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Reduced Serum IgG Responses to Pneumococcal
Antigens in Otitis-Prone Children May Be Due
to Poor Memory B-Cell Generation

Sharad K. Sharma,' Janet R. Casey,2 and Michael E. Pichichero’

"Center for Infectious Diseases and Vaccine Immunology, Research Institute, Rochester General Hospital, and 2Legacy Pediatrics, Rochester, New York

A low level of serum antibody to antigens expressed by Streptococcus pneumoniae has been proposed to explain
the susceptibility of children to recurrent episodes of acute otitis media (hereafter, “otitis-prone children”).
By use of enzyme-linked immunospot assays, the percentages of memory B cells to pneumococcal protein
antigens PhtD, LytB, PcpA, PhtE, and Ply were compared between otitis-prone and non—otitis-prone children
at the time of acute otitis media or nasopharyngeal colonization with S. pneumoniae. We found significantly
lower percentages of memory B cells to 3 pneumococcal protein antigens (PhtD, PhtE, and Ply) and reduced
antigen-specific immunoglobulin G concentrations in otitis-prone children, compared with non-otitis-prone

children.

Acute otitis media (AOM) is a common infectious
disease in children worldwide, leading to a substantial
burden of temporary deafness and delayed speech de-
velopment in developed countries and to more serious
complications in developing countries [1]. About
60%—70% of children experience =1 episode during
the first 3 years of their life, while a subpopulation
of children representing 30% of the total have had
=3 episodes of AOM within 6 months or 4 infections
within a year and are considered otitis prone [2].
Children who experience repeat episodes of AOM
have the greatest morbidity from this disease, some-
times resulting in permanent hearing loss [1, 2].
Streptococcus pneumoniae is one of the most common
pathogens causing AOM [3]. Studies in animal models
and, to some extent, in humans suggest that immune
correlates of protection from infection by S. pneumoniae
include memory CD4" T cells, B cells, neutralizing
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serum, and mucosal antibody levels [4-6]. We have
recently established that otitis-prone children have
reduced frequencies of memory CD4™ T cells spe-
cific for S. pneumoniae antigen and for nontypeable
Haemophilus influenzae antigen in their circulation
at the time of AOM and following nasopharyngeal
colonization [7]. After natural infection and vacci-
nation, robust memory T-cell and B-cell responses
should be generated, with memory lymphocytes popu-
lating lymphoid and nonlymphoid sites, to provide
long-term protection from reinfection [8]. Once gener-
ated on subsequent exposure to a pathogen, memory B
cells can proliferate into antibody-secreting cells and
maintain serum antibody levels over time [9, 10].
Earlier reports describe that otitis-prone children
produce lower amounts of antibodies specific to
S. pneumoniae antigen and nontypeable H. influenzae
antigen and/or do not produce functional bactericidal
antibodies in response to AOM and/or nasopharyngeal
colonization [11-13]. These findings, including ours,
suggest that decreased concentrations of circulating
antibodies to otopathogens may contribute to the
otitis-prone condition. However, until this current
work there has not been an evaluation of whether the
observed reduction in the serum antibody level in
otitis-prone children might be due to failure to gen-
erate robust antigen-specific memory B cells. To the
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best of our knowledge, this is the first report demonstrating
that lower generation of pathogen-specific memory B cells
may account for lower antibody levels to protein antigens
displayed by S. pneumoniae among young children with re-
current episodes of AOM.

METHODS

Subjects

Subjects were participants from our 5-year prospective lon-
gitudinal AOM study funded by the National Institute on
Deafness and Other Communication Disorders [13]. Enrolled
children were from a middle-class, suburban population in
Rochester, New York. Healthy children aged 6 months without
prior AOM were enrolled and had blood, nasopharyngeal, and
oropharyngeal specimens cultured 7 times, at ages 6, 9, 12, 15,
18, 24, and 30 months. Middle-ear fluid was obtained by
tympanocentesis during AOM episodes. Colonization with
S. pneumoniae and/or nontypeable H. influenzae in the na-
sopharyngeal and/or oropharyngeal regions was routinely
determined by standard microbiologic culture. Otitis-prone
children in the study population were defined as those who
had tympanocentesis-confirmed infections and received anti-
biotic therapy directed to the otopathogen isolated from
middle-ear fluid for each AOM event. Peripheral blood
mononuclear cells (PBMCs) were isolated from the collected
blood and frozen in liquid nitrogen until used. Children
having 3 episodes of AOM within 6 months or 4 episodes
within 1 year were considered otitis prone, while others who
had fewer episodes were placed into the non-otitis-prone
group. Written informal consent was obtained in association
with a protocol approved by the Rochester General Hospital
Investigational Review Board.

