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Summary

We recently identified a cohort of children with recurrent episodes of acute

otitis media (AOM) who fail to generate protective antibody titres to

otopathogens and several vaccine antigens. In this study we determined the

antibody levels against DTaP vaccine antigens, diphtheria toxoid (DT),

tetanus toxoid (TT) and acellular pertussis toxoid (PT) in sera from 15

stringently defined otitis-prone (sOP) children and 20 non-otitis-prone

(NOP) children. We found significantly lower concentrations of

immunoglobulin (Ig)G antibodies against vaccine antigens in the serum of

sOP children compared to age-matched NOP children. To elucidate

immunological cellular responses to the vaccines in these children, we

investigated memory B cell responses to DTaP vaccination. We used

fluorescently conjugated vaccine antigens to label antigen receptors on the

surface of memory B cells and examined the frequency of antigen-specific

CD191 CD271 memory B cells in the peripheral blood. sOP children

showed a significantly lower percentage of antigen-specific CD191 CD271

memory B cells than NOP children. We also found a linear correlation

between the frequencies of memory B cells and circulating IgG titres for DT,

TT and PT proteins. To our knowledge, this is the first study to show

significant differences in memory B cell responses to DTaP vaccine antigens

and their correlation with the circulating antibodies in young children with

recurrent AOM.
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Introduction

Acute otitis media (AOM) is one of the most common

infectious diseases affecting 6–30-month-old children, and

can lead to hearing impairment and delayed speech devel-

opment [1,2]. Approximately 80% of children experience

at least one episode of AOM and approximately 30% expe-

rience three to four episodes diagnosed clinically within a

6–12-month time-span during their first 3 years of life,

termed otitis-prone (OP). We have recently defined a sub-

set of OP children, representing 5% of the total population

of children, who meet the above definition and whose diag-

nosis was based on tympanocentesis confirmation of oto-

pathogens in the middle ear fluid; we termed these children

stringently defined otitis-prone (sOP) [3–5]. These sOP

children have recurrent ear infections associated with

elevated bacterial burden, and higher proinflammatory

cytokine levels within the middle ear space despite tympa-

nocentesis and individualized antibiotic treatment [6,7].

Predominant bacterial otopathogens for otitis media

include Streptococcus pneumoniae (Spn), non-typeable Hae-

mophilus influenzae (NTHi) and Moraxella catarrhalis

(Mcat) [6]. Previous work has shown an association of

respiratory syncytial virus, rhinovirus, parainfluenza virus,

and in one instance a culture-confirmed case of Bordetella

pertussis with AOM [8–10]. Circulating antibodies in the

serum that transudates to mucosal surfaces and/or mucosal

immunoglobulin (IgA) antibodies play a role in blocking

adherence of these pathogens to mucosal epithelial cells

and/or interfere with microbial invasion of the blood-

stream [11,12]. Diminished cellular immunity and cyto-

kine secretion could also affect the level of protection from

infections leading to frequent AOMs. We previously
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showed that sOP children generate low humoral and cellu-

lar immune responses to otopathogens following nasal col-

onization and AOM caused by Spn and NTHi resembling a

neonatal immune profile [6].

The Center for Disease Control (CDC) immunization

schedule for children aged 0–18 years recommends primary

doses of DTaP vaccine at ages 2, 4 and 6 months, followed

by a booster at 15–18 months, and a fifth dose at age 4–6

years. Despite these multiple vaccine doses, pertussis

remains poorly controlled, resulting in morbidity and mor-

tality in vaccinated and non-vaccinated children. Recent

reports of pertussis outbreaks show that this disease

remains dangerous in the United States and other countries

[13,14]. In our recent studies, sOP children failed to gener-

ate protective antibody responses to many common vaccine

antigens, including DTaP components [6,10]. In this study,

to delineate a more precise immunological mechanism for

the lower antibody levels in sOP children, for the first time

to our knowledge we describe an evaluation of the memory

B cell (CD191 CD271) responses to DTaP vaccine antigens

in age-matched sOP and non-otitis-prone (NOP) children

and correlated the observations with serum IgG levels.

