nature publishing group

Translational Investigation ‘ ArtiCIes

Low immunoglobulin M memory B-cell percentage in patients
with heterotaxy syndrome correlates with the risk of severe

bacterial infection

Shuenn-Nan Chiu', Pei-Lan Shao??, Jou-Kou Wang', Hui-Wen Hsu', Ming-Tai Lin', Luan-Yin Chang', Chun-Yi Lu', Ping-Ing Lee’,

Li-Min Huang' and Mei-Hwan Wu'

BACKGROUND: Patients with heterotaxy syndrome, com-
monly associated with complex congenital heart disease
(CHD), exhibit a higher risk of severe bacterial infection (SBI).
We sought to define the change of a novel immunologic
marker, the immunoglobulin M (IgM) memory B-cell percent-
age, and its association with SBI.

METHODS: We enrolled 46 (M/F 29/17) heterotaxy syndrome
patients (42 right atrial isomerism (RAI) and 4 left atrial isomer-
ism (LAI) aged > 1y during the period 2010-2012 in a tertiary
care center. We analyzed IgM*CD27* memory B-cell percent-
ages. Patients with simple and complex CHD served as controls.
RESULTS: The mean IgM memory B-cell percentages were
the lowest in the heterotaxy syndrome group, compared
with those in complex and simple CHD groups (1.8+2.1 vs.
39+32 vs. 5.1+4.7, P < 0.001). In the heterotaxy syndrome
group, 41.3% had low IgM memory B-cell percentages (<1%
of B cells). Seven had a history of community-acquired SBI and
85.7% of these had low IgM memory B-cell percentages, which
was the only significant factors related to community-acquired
SBI (P=10.028).

CONCLUSION: The memory B cell and IgM memory B-cell
percentages are low in patients with heterotaxy syndrome,
and the presence of IgM memory B-cell percentage < 1% cor-
relates with community-acquired SBI.

Heterotaxy syndrome is a developmental defect involving
abnormal arrangement of the left-right axis, which involves
the thoracic and visceral organs. Because of associated abnor-
malities in cardiac looping, complex congenital heart disease
(CHD) is common in heterotaxy patients, most of whom pres-
ent with cyanosis and heart failure symptoms early in life and
require multistage operations for long-term survival (1-5).
Therefore, cardiac- and operation-related causes account for
60% of death in heterotaxy patients. Infection-related mortal-
ity is another major cause of death (6). Maldevelopment of the
spleen is common in heterotaxy patients, and is an important

cause of immunodeficiency in young children with heterotaxy
(5-8). The incidence of heterotaxy syndrome is 1-1.24% of
CHD patients (9,10), and can be further divided into right atrial
isomerisms (RAI) and left atrial isomerisms (LAI) according
to the atrial appendage morphology. In RAI patients, agenesis
of the spleen is common, occurring in approximately 75% of
these patients (4). Fulminant-encapsulated bacterial infection
(particularly pneumococcus and Hemophilus influenza) is a
common complication in asplenic patients (5,6,8). For LAI,
approximately 43% of patients present with polysplenia and
10% of them present with asplenia (4). However, LAI patients
also exhibit a higher rate of sepsis, which may be related to
abnormal splenic function (8). In our previous large cohort
study, we demonstrated that community-acquired severe bac-
terial infection (SBI) is common among heterotaxy patients,
and that the incidence is significantly higher than that among
patients with other cause of complex CHD (6). We also found
a patient experiencing multiple SBI episodes is common,
indicating that some heterotaxy patients have a higher risk of
infection than those of others (6). Therefore, developing diag-
nostic methods for identifying such highly susceptible patients
is crucial.

