD3+CD28—,
CD4+CD62L— and CD8+CD28—) were higher in the
bacteria-infected children compared with the uninfected
children. Effector cells play an important role in control-
ling infections because they produce many proteins that
eliminate pathogens. The functional cytotoxic T lym-
phocytes (CTLs) produce cytokines and granzymes that

kill pathogen-infected cells and control the infection [20].

However, these effector T cells have a short lifespan and
die following infection, whereas a smaller subset of cells

Copyright © 2012 SciRes.

differentiates into memory cells [21,22].

An increase in CD4+CD62L— cells has been linked to
the migration of such cells out of the blood stream and
into inflammatory sites, as well as to the subsequent
production of cytokines, such as IFN-y, IL-4 and IL-5.
This event is important because a predominance of IFN-y
or IL-4 can direct the immune response towards either a
cellular or a humoral response, respectively [23]. More-
over, CD4+ helper T cells can influence effector and
memory CD8+ T cell development [20]. Previous studies
have shown that the levels of helper (CD4+CD62L—) and
cytotoxic (CD8+CD28-) cells are increased in children
with gastrointestinal and respiratory bacterial infections
compared with uninfected and malnourished children
[24]. The increased number of cytotoxic CD8+CD28—
cells has been linked to the stimulation of the IL-2 and
IL-6 receptors, resulting in the activation and prolifera-
tion of the cells and the production of perforin and gran-
zymes, which damage the bacterial membranes and ulti-
mately kill the bacteria by osmotic shock or apoptosis
[25,26]. The present study shows the changes in the
lymphocyte subpopulations that are associated with the
respiratory and gastrointestinal bacterial infections ob-
served most frequently in Mexican children.

Previous studies have demonstrated the changes in the
proportion of effector or memory cells in children during
bacterial infections; Mycobacterium tuberculosis induces
a significant increase in the proportion of effector T cells
(CD8+CD45RO-CD62L—CD28—CD27-) [27], and Heli-
cobacter pylori produces an increased percentage of
memory/effector CD4+ T cells [28].

In contrast, in the current study, the percentages and
absolute numbers of CD45RO+ T cells (CD3+, CD4+
and CD8+) in patients with bacterial infections were
higher. The memory T cell population is heterogeneous
and consists of multiple subsets exhibiting different
characteristics, including effector and proliferative func-
tions. These cells can persist for very long periods of
time in the absence of antigen, and their response to re-
infections is faster [20]. CD4+ memory T cells recruit
and activate both innate (dendritic and NK cells) and
adaptive (T and B lymphocytes) immune cells. Together,
these cells promote the elimination of infectious organ-
isms, such as bacteria and viruses [29,30]. Memory
CD8+ T cells produce cytokines, such as IFN-y and 1L-2.
These cytokines contribute to the efficient elimination of
infectious pathogens by activating macrophages and NK
cells. The cytokines also promote the activation and pro-
liferation of T cells and memory cells, which play an
important role in the enhanced response against patho-
gens that occurs during subsequent infections [20,31].

In the children with respiratory infections, a higher
percentage of B lymphocytes and a lower percentage of
T lymphocytes were observed in comparison with the
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children with gastrointestinal bacterial infections. This
observation may indicate that respiratory infections trig-
ger a humoral response, whereas gastrointestinal infec-
tions trigger a cellular response. Microorganisms exhibit
marked structural differences in the cell wall, and these
differences are the basis for classifying the bacteria into
two main groups, Gram-positive and Gram-negative
bacteria. Gram-positive bacteria contain a thick pepti-
doglycan wall, whereas Gram-negative bacteria have an
outer membrane composed of lipopolysaccharides and
lipoproteins [32].

Additionally, we observed a higher percentage of
helper (CD4+CD62L-) cells in the children with gastro-
intestinal bacterial infection than in the children with
respiratory bacterial infection; these cells are associated
with a Th2-type humoral response [8,33]. In contrast, we
observed a higher percentage of cytotoxic cells
(CD8+CD28-) in the patients with respiratory bacterial
infections; these cells are closely related to a Thl-type
cellular immune response [34]. These data indicate that
gastrointestinal and respiratory bacterial infections in-
duce a systemic cellular and humoral (Th1/Th2) immune
response. The cellular and humoral immune responses
are multifactorial and result from the interactions of a
large number of cells and cytokine patterns that collabo-
rate to maintain an organism in a homeostatic state
[35,36].

It is known that the pattern of cytokines secreted by
immune cells determines whether a Thl or Th2 pheno-
type predominates in the response. Specifically, the cyto-
kines that predominate in a cellular or Thl response are
IFN-y, TNF-a and IL-2. In contrast, the cytokines that
predominate in a humoral or Th2 response are IL-4, IL-6
and IL-10 [35,36]. It should be emphasized that these
types of responses are not mutually exclusive. In this
study, according to the cell types observed, the humoral
and cellular immune responses coexist. It will be impor-
tant for future studies to characterize the patterns of cy-
tokines and other cells and molecules to understand the
mechanisms that govern the response to bacterial infec-
tions.

We observed that the different pathogens identified in
this study were not associated with specific changes in
the proportion of leukocytes, effector cells, naive cells
and memory cells, likely because the number of samples
evaluated was small.

5. CONCLUSION

In conclusion, this study demonstrates the importance
of utilizing a sensitive four-color immunophenotyping
method to assess the changes in lymphocyte subpopula-
tions in bacteria-infected children. Our data demonstrate
that in Mexican children, respiratory and gastrointestinal
bacterial infections modify the percentages of the host

Copyright © 2012 SciRes.

immune cells. A higher percentage of effector and mem-
ory cells were found in the infected children. In particu-
lar, the respiratory bacterial infections induced an in-
crease in the percentage of B lymphocytes and cytotoxic
cells, indicating that the humoral and cellular responses
cooperate to eliminate the etiological agent. We observed
a similar pattern in the gastrointestinal infections; the
data demonstrated an increase in T lymphocytes and
CD4+CD62- in the infected children. The results indi-
cate that in the respiratory and gastrointestinal infections,
the cellular and humoral responses coincide, and both
responses are necessary for eliminating the pathogen and
for reducing the severity of the disease.
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