Material and methods

Subjects

Subjects in this study are from our 7-year, prospective, lon-

gitudinal study funded by the National Institutes of Health,

National Institute on Deafness and Other Communication

Disorders (NIDCD R0108671) to study immunological

dysfunction in OP children. For the studies reported here,

all 35 children were aged 9–18 months (mean age 10�5
months) from a middle-class, suburban sociodemographic

population in Rochester, New York, who had received three

doses of DTaP vaccine (Sanofi Pasteur, Swiftwater, PA,

USA) at 2, 4 and 6 months of age. A written informed con-

sent was obtained from parents of the children in accord-

ance with a protocol approved by the Rochester General

Hospital institutional review board.

IgG antibody levels

To measure IgG antibody levels to diphtheria toxoid (DT),

tetanus toxoid (TT) and pertussis toxoid (PT) in the sam-

ples, an enzyme-linked immunosorbent assay (ELISA) was

performed as described previously [15,16]. Briefly, 96-well

ELISA plates (Nalge Nunc International, Naperville, IL,

USA) were coated with 100 ml/well of DT, TT or PT antigen

(1�6 Lf or 1 Lf or 0�6 mg/ml, respectively) diluted in coating

buffer (0�01 M sodium phosphate/0�14 M sodium chloride,

pH 7�4 for DT and TT antigen or 0�05 M sodium carbon-

ate, pH 9�6 for PT antigen) and incubated for 16–18 h at

378C. The plates were washed [1 3 phosphate-buffered

saline (PBS)/0.1% Tween-20] and blocked with 1 3 PBS/

1% gelatine for 1 h at room temperature. After five washes,

100 ml of serum was added at a starting dilution of 1 : 50 to

plates containing 1 3 PBS/0�05% Tween-20/0.1% gelatine

for DT and TT assays and 1 3 PBS/0.5% bovine serum

albumin (BSA)/0�05% Tween for PT assays. Reference

standards were calibrated to NIBSC 00/496 (DT), TE-3

(TT) and lot3 (PT) were also added to the plate. The mix-

ture was incubated at room temperature for 1 h followed

by the addition of 100 ml of goat anti-human IgG antibody

conjugated with alkaline phosphatase (Invitrogen, Carls-

bad, CA, USA). The plates were added with the secondary

antibody at room temperature for 1 h, followed by

the addition of 100 ml of substrate solution (1 mg of

p-nitrophenyl phosphate/ml in 1 M diethanolamine, pH

9�8, containing 1 mM MgCl2). The plates were incubated

for 1 h at room temperature and the reaction was stopped

by the addition of 50 ml of 3N NaOH. The plates were read

on an automated plate reader (Molecular Devices, Sunny-

vale, CA, USA) at 405 nm with a 630 nm reference filter.

Sample antibody titres were calculated relative to the end-

point titre with respective reference curve for each assay.

An in-house positive control serum (mixture of human

sera) was run on each plate to control for plate-to-plate

variability. The levels of IgG in the reference serum were

measured quantitatively using a four-parameter method

(Molecular Devices, Soft MaxPro, Sunnyvale, CA, USA).

Peripheral blood mononuclear cells isolation

Peripheral blood mononuclear cells (PBMCs) were isolated

by differential centrifugation on Ficoll-Isopaque (Pharma-

cia, Piscataway, NJ, USA) and sera were stored at 2808C

for further use in immunological assays. PBMCs were

washed in phosphate-buffered saline (PBS) suspended at a

concentration of 107 cells/ml in cell recovery freezing media

(GIBCO, Grand Island, NY, USA) and frozen in liquid nitro-

gen until used.

Labelling vaccine antigens with a fluorochrome

Purified DT, TT and PT proteins obtained from Sanofi

Pasteur (Swiftwater, PA, USA) were conjugated with flu-

orescein isothiocyanate (FITC), according to the manufac-

turer’s instructions (Molecular Probes, Eugene, OR, USA).

Briefly, the protein solution suspended in 1 M sodium

bicarbonate solution was incubated with reactive FITC dye

(10 mg/ml) at a molar ratio of 40 times the dye compared

to protein concentration for 1 h at room temperature. The

mixture was centrifuged at 1100 g for 3 min and the super-

natant was purified over spin columns, according to the

manufacturer’s instructions. The labelling efficiency was

checked by measuring the absorbance at a wavelength of

280 and 494 nm.
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Phenotypical analysis of B cell subsets

Before the assay, frozen PBMCs were thawed rapidly in a

378C water bath, washed and suspended in warm complete

media [RPMI-1640 plus L-glutamine supplemented with

10% heat-inactivated fetal bovine serum (FBS), 10 000 IU/

ml each of penicillin and streptomycin, and 50 mM

b-mercaptoethanol (all media reagents from Invitrogen)].