Antigens

Five different pneumococcal protein antigens were used in
this study: pneumococcal histidine triad proteins D (PhtD) and
E (PhtE), LytB, PcpA, and Ply (a recombinantly expressed,
genetically engineered variant of pneumolysin that is highly
detoxified yet retains the appropriate antigenic/immunogenic
properties. All antigens were procured from Sanofi Pasteur
(Swiftwater, PA).

Humoral Responses

To measure immunoglobulin G (IgG) antibody levels in the
samples, an enzyme-linked immunosorbent assay (ELISA) was
performed as described previously [13]. Briefly, 96-well ELISA
plates (Nunc-Immulon) were coated with 0.5 pg/mL of in-
dividual antigens (100 pL/well) in coating buffer (bicarbonate
[pH 9.4]) and incubated overnight at 4°C. After washing, the
plates were blocked with 3% skimmed milk at 37°C for 1 hour
(200 pL/well). After 5 washes, 100 puL of serum at a starting

dilution of 1:100 (in phosphate-buffered saline [PBS]-3% skim
milk) was added to the wells and diluted serially 2-fold. The
mixture was incubated at room temperature for 1 hour fol-
lowed by the addition of affinity purified goat antihuman IgG,
IgM, or IgA antibody conjugated to horseradish-peroxidase
(Bethyl Laboratories, Montgomery, TX) as a secondary anti-
body. The reaction products were developed with TMB Micro-
well Peroxidase Substrate System (KPL, Gaithersburg, MD),
stopped by the addition of 1.0 M phosphoric acid, and read
by an automated ELISA reader, using a 450-nm filter. To
provide quantitative results on antibody concentrations, the
levels of the specific antibodies present in the unknown
samples were determined by comparing them to reference
serum (provided by Sanofi Pasteur). The total IgG concen-
tration in the reference serum was calculated using an IgG
estimation kit (Bethyl Laboratories). A 4-parameter logistic-
log function was used to form the reference and sample

curves.

Enzyme-Linked Immunospot Assays for Antibody-Secreting

Cells

Antigen-specific cells and total IgG-secreting cells were quan-
tified by an assay in which memory B cells were stimulated in
vitro to differentiate into antibody-secreting cells, as stan-
dardized in our laboratory. Briefly, 1 million thawed PBMCs
were placed in each well of a 24-well plate containing 1 mL
complete media alone or complete media containing 1 pg/mL
pokeweed mitogen. Cells were kept at 37°C for 3 days for
differentiation, washed with complete media, counted, and
distributed onto antigen-coated (10 pg/mL) 96-well enzyme-
linked immunospot (ELISPOT) plates overnight (Millipore).
For the detection of total IgG-secreting cells, wells were pre-
coated with 10 pg/mL monoclonal antthuman IgG (MT91/145;
Mabtech). As a negative control, wells were coated with the
same amount of bovine serum albumin. Plates were then
blocked with 10% fetal bovine serum in Roswell Park
Memorial Institute (RPMI) 1640 media for 30 minutes at
37°C. Stimulated cells were counted and resuspended in
fresh complete RPMI media before distribution onto control
and antigen-coated wells (5 X 10° cells/well on a 96-well
ELISPOT plate). Plates were then incubated at 37°C in a 5%
CO, incubator overnight and then washed with PBS at least
5 times. Next, 100 pL of 1 pg/mL biotinylated antihuman IgG
antibodies (MT78/145; Mabtech) were added to the wells and
incubated for 1 hour. After washing, streptavidin-alkaline phos-
phatase conjugate (1:1000) was added to the wells and incubated
for 1 hour at 37°C. Plates were then washed 5 times with
PBS before development with substrate (BCIP/NBT; Mabtech).
Because of the low frequencies of antigen-specific antibody-
secreting cells, developed spots were manually counted with the
help of a dissection microscope. Antigen-specific data were ex-
pressed as a percentage of antigen-specific memory B cells and
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Table 1. Characteristics of Study Subjects Who Were or Were
Not Prone to Acute Otitis Media (AOM)