The risk of SBI in heterotaxy patients is highest before 2 y of
age, and decreases gradually with age (6,11), possibly because
lymphoid organs, such as the lymph nodes and enteric lym-
phoid tissue, may substitute for the splenic immune function
in some patients as age increases (12). Although the spleen is
a vital immunologic organ, there is still no simple and effec-
tive method for evaluating its function (13). Studies have
demonstrated that the IgM*IgD* memory B cells correspond
closely to the circulating splenic marginal zone B cells (14).
These IgM*IgD* memory B cells forms the T independent
pathway, which is responsible for the immune mechanisms
that are activated in response to encapsulated bacteria. The
percentage of IgM memory B cells measured using flow
cytometry from the peripheral blood declines significantly
after splenectomy, indicating that this marker is related to
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splenic immune function (15,16). Whether this marker can
be used to predict susceptibility to SBI in heterotaxy patients
remains unknown. Therefore, this study sought to elucidate
the changes of this new marker and its correlation with SBI
episodes.

RESULTS

Basic Clinical Characteristics

Table 1 presents a summary of the basic clinical character-
istics of 46 heterotaxy patients (42 with RAI and four with

Table 1. Basic clinical characteristics between the heterotaxy
syndrome, complex and simple CHD groups

Heterotaxy =~ Complex Simple

n=46 CHDn=63 CHDn=66 Pvalue
Age 84+6.2 6454 73+100 0415
Sex (male %) 63% 49% 47% 0.211
Oxygen saturation (%) 86.3+6.9 87.5+64 0.439
CD19 cells (%) 5.0+33 58+4.1 52+4.1 0.513
Memory B cell (%) 8.1+£7.2 128+10.1 152+103 0.001
IgM memory B cell (%) 1.8+2.1 3.9+3.2 51+47 <0.001
Community-acquired SBI 15.2% 7.9% 0 0.007
Community-acquired 6.5% 0 0 0.014
culture-positive SBI
Nosocomial 26.1% 20.6% 0 <0.001

culture-positive SBI

Statistical significance was presented as bold/italic.
CHD, congenital heart disease; SBI, severe bacterial infection.
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LAI), 63 complex CHD patients, and 66 simple CHD patients.
Male predominance was found in the heterotaxy group, which
was consistent with the findings of our previous study (6). The
female predominance in the control group indicated that half
of them were patients with an atrial septal defect. The age and
oxygen saturation revealed no significant difference between
the heterotaxy and complex CHD groups. The community-
acquired SBI rate was 15.2% in the heterotaxy patients, which
is significantly higher than that of the other two groups
(7.9 and 0% in the complex and simple CHD groups, respec-
tively; P = 0.007). The culture-positive SBI rate was also sig-
nificantly higher in the heterotaxy group than in the CHD
groups (Table 1).

Memory B Cell and IgM Memory B-Cell Percentages

The CD 19* B-lymphocyte percentages were similar among
the three groups (Table 1). In the B-lymphocyte subset, the
heterotaxy patients had significantly fewer memory B cells
(CD22*CD27%) than did the controls (Figures 1a and 2a). As
shown in Table 1, the mean percentage of memory B cells in the
heterotaxy patients is 8.1+7.2%, which is significantly lower
than the mean percentages in the complex CHD (12.8 +10.1%)
and simple CHD patients (15.2+10.3%). Age, sex, and oxygen
saturation were not associated with memory B-cell count in
either the control or heterotaxy patients.

The IgM memory B-cell (IgM*IgD*CD22*CD27") percentage
was lower in the heterotaxy patients (Figures 1b and 2b). The
percentage of IgM memory B cells in the heterotaxy patients
was only 1.8+2.1%, significantly lower than the percentages
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Figure 1. Flow cytometry analysis of IgM memory B cell in RAI (with or without previous SBI, complex CHD, and control group. Flow cytometry data of