To determine the proportion of total B cells and memory B

cells in the frozen lymphocyte samples, the cell culture was

washed with 1 3 PBS and incubated with Fc receptor

blocking solution and live–dead fixable aqua dead cell stain

(Life Technologies, Carlsbad, CA, USA) for 20 min at 48C.

The cell culture was further stained with cell surface anti-

bodies for 20 min in the dark at 48C. The cell surface anti-

bodies include mouse monoclonal antibodies (mAbs)

specific for human: anti-CD19 Brilliant Violent 605 (clone

HIB19) and phycoerythrin (PE)-conjugated anti-CD27

(clone M-T271). Labelled cells were fixed with 2% parafor-

maldehyde at room temperature for 10 min, acquired on

an LSRII flow cytometer (BD Biosciences, San Jose, CA,

USA) with doublet discrimination, and analysed using

FlowJo software (version 10�0�7; TreeStar Inc., Ashland,

OR, USA).

PBMC stimulation

Following earlier published protocol, PBMCs were plated

in 96-well U-bottomed plates (Corning Life Sciences,

Corning, NY, USA) at 106 cells/ml in complete media with 3

mg/ml deoxycytidyl-deoxyguanosine–oligodeoxynucleotide

(CpG-ODN) 2006 (Invivogen, San Diego, CA, USA) in the

presence of 10 ng/ml interleukin (IL)-2, IL-10, IL-15 and

100 ng/ml IL-21 (Cell Sciences, Canton, MA, USA) and cul-

tured for 5 days at 378C in a 5% CO2 humidified incubator

[17]. The cultured cells were harvested by centrifugation at

330 g, washed with 1 3 PBS and incubated with Fc receptor

blocking solution, live–dead fixable aqua dead cell stain and

cell surface antibodies, as described above. To determine the

frequency of DTaP vaccine antigen-specific memory B cells

in the cell cultures of sOP and NOP children, the cell suspen-

sion was incubated with a mixture of FITC-labelled proteins

and cell surface antibodies for 20 min in the dark at 48C.

PBMCs from selected samples were added with FITC fluoro-

chrome or unlabelled antigen in separate wells to serve as a

negative control. Labelled cells were fixed and assessed using

a flow cytometer, as described above.

Statistics

All data were analysed using Graph Pad Prism software

(version 6�02). Fisher’s exact test was used to compare the

clinical characteristics of two cohorts of children. Two-

tailed P-values for the data were calculated using the

Mann–Whitney U-test and correlations were analysed by

Spearman’s rank test. The statistical level of significance

was defined as P< 0�05.

Results

Study population

From the study populations, age-matched samples were

used for comparative analysis from 15 children who were

sOP and 20 children who were NOP. The clinical character-

istics of these children are shown in Table 1.

sOP children have lower antibody titres than NOP
children

All sOP and NOP plasma samples were tested for serologi-

cal IgG levels to DT, TT and PT proteins (Fig. 1). We found

sOP children had significantly lower IgG antibodies to DT

(P 5 0�03), TT (P 5 0�001) and PT (P 5 0�0002) compared

to NOP children. A greater percentage of sOP versus NOP

subjects showed undetectable antibody titres to DT (33 ver-

sus 13%), TT (47 versus 13%) and PT (33 versus 0%) anti-

gens (Table 2).

Phenotypical analysis of B cell subsets

In a preliminary study, flow cytometric analysis of freshly

thawed PBMC cultures of five young children (mean age

12 months) showed a minimal frequency of CD191 B cells

(mean 1�68%), CD191CD271 B cells (mean 0�44%),

among which the antigen-specific B cells were impercepti-

ble. To be able to detect the DTaP vaccine antigen-specific

memory B cells, we expanded the PBMC cultures with a

Toll-like receptor (TLR)-9 agonist CpG-ODN 2006 for 5

days in the presence of a mixture of different cytokines.

Stimulation of cell cultures with CpG and cytokines for 5

days resulted in an 8�4 6 2�7-fold proliferation of CD191 B

cells and an 8�2 6 3�1-fold increase in CD191CD271 mem-

ory B, cells as shown in a representative plot from a single

sample (Fig. 2). Further addition of antigen in culture or

incubation after 5 days did not result in an additional

increase in B cell proliferation (data not shown).