Otitis Prone Non-Otitis Prone

Characteristic (n=10) (n=12) P Value
Sex
Male 6 7 1.00
Female 4 5) 1.00
Mean age (months) 13.3 12.1 .50
AOM episodes (no.)
>3 in 6 months 5 0 .01
>4 in 12 months B 0 .01
Total AOM episodes (no.)
1-3 3 4 1.00
4-5 6 0 .003
=6 1 0 45
Prgssure—equalizing tube 4 0 .03
insertion
Breastfeeding at B 8 .67

age >6 months

Data are no. of children, unless otherwise indicated.

were calculated per million of PBMCs as follows: [(number
of antigen-specific spots)/(number of total immunoglobulin
spots)] X 100.

Statistical Analyses

All data were analyzed using Graph Pad Prism software.
Two-tailed P values for the data were calculated using the
Mann-Whitney U test.

RESULTS

Study Population

From a total study population of 387 children, samples from
10 otitis-prone children were selected. From the remainder,
12 children with zero to 2 AOM episodes who were of a similar
age as the otitis-prone children were selected to serve as controls.
Clinical characteristics of the children are shown in Table 1.
For both the otitis-prone and non-—otitis-prone populations,
the study samples were obtained after each child had experi-
enced =1 nasopharyngeal colonization and/or AOM event
caused by S. pneumoniae. However, all 10 otitis-prone children
had experienced at least 2 prior nasopharyngeal colonization
and AOM events due to S. pneumoniae before the study
sample. The total number of AOM episodes in the otitis-
prone group (6 of 10 children had 4-5 episodes) was signifi-
cantly greater than that for the non—otitis-prone group (0 of
12 children had 4-5 episodes; P = .003). Thus, the opportunity
to establish immunologic memory to S. pneumoniae antigens
was greater for the otitis-prone cohort, because 44% of all AOM
cases in both groups were due to S. pneumoniae.
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Figure 1. A, Frequencies of antigen-specific memory B cells (MBCs).

B, Serum immunoglobulin G (IgG) titers to 5 pneumococcal protein
antigens. C, Correlation between PhtD-specific serum antibody titers
and PhtD-specific percentages of antigen-specific MBCs. Data are for
10 otitis-prone children and 12 non—otitis-prone children. Open circles
denote otitis prone and closed circles denote non—otitis prone. P values
were calculated using the Mann—Whitney Utest. *P < .05; ** P < .005.

Generation of Pneumococcal Antigen-Specific Memory B Cells
Is Reduced in Otitis-Prone Children
The circulating frequencies of various S. pneumoniae antigen—
specific memory B cells were compared between non-—otitis-
prone and otitis-prone children by stimulating their PBMCs
with polyclonal antibody. Antigen-specific B-cell responses
were normalized with the control ELISPOT plate wells left
uncoated or coated with bovine serum albumin.

Figure 1A demonstrates percentages of memory B cells to 5
S. pneumoniae antigens in otitis-prone children and non—otitis-
prone children with AOM caused by S. pneumoniae. In sharp
contrast to the non-otitis-prone group, otitis-prone children
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had a marked reduction of circulating S. prneumoniae—specific
memory B cells after an AOM episode or nasopharyngeal col-
onization (Figure 1). In particular, significantly lower percen-
tages of memory B cells producing antigen-specific IgG were
observed against antigens PhtD, PhtE, and Ply (P < .05).
Otitis-prone children showed an overall lower percentage of
memory B cells generated to LytB, although the difference
was not statistically significant (P = .1). No statistically sig-
nificant difference was found in the percentage of PcpA-specific
memory B cells in otitis-prone and non-otitis-prone children
(Figure 1A). Similarly, the total number of I1gG-secreting cells
present in the 2 groups did not differ (data not shown).