an (a) right atrial isomerism (RAI) patient with previous severe bacterial infection (SBI); (b) an RAI patient without previous SBI; () a patient with complex
congenital heart disease (CHD); and (d) the simple CHD group (from left to right). Upper portion is the peripheral blood mononuclear cells stained with
antibodies to CD19, CD22, and CD27 by using 3-color flow cytometry. Data are illustrated as a density plot. The memory B cells (CD22+27*) are denoted as
blue rectangles, and were 1.1, 6.3, 21.5, and 16.4% of CD22* cell for panel (a) to panel (d), respectively. Lower portion is the peripheral blood mononuclear
cells stained with antibodies to CD22, CD27, IgM, and IgD, and analyzed using 4-color flow cytometry. The memory B cells (CD22*CD27*) were gated for
further analysis. The memory B cells were divided into two groups based on IgM and IgD staining. The upper-right part, delineated by red rectangles,
illustrates IgM memory B cells (IgM*IgD*), and the lower-left part (IgM-1gD") indicates switched memory B cells. The IgM memory B cells as a percentage of
CD22+ B cells are 0.09, 1.29, 10.2, and 5.4% from panel (a) to panel (d), respectively. Considerably lower memory B cell and IgM memory B-cell percent-
ages are apparent in the RAI patients with previous SBI, in contrast to the RAI patients without previous SBI and other two groups.
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Figure 2. Memory B and IgM memory B cell percentage in three groups of patients and in heterotaxy patients with or without previous SBI. (a) The
memory B-cell percentage and (b) IgM memory B-cell percentage among the heterotaxy, complex and simple congenital heart disease groups. The
memory B-cell percentage and IgM memory B-cell percentage are both significantly lower in the heterotaxy group, compared with those of the other
two groups. (c) The memory B-cell percentage and (d) IgM memory B-cell percentage of patients with previously community-acquired severe bacterial
infection (SBI), and those without community-acquired SBI, in heterotaxy patients. Both parameters are considerably lower and near zero in patients with

previously community-acquired SBI.

in the CHD groups: (3.9+3.2 and 5.1+4.7% in the complex
and simple CHD groups, respectively) (Table 1). Again, age,
sex, and oxygen saturation were not associated with the IgM
memory B-cell count in the heterotaxy or control groups.

Low IgM Memory B-Cell Count and the Risk of Community-
Acquired SBI in Heterotaxy

In the heterotaxy group, 76% of the patients had a low mem-
ory B-cell percentage (defined as < 10%), and 41% had a low
IgM memory B-cell percentage (defined as <1%) (15). Table 2
presents a comparison of the clinical data on the patients with
low and normal IgM memory B-cell percentages. Age, sex,
and oxygen saturation did not differ significantly between the
groups. Although the imaging studies detected no spleen in
69% of the heterotaxy patients, some of the patients without

Copyright © 2016 International Pediatric Research Foundation, Inc.

spleen identified in the imaging studies exhibited normal IgM
memory B-cell counts. Comparing patients with and without
a spleen according to the imaging studies, the memory B-cell
percentage (10.0+6.3 vs. 7.4 +7.6%, P = 0.273) and IgM mem-
ory B-cell percentage (2.1+1.2 vs. 1.7+2.4%, P = 0.533) were
lower in those without a spleen, but this difference was not sta-
tistically significant (Figure 3).

After setting a cutoff point at 1% of CD22+ cells, we deter-
mined that the community-acquired SBI rate was 31.6%
in the heterotaxy patients with a low (<1 %) IgM memory
B-cell percentage. By contrast, in those with a I[gM memory
B-cell proportion of > 1%, the community-acquired SBI rate
was 3.8% (P = 0.031). The culture-positive SBI rate was also
higher in those with a low IgM memory B-cell percentage
compared with those with a high percentage, although not
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significantly (15.8 vs. 0%, P = 0.064). Of the three patients with
culture-positive SBI, one was an 11-y-old boy who had expe-
rienced two episodes of community-acquired SBI (one epi-
sode was pneumococcal sepsis at age 6; the other episode was
Citrobacter freundii sepsis at 3 mo of age). Another patient
was a boy aged 5.3 y who contracted pneumococcal meningitis
at 5 y of age. Another patient was a boy aged 10 who had a
brain abscess at 7.5 y of age. All three of these patients had a
low IgM memory B-cell percentage (< 1%), and the memory
B cells and IgM memory B cells were nearly undetectable in
them (0-1.1% of memory B cells and 0-0.15% of IgM memory
B cells) (Figures 1a,b and 2c,d). By using multivariate logis-
tic regression including age, sex, oxygen saturation, imag-
ing-determined spleen status, and low IgM memory B-cell