Table 1. Clinical characteristics of stringent otitis-prone (sOP) and

non-otitis-prone (NOP) children involved in the study.

Characteristic sOP (n = 15) NOP (n = 20) P-value

Sex

Male 11 10 0�29

Female 4 10 0�29

Mean age (months) 10.8 10.1 0�24

AOM episodes (no.)

>3 in 6 months 11 0 <0�0001

>4 in 12 months 4 0 0�03

Atopy 3 6 0�70

Breast feeding 3 1 0�29

P-values were calculated using Fisher’s exact test.
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sOP children have reduced a number of memory
B cells

PBMC cultures of sOP and NOP children stimulated with

CpG-ODN 2006 and cytokines for 5 days were used to

measure the frequencies of B cell subsets. A schematic of

the B cell subsets as determined by flow cytometric analysis

is shown in Fig. 3. We found the proportion of CD191 B

cells in the lymphocyte population was comparable in both

groups of children, with a mean percentage of 11�8 6 2�18

in sOP children and 12�2 6 1�62 in NOP children (Fig. 4a).

Further, within the B cell population the percentage of

CD191CD271 memory B cells was significantly higher in

NOP children (P 5 0�008), with a mean of 12�20 6 1�62

when compared to sOP children, mean 3�38 6 0�50

(Fig. 4b). The frequencies of DT, TT or PT-specific memory

B cells in sOP children were relatively lower in sOP children

compared to NOP children (P 5 0�37, P 5 0�027, P 5

0�015, respectively), as shown in Fig. 5.

Correlations between antigen-specific memory B cells
and circulating IgG antibody titres

The circulating antigen-specific IgG titres were analysed for

their correlation with frequency of corresponding antigen-

specific memory B cells. A significant correlation between IgG

levels and memory B cell frequencies was found for DT, TT

and PT proteins in both NOP and sOP children (Fig. 6a–c).

Assessing all the data in response to DT, TT or PT proteins

from all subjects collectively, the highest correlation was found

for DT, followed by TT and PT in both groups of children.

Discussion

In the present study we examined the magnitude of mem-

ory B cell responses to DTaP vaccine antigens and corre-

lated antigen-specific memory B cell responses with IgG

antibody levels in sOP and NOP children. We found that

sOP children showed a significantly lower percentage of

antigen-specific CD191CD271 memory B cells than NOP

children. We also found a weak but linear correlation

between the frequencies of memory B cells and circulating

IgG titres for DT, TT and PT proteins. This is the first study

to show significant differences in memory B cell responses

to DTaP vaccine antigens and their correlation with the cir-

culating antibodies in young children with recurrent AOM.

In our previous studies, we showed that sOP children

have significantly lower serum and mucosal antibody titres

to Spn and NTHi proteins compared to age-matched NOP

children [15,18]. We also found recently that sOP children

have a deficiency in functional CD41 T cell responses and

experience recurrent AOM episodes with higher respi-

ratory viral burden [10,16]. Further, our studies have

Fig. 1. Serological antigen-specific

immunoglobulin (Ig)G responses after three

doses of acellular DTaP vaccine in stringent

otitis-prone (sOP) (n 5 15) and non-otitis-prone

(NOP) (n 5 20) children. sOP children showed a

significantly lower concentration of IgG

antibodies to (a) DT (diphtheria toxoid), (b) TT

(tetanus toxoid) and (c) PT (pertussis toxoid)

compared to NOP children. Bars represent

geometric mean values. DT and TT antibody

titres were measured as international units (IU)

and PT-specific antibodies were measured as

enzyme-linked immunosorbent assay (ELISA

units) (ELU). P-values were calculated using the

Mann–Whitney U-test.

Table 2. Geometric mean concentrations (GMC) and 95% confidence interval (CI) of the serological immunoglobulin (Ig)G responses to DTaP

vaccine antigens; DT (diphtheria toxoid), TT (tetanus toxoid) and PT (pertussis toxoid) in stringent otitis-prone (sOP) (n 5 15) and non-

otitis-prone (NOP) (n 5 20) children.