Otitis-Prone Children Have Reduced IgG Titers to Pneumococcal
Protein Antigens

We evaluated antigen-specific IgG titers in the serum of otitis-
prone and non—otitis-prone children who were matched by age.
Serum IgG levels to S. prneumoniae antigens in the respective
groups are shown in Figure 1B. In the cohort of non—otitis-prone
children, IgG titers to PhtD, PcpA, and PhtE were significantly
higher than those in otitis-prone children (P < .05, P < .005,
and P < .05, respectively); Ply levels were lower and did not
differ in a statistically significant manner between the groups
(Figure 1B). LytB antibody titers were the lowest among all
antigens tested in both of the cohorts (Figure 1B).

DISCUSSION

We found a reduced percentage of memory B cells circulating
in the blood of otitis-prone children following AOM and/or
nasopharyngeal colonization, despite prior priming by
preceding AOM and nasopharyngeal colonization events
(Figure 1A). After encounter of antigen with naive B cells,
antigen-specific memory B cells and antibody-secreting cells
are generated in the secondary lymphoid structures that
transit through the blood to bone marrow, spleen, or target
tissues such as the respiratory tract [10]. Since serum anti-
body levels are maintained by memory B cells [14], by ana-
lyzing the percentages of antigen-specific memory B cells
generated, we provide a more precise immunological expla-
nation for lower antibody levels in otitis-prone children. To
confirm the association of lower frequencies of memory B cells
with serum antibody levels, we measured S. pneumoniae-specific
antibody titers and found that they were significantly lower in
otitis-prone children (Figure 1B).

Recently, in a different subset of children in our prospective,
longitudinal study, we demonstrated that otitis-prone chil-
dren have suboptimal pneumococcal antigen—specific mem-
ory CD4" T-cell responses [7]. Findings from this study
indicate that otitis-prone children may develop some anti-
body responses, since antibodies and memory B cells were
detectable among these children after AOM and nasopharyngeal

colonization with otopathogens (Figure 1A and 1B). However,
in the absence of antigen-specific memory B-cell and/or
memory CD4" T-cell generation, the antibody levels wane, and
otitis-prone children are unable to maintain adequate serum
antibody levels and become susceptible to frequent repeat
AOM episodes.

Pneumococcal polysaccharide conjugate vaccine is helpful in
boosting protective levels of antipolysaccharide antibodies[15];
however, serotype variation limits the protective efficacy of
strain-specific antipolysaccharide antibodies [3]. Moreover,
although otitis-prone children can induce serotype-specific
antibodies to conjugate vaccines, repeat infections are common
among this vulnerable group [15], indicating that serotype-
specific immunity is brief and incomplete.

Interestingly, we found that the percentage of circulating
PhtD-specific memory B cells correlated with serum PhtD
levels (Figure 1C). A difference in the percentages of antigen-
specific B cells and serum antibodies levels to PcpA and Ply
was observed (Figure 1A and 1B). We speculate that (1) by
binding to the circulating IgG, an active state of nasopharyn-
geal colonization or AOM infection may affect the detection
of serum antibody levels as opposed to memory B cells, and
that (2) during infection in the uncontrolled inflammatory
environment of the nasopharynx, a different dose of pathogen
antigen and stimulation of pathogen-associated molecular
patterns may elicit variable frequencies of B-cell differentia-
tion into antibody-secreting cells and thus affect serum IgG
levels, even in the presence of memory B cells.

In conclusion, with respect to the antigens evaluated here,
otitis-prone children generate significantly lower percentages
of memory B cells that can differentiate into antibody-secreting
cells. The clinical relevance of the finding is clear. Antigen-
specific memory B cells act as reservoirs for serum antibody
maintenance that, on antigen reencounter and with adequate
help with CD4" T cells, can proliferate into antibody-secreting
cells and lead to an increase in the serum antibody levels.
We found that otitis-prone children do not lack total IgG-
secreting cells. Furthermore, our flow cytometry results showed
that in response to polyclonal stimulation, otitis-prone children
do not have mechanistic dysfunction in the transformation of
memory B cells (CD19"IgD ") to antibody secreting plasma-cells
(CD27*CD387CD138™; data not shown). Whether naive B cells
in the secondary lymphoid organs of otitis-prone children
are unable to get optimal CD4™ T cells or T-follicular cell help
for differentiation into memory B cells and/or antibody-
secreting cells for eventually maintaining higher serum IgG

levels is now an area of investigation in our laboratory.
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