Table 2. The clinical characteristics in those with low and normal IgM
memory B cell in heterotaxy syndrome patients (cut point set at 1% of
CD22+ cells)

IgM memory B IgM memory B
cell<1%n=19 cell>1%n=27 Pvalue
Age (years) 9.5+52 76+6.8 0.311
Gender (male, %) 12 (63%) 17 (63%) 1.000
No spleen atimage study 16 (84%) 16 (59%) 0.106
(n, %)
Oxygen saturation (%) 86.3+8.4 86.3+5.8 0.976
CD19 cells (%) 48+3.4 52+33 0.746
Community-acquired SBI 6(31.6%) 1(3.8%) 0.031
(n, %)
Community-acquired 3(15.8%) 0 0.064
culture-positive SBI (n, %)
Nosocomial 5(26.3%) 7 (25.9%) 1.000

culture-positive SBI (n, %)

Statistical significance was presented as bold/italic.
SBI, severe bacterial infection.
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percentage, we found that the presence of a low IgM memory
B-cell percentage was the only significant factor related to
community-acquired SBI (odds ratio: 12.0, 95% confidence
interval: 1.3-110, P = 0.028).

DISCUSSION

Using the proposed diagnostic tool, we found that (i) the
memory B cell and IgM memory B-cell percentages were sig-
nificantly lower in the heterotaxy group than in the control
groups; and (ii) In the heterotaxy patients, the memory B cell
and IgM memory B-cell percentages were lower in those with
previously documented community-acquired SBI and culture-
positive SBI. A low IgM memory, B-cell percentage was signifi-
cantly associated with community-acquired SBI

Measurement of Splenic Immunologic Function

Although the spleen is a vital immunologic organ, assessing its
function is still difficult. Traditionally, the Howell-Jolly body
count is considered an indicator of markedly decreased splenic
function (17). However, the clinical implication is limited by
suboptimal sensitivity and a lack of objective counting (18).
A newly introduced hematology method involves pit count of
circulating erythrocytes by using interference contrast micros-
copy (13). This method has been suggested to be a more sen-
sitive marker than the Howell-Jolly body count in detecting
splenic function; however, the involved technical complexity
limits its application in clinical practice (13,19). Recently, the
percentages of the memory B cell and IgM memory B-cell
counts in the peripheral blood have been shown to correlate
favorably with splenic function (15,16,20). The IgM memory
B-cell count decreased in patients with hyposplenism, includ-
ing patients with common variable immunodeficiency disease
and inflammatory bowel disease (16). In addition, a high cor-
relation was found between the pitted red cell value and IgM

IgM memory B cell (%)
10.0

8.0

6.0

4.0

2.0

0.0

Spleen by imaging study

Figure 3. Memory B and IgM memory B cell percentage in heterotaxy patients with or without spleen by imaging study. (a) The memory B-cell percent-
age and (b) IgM memory B-cell percentage between those without and with spleen visible in an imaging study. Although the memory B cell and IgM
memory B-cell percentage are both a little lower in those without spleen in an imaging study, the difference is not significant.
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memory B-cell count (16). These data support the use of mem-
ory B and IgM memory B-cell counts as indicators of splenic
function. However, their clinical use in young patients with
heterotaxy syndrome is still limited (21). In the present study,
we found considerably lower memory B cell and IgM memory
B-cell percentages in the heterotaxy patients compared with
the control complex and simple CHD groups.