DTaP antigen
DT TT PT

Subjects sOP (n 5 15) NOP (n 5 20) sOP (n 5 15) NOP (n 5 20) sOP (n 5 15) NOP (n 5 20)

GMC 0�21 0�56 0�19 0�86 6�79 25�70

(95% CI) (0�10–0�42) (0�35–0�87) (0�09–0�38) (0�56–1�34) (3�93–11�7) (19�2–34�5)

Median 0�14 0�68 0�27 0�75 5�00 25�00

(range) (0�05–1�47) (0�11–2�84) (0�05–1�10) (0�16–5�19) (2�5–39�0) (8�0–75�0)

% of subjects with undetectable IgG 0(0/20) 0(0/20) 0(0/20) 0(0/20) 0(0/20) 0(0/20)
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demonstrated that sOP children have a dysfunctional

immune system, as evidenced by failure to generate anti-

body responses to multiple routine paediatric vaccinations,

indicating that this population may be exceptionally vul-

nerable to vaccine-preventable infections [19,20]. The poor

antibody responses observed in this study to DT, TT and

PT proteins in sOP children supports our central hypothe-

sis that these children have an immunological deficiency in

antibody-producing cells. Previous studies in the past 25

years reported mixed results on the vaccine antibody titres

of OP and non-OP children [21,22]. Prellner et al. found

lower antibody responses to rubella vaccine antigens but

Fig. 3. Gating strategy for enumerating antigen-

specific memory B cells among stringent otitis-

prone (sOP) and non-otitis-prone (NOP)

children. The dead cell debris and clumps were

excluded first and gated as total selected

lymphocytes (a), followed by gating on live cells

(b) and singlet cells (c) based on their forward-

and side-scatter properties. Total B cells (d),

memory B cells (e) and naive B cells (f) were

gated based on the expression of CD191 CD271.

The antigen-specific memory B cells (g) were

gated based on the antigen-bound fluorochrome-

fluorescein isothiocyanate [Ag-FITC1 conjugated

to diphtheria toxoid (DT), tetanus toxoid (TT) or

pertussis toxoid (PT)]. A negative control without

antigen-labelled free FITC molecules was added to

check the background (h). Preliminarily, the

gating was standardized and compared with all

antibody fluorescence minus one (FMO) controls.

Fig. 2. The percentage frequencies of B cells (out

of total lymphocytes) with surface staining of

CD19 and CD27 markers (a) before and (b) 5

days after stimulation with deoxycytidyl-

deoxyguanosine–oligodeoxynucleotide (CpG-

ODN) 2006, interleukin (IL)-2, IL-10, IL-15 and

IL-21.
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not to tetanus and diphtheria antigens in OP children [21],

while Wiertsma et al. found no difference in antibody levels

against diphtheria, tetanus and Haemophilus influenzae

type b (Hib) protein in OP and non-OP children [22]. The

latter studies are not directly comparable to ours, because

they defined otitis-prone as any child who experienced at

least two AOM episodes in a given year [22]. Our study

rests on a rigorous definition of OP, requiring that the child

experience at least three episodes of AOM within a single

6-month period, or at least four within a year, and all cases

must be confirmed by microbiological culture of middle

ear fluid obtained by tympanocentesis [19].

In our preliminary experiments using freshly thawed

PBMCs from young children (mean age 12 months), we

observed a very low frequency of CD191 B cells (mean

1.68%) with minimal frequency of CD191 CD271 B cells

and imperceptible antigen-specific memory B cells. Several

earlier reports have shown a variety of methodologies to

characterize the B cell phenotypes by prolonged stimula-

tion of the B cell receptor (BCR) or CD40 engagement and

used a cocktail of B cell activating cytokines to determine

the frequency of antigen-specific memory B cells

[15,23–26]. However, prolonged B cell activation using

CD40 ligands influences cell viability and may cause incon-

sistent clonal distribution. Bernasconi et al. showed that in

the absence of antigen, memory B cells proliferate and dif-

ferentiate into antibody-secreting cells in response to TLR

agonists, while naive B cells require BCR ligand stimulation

[27]. Further, it was also demonstrated that the TLR-9

receptor was highly up-regulated in memory B-cells

[15,27]. In accordance with earlier reports, we observed a

five to 10-fold proliferation of the total B cells and memory

B cells after 5 days of incubation [15,28]. Buisman et al.