Low IgM Memory B-Cell Percentage in Heterotaxy Patients Is
Correlated With Community-Acquired SBI

Studies on SBI in patients with heterotaxy syndrome are lim-
ited (8). In our previous study on 95 heterotaxy patients, we
found that community-acquired culture-positive SBI was com-
mon in heterotaxy patients with a 5-y cumulative infection rate
of 14.5%, but not in complex CHD patients (5-y cumulative
infection rate of 0%) (6). Although splenic immune function
was generally lower in the RAI patients, its rate varied. In that
study, we determined that repeat SBI episodes in the same
patient are common, suggesting that a variation of individual
susceptibility to SBI exists among RAI patients (6). In addi-
tion to individual variation, splenic function may change with
age. The SBI rate has been reported to be higher in the first
2 y of life and to decrease gradually with age (6,11). In our
previous study, the annual infection rate was 7.1% in the first
2y of life, 3.3% between the ages of 2 and 5 y, and 1.5% after
the age of 5y (6). Other lymphoid organs, such as the lymph
nodes and enteric lymphoid tissue, may substitute for splenic
function with age and reduce the risk of SBI in some patients
(11). Because of individual variations and changes of immune
function over time, measuring splenic function is essential in
identifying patients at high-risk of SBL

Spleen status can be assessed in imaging studies, but this is
not effective in identifying patients at risk of infection from
hyposplenism (22). This is because some heterotaxy patients
may still have accessory splenic tissue with variable splenic
immune function (i.e., atrial visceral situs discrepancy) (6,7),
or have abnormal splenic function despite the presence of
splenic tissue (e.g., LAI patients) (6,8,21). Directly measuring
splenic immune function may be informative in identifying
patients at risk of infection. In the current study, we observed
that the memory B cell and IgM memory B-cell percentages in
heterotaxy patients were closely correlated with the occurrence
of SBI. This correlation was stronger than that obtained using
imaging studies to determine spleen status. In addition, in
each of the three patients with a history of culture-positive SBI,
both the memory B and IgM memory B-cell percentages were
low. A low IgM memory, B-cell percentage (<1%) was the only
factor significantly correlated with community-acquired SBI.
These findings indicate that the memory B and IgM memory
B-cell percentages are more accurate indicators of hyposplen-
ism and SBI risk in RAI patients than imaging studies.

The current hyposplenia treatment guidelines in United
States and Europe recommend long-term antibiotic prophy-
laxis for high-risk patients (21-23). However, the suggested
treatment duration is controversial (23), ranging from 2 y to
lifelong, and the antibiotic prophylaxis recommendation has

Copyright © 2016 International Pediatric Research Foundation, Inc.

often been questioned. First, the guideline does not consider
individual disease differences (24). The only evidence of antibi-
otic prophylaxis in children is from sickle cell disease cases (23).
Second, the guideline does not consider antibiotic resistance,
which is an emerging problem because of antibiotic overuse
(25,26). Because of the high resistance rate of pneumococcus,
antibiotic prophylaxis policy in Taiwan is emergency use (in
other words, use of antibiotics only if fever occurs or with sus-
picion of infection). The rationale for this policy is to reduce
pneumococcus resistance; however, it may have increased the
SBI rate in our cohort. Therefore, the new markers proposed
in our study may select real high-risk patients and provide a
more appropriate antibiotic prophylaxis decision in hetero-
taxy patients. Whether these markers should be incorporated
into the guidelines for antibiotic prophylaxis treatment of RAI
patients requires a long-term follow-up study.

The vaccine for the encapsulated bacteria is a critical part
of preventing SBI in heterotaxy patients (22). One-third of
the patients in our study did not receive a pneumococcal vac-
cine, but most of them received the Hemophilus influenza vac-
cine. The reason for the low pneumococcal vaccination rate
is related to government subsidies. This low vaccination rate
may have interfered with our study results, inflating the SBI
rate. However, in our study, the two patients with documented
pneumococcal sepsis and meningitis had previous pneumo-
coccal vaccination (one was infected with a nonvaccine strain
and the other received only the polyvalent polysaccharide
pneumococcal vaccine). Furthermore, the unresponsive-
ness to pneumococcal conjugate vaccine is also a problem
in hyposplenism patients (22). Whether incorporating these
markers can identify patients who are unresponsive to pneu-
mococcal conjugate vaccine requires further study.

Confounders of Memory B Cell and IgM Memory B-Cell
Measurements

Very young age (infancy) is a possible confounder in apply-
ing the memory B cell and IgM memory B-cell counts for
predicting patients at high risk of SBI. When the human body
is exposed to foreign polysaccharide antigens, the splenic
marginal zone germinal center B cell responds. After prolif-
eration, somatic mutation, selection, and class switching, the
final products of the germinal center reaction are high-affinity
memory B cells and IgM memory B cells. Because the foreign
antigen exposure is still inadequate in the infant period, mem-
ory B cell and IgM memory B-cell production is generally low
and often undetectable, even in normal infants (15), which is
why we enrolled only patients aged at least 1 y.

We found no association of memory B cell or IgM mem-
ory B-cell percentages with oxygen saturation or age, which
have been suggested as confounders (15,27). Pearson et al.
reported two cases of the transposition of the great arteries
in patients with hypoxia and both had hyposplenism; how-
ever, these cases were questioned by William et al., who theo-
rized that the two cases should be diagnosed as heterotaxy
syndrome. In the present study, we found that the patients in
the RAI group had a significantly lower IgM memory B-cell
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percentage than that of those in the complex CHD group
despite having similar oxygen saturation. This finding ruled
out oxygen saturation interfering in the IgM memory B-cell
analysis. A positive correlation between age and IgM memory
B-cell count was proposed by Kruetzmann et al., but this rela-
tionship was more prominent in patients younger than 1y of
age (15). Because the current study was limited to patients
aged older than 1y, we observed no association between age
and IgM memory B-cell count.

In patients with protein-losing enteropathy, lymphopenia
is a common characteristic caused by a loss in stool (28,29).
Therefore, whether the low memory B cell and IgM memory
B-cell measurements reflect an increased susceptibility to SBI
is still uncertain in this clinical scenario, and must be explored
in future studies.

Study Limitation

Because heterotaxy syndrome is a rare disease, relatively
few patients could be enrolled in our study cohort. Only
seven community-acquired SBI patients and three commu-
nity-acquired culture-positive SBI patients were enrolled.
However, we still found a low IgM memory B-cell percentage
to be the only significant factor correlated with community-
acquired SBI.

Because memory B cells and IgM memory B cells are often
few and undetectable in infancy (15), we could not apply this
newly introduced hematology method to measure splenic
function in infants. This may limit the clinical application of
the current method because SBI often occurs during infancy.

Conclusion

Memory B cell and IgM memory B-cell percentages are lower
in heterotaxy patients than in complex and simple CHD
patients. In heterotaxy patients, the presence of a low (< 1%)
IgM memory B-cell percentage is correlated with community-
acquired SBI episodes.

METHODS

Subjects

We enrolled all patients aged more than 1 y who had been diagnosed
with heterotaxy syndrome and received follow-up care at National
Taiwan University Hospital, which is the referral center for complex
CHD in Taiwan, between January 2010 and December 2012. We per-
formed our study in accordance with the regulations of the National
Taiwan University Hospital institutional review board, which were
in accordance with the Helsinki Declaration. All patients signed the
informed consent before entering study (or signed by parents). We
reviewed the charts of the patients and recorded previously docu-
mented SBI events including community-acquired episodes and nos-
ocomial infections. The diagnostic criteria of RAI and LAI included
bilateral atrial appendage morphology belonging to the right atrium
and left atrium, accompanied by bilateral symmetric tracheobron-
chial trees, as confirmed during surgery or by using computed tomog-
raphy imaging. Spleen status was determined using either computed
tomography or abdominal sonography. The definition of SBI included
(i) a positive blood culture combined with clinical signs of sepsis and
an elevated white blood cell count or inflammation markers such as
C-reactive protein; (ii) a brain abscess, empyema, or other abscess
formation requiring drainage; and (iii) bacterial meningitis, infec-
tive endocarditis, pyelonephritis, or bacterial pneumonia (including