demonstrated a similar number of antigen-specific mem-

ory B cells with both cryopreserved cells and freshly iso-

lated cells and detected a comparable number of IgG

antibody-secreting cells (ASC) [15]. Using enzyme-linked

immunospot (ELISPOT) assay, enrichment of B cells prior

to stimulation increased the sensitivity of antigen-specific

memory B cell detection [15]. However, enriching pure

culture requires a higher volume of venous blood or a

higher number of PBMCs. Due to the limitation of sample

numbers and the minimal frequency of these cells in the

collected small amounts of venous blood from young chil-

dren with the sOP or NOP condition, we could not enrich

the B cells or perform both flow cytometry and ELISPOT

analysis on the same sample; instead, we cultured PBMCs

Fig. 4. The percentage frequencies of B cell subsets

in peripheral blood mononuclear cell (PBMC)

cultures of stringent otitis-prone (sOP) and non-

otitis-prone (NOP) children after stimulation with

deoxycytidyl-deoxyguanosine–oligodeoxynucleotide

(CpG-ODN) 2006 (3 mg/ml), interleukin (IL)-2,

IL-10 and IL-15 (10 ng/ml) and IL-21 (100 ng/

ml). The percentage of (a) total B cells (of gated

lymphocyte population) and (b) memory B cells

(of gated B cell population) in sOP (n 5 15) and

NOP (n 5 20) children. Bars represent mean

values. P-values were calculated using the

Mann–Whitney U-test.

Fig. 5. The percentage frequencies of antigen-specific memory B cells

(of gated B cell population) in cell cultures after 5 days of

stimulation of lymphocytes with deoxycytidyl-deoxyguanosine–

oligodeoxynucleotide (CpG-ODN) 2006 (3 mg/ml), interleukin

(IL)-2, IL-10 and IL-15 (10 ng/ml) and IL-21(100 ng/ml) in

stringent otitis-prone (sOP) (n 5 10) and non-otitis-prone (NOP)

(n 5 10) children. Bars represent mean values. P-values were

calculated using the Mann–Whitney U-test.
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and stimulated polyclonally in the presence of cytokines.

Despite a more than eightfold expansion of CD191/CD271

cells upon polyclonal stimulation with CpG we were able

to identify a minimal frequency of DTaP vaccine antigen-

specific memory B cells. We used flow cytometry to detect

the fluorescently labelled antigen-binding cells to deter-

mine the percentages of antigen-specific memory B cells

from the peripheral blood of sOP and NOP children. Leg-

gat et al. showed that fluorescently labelled polysaccharide

antigens identified antigen-specific memory B cells in

response to pneumococcal polysaccharide vaccination [29].

Amanna et al. demonstrated the analysis of tetanus and

diphtheria protein-specific CD271 memory B cells using

fluorescently labelled protein antigens [30]. Previously, we

demonstrated a suboptimal pneumococcal antigen-specific

memory B cell responses in a different subset of children in

our prospective, longitudinal study and showed that sOP

children have poor generation of pneumococcal protein

antigen-specific memory B cells [31]. Earlier reports have

demonstrated that antigen-specific memory B cells persist

Fig. 6. Correlations between numbers of antigen-specific memory B cells (MBCs, y-axis) and serum immunoglobulin (Ig)G levels (x-axis) in

stringent otitis-prone (sOP) (open red-coloured circles, n 5 10) and non-otitis-prone (NOP) children (closed blue-coloured squares, n 5 10).

Non-parametric Spearman’s analysis indicated a significant correlation between MBCs and serum IgG levels to (a) DT (diphtheria toxoid), (b)

TT (tetanus toxoid) and (c) PT (pertussis toxoid) proteins.
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years after vaccination and correlate with humoral immu-

nity [25,32–34]. Our results are in agreement with previous

published data, indicating a low but statistically significant

linear correlation between the frequencies of memory B

cells and IgG antibodies to the vaccine antigens studied.

However, the percentage of naive B cells responding to pol-

yclonal stimulation was not statistically different between

sOP and NOP children (data not shown).

The overall results of our experiments suggest that, in

response to polyclonal stimulation, the B cell population in

sOP children has a mechanistic dysfunction, interfering

with proliferation or differentiation into antibody-

secreting cells. We conclude that sOP children have defec-

tive immune responses to vaccine antigens administered

parenterally. These sOP children with low vaccine-induced

immunity probably do not contract vaccine-preventable

infections because they are protected by herd immunity,

and it is a great concern if loss of herd immunity occurs.

Whether the naive B cells in the secondary lymphoid

organs of sOP children are unable to process the BCR sig-

nals after vaccine antigen stimulation or fail to getain opti-

mal T follicular cell help for the expression of CD27

receptor to differentiate into memory B cells is now an area

of active investigation in our laboratory.
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