276 Pediatric RESEARCH Volume 79 | Number 2 | February 2016

lobar pneumonia or pneumonia with elevated inflammation mark-
ers). Patients with SBI and a positive culture result (including blood,
cerebral spinal fluid, or an abscess) were defined as culture-positive
SBI. Community-acquired SBI was defined as SBI with presentation
or a positive culture result within 48h after admission and no inter-
ventions or hospitalizations within the week before admission. The
control group in our study comprised 67 patients with complex CHD
and 66 patients with simple CHD (atrial septal defect in 32 patients,
patent ductus arteriosus in 19 patients, and ventricular septal defect
in 15 patients), all without genetic syndromes. The definition of com-
plex CHD in our study was CHD requiring single ventricle physiol-
ogy surgery; among the types of CHD studied were tricuspid atresia
(11 patients), double-inlet left ventricle (10 patients), hypoplastic left
heart syndrome (8 patients), double-outlet right ventricle (8 patients),
l-transposition of the great arteries (8 patients), double inlet double
outlet ventricle (7 patients), mitral atresia with double outlet right
ventricle (5 patients), pulmonary atresia with intact ventricular sep-
tum (5 patients), and other (5 patients).

Protein-losing enteropathy was found in five patients after Fontan-
type operations (four in the complex CHD group and one in the het-
erotaxy group). Patients with protein-losing enteropathy may have a
very low lymphocyte count; thus, memory B cell and IgM memory
B cell counting may be impaired. Therefore, these five patients were
excluded.

Flow Cytometry

After receiving written informed consent from the patients or their
parents, 5ml of fresh blood was sampled from peripheral blood
or during cardiac catheterization. Mononuclear cells were isolated
from heparinized blood by using Ficoll-Paque Plus (GE Healthcare
Bio-Sciences, Uppsala, Sweden). The blood mononuclear cells were
stained with the appropriate antibody combinations of fluorescein
isothiocyanate, phycoerythrin, peridinin chlorophyll protein com-
plex (Per-CP), and allophycocyanin. Monoclonal antibodies HIB19
(anti-CD19), HIB22 (anti-CD22), M-T271 (anti-CD27), G20-127
(anti-IgM), and IA6-2 (anti-IgD) were obtained from Becton
Dickinson (San Jose, CA). Dead cells were excluded from analysis by
using forward and side scatter gating. All analyses were performed
on a four-color flow cytometry FACSCalibur (Becton Dickinson)
interfaced with a Macintosh CellQuest computer program. The
CD19+ cell, identified as B lymphocyte, was gated for subsequent
analysis. The percentage of memory B cells was determined using
flow cytometry-based immunophenotyping of the surface markers
CD22+ and CD27+ in the CD22+ cells. IgM memory B cells were
identified according to the percentage of immunophenotyping of
the surface markers of the CD22+, CD27+, IgM+, and IgD+ cells in
the CD22+ cells.

Statistical Analysis

SPSS version 15.0 (SPSS, Chicago, IL) was used to perform statistical
analysis. We used the Student f-test or one-way analysis of variance
to compare data with normal distribution. We used a nonparametric
method with the Mann-Whitney or Kruskal-Wallis test to compare
data with skewed distribution. Categorical data were examined using
a chi-square test and Fischer’s exact test. The data were presented as
mean * SD; P < 0.05 was considered statistically significant.
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