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ARTICLE INFO ABSTRACT

Keywords: Objectives: In pediatric patients with sinusitis and suspected low pneumococcal antibody titers, we aimed to
Pneumococcal determine the association between a pneumococcal polysaccharide vaccine booster dose (PPSV23) and health-
Booster care utilization.

FSrlir:;sms Methods: Pediatric patients with a diagnosis of sinusitis, a PPSV23 booster dose, and pre-vaccine anti-pneumo-

coccal antibody titers (age 2-16) were abstracted from the medical records system. Sinusitis-related healthcare
encounters and antibiotic prescriptions were measured for 2 years before and after PPSV23 vaccination. A mixed
effects negative binomial regression was utilized to compare pre and post-vaccine healthcare utilization while
accounting for age and sex.

Results: A total of 233 patients were included in the study analysis. Mean age at pre-vaccination titer was 7.99
years (+3.83), 47 (20.2 %) were immunocompromised, and nearly all patients received the complete childhood
pneumococcal vaccine series. When comparing pre and post-vaccination periods, encounters decreased from an
average of 2.70 (95 % CL: [2.29, 3.10]) to 1.23 (95 % CI: [1.00, 1.46]). Antibiotic prescriptions decreased from
2.58 (95 % CI: [2.17, 2.98]) to 1.18 (95 % CI: [0.93, 1.42]). Mixed effects modeling demonstrated the number of
encounters after vaccination decreased 51.1 % as compared to before vaccination (95 % CI: [42.9, 58.2], p <
0.001) and the number of antibiotic prescriptions decreased 51.3 % (95 % CI: [42.9 %, 58.6 %], p < 0.001).
Among immunocompromised patients, encounters were decreased by 46.9 % (95 % CIL: [26.2 %, 62.1 %], p <
0.001) and antibiotic prescriptions by 49.2 % (95 % CI: [28.5 %, 64.2 %], p < 0.001).

Conclusion: PPSV23 booster vaccination was associated with a significant decrease in sinusitis-related healthcare
encounters and antibiotic use among pediatric patients, including those who are immunocompromised.

Healthcare utilization

1. Introduction

Acute rhinosinusitis is one of the most common pediatric bacterial
infections and a significant driver of healthcare utilization [1]. As of
1996, treatment for acute sinusitis in children under 12 resulted in $1.8
billion in healthcare spending [2]. Upper respiratory tract infections
(URI) are common in young children, with subsequent acute sinusitis
developing in 5-10 % of cases [3]. Antibiotic prescriptions frequently
follow, occurring in 82 % of associated office visits [4]. Children with
acute sinusitis not only suffer from common symptoms including

rhinorrhea, nasal obstruction, fever, cough, headache and facial
discomfort, but they are also at risk of severe sequelae including orbital
or intracranial complications [5]. Quality of life impairments are sig-
nificant and well documented, in both patients and parents, including
missed school/work, impaired socialization, and increased stress [6-9].

The most common organisms implicated in acute bacterial rhinosi-
nusitis are S. pneumoniae, H. influenzae, and M. catarrhalis [1,10-12]. In
the conjugated-pneumococcal vaccine era, S. pneumoniae is implicated
in ~30 % of cases of acute bacterial rhinosinusitis [10]. However, both
before and after the introduction of conjugated-pneumococcal vaccines,
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a subset of pediatric patients have been shown to generate ineffective
long-term pneumococcal immunity as measured by anti-S. pneumoniae
antibody titers [13-18]. Similar findings are well documented in adults
[19-23].  Consequently, physicians have often obtained
anti-S. pneumoniae titers in the setting of recurrent sinusitis and have
administered a pneumococcal polysaccharide “booster” dose to increase
immunity [13-15,21,23]. Despite evidence demonstrating that pneu-
mococcal polysaccharide vaccine booster doses are effective in adults
with sinusitis and low pneumococcal titers, no such evidence exists in
pediatric patients [21,23].

In this study, we investigate healthcare utilization among pediatric
patients diagnosed with sinusitis and low pneumococcal titers, both
before and after receiving a pneumococcal booster vaccine [23]. We
hypothesize that both health system encounters and antibiotic pre-
scriptions will decrease after vaccination. However, we do not expect to
see the same degree of benefit among immunocompromised patients.

2. Methods
2.1. Patient population

All patients included in this study were treated at a single, academic,
tertiary referral children’s hospital. Patients were initially identified
through a database search of our integrated electronic medical records
system, which also includes a wide regional network of hospital asso-
ciated urgent care clinics, primary care clinics, and sub-specialty pro-
viders; criteria included a chart diagnosis of sinusitis and at least one set
of anti-S. pneumoniae titers. The cohort was further narrowed to include
only those with chart documentation of a pneumococcal polysaccharide
booster vaccine (PPSV23) and pre-vaccination anti-S. pneumoniae titers
drawn between the ages of 2-16 years. This study underwent institu-
tional review board review at the Children’s Hospital of Philadelphia
and was determined to meet criteria for exempt status.

2.2. Data Collection

Following assessment of eligibility, medical records were reviewed
for each patient to obtain demographic characteristics and determine
comorbidities. Immunocompromised patients included those with a
history of solid organ transplantation, DiGeorge Syndrome, Combined
Variable Immunodeficiency (CVID), autoimmune disease requiring
immunosuppression, those with documented hypogammaglobulinemia,
and those with diagnosed or suspected primary immunodeficiencies.
Anti-S. pneumoniae titers were classified as normal/abnormal. In chil-
dren <5 years old, abnormal titers were defined as a concentration of
<1.3 pg/mL in >50 % of pneumococcal serotypes [23,24]. In children
>5 years old, abnormal titers were defined as a concentration of <1.3
pg/mL in >30 % of pneumococcal serotypes. Post-vaccination titers
were only interpreted if obtained <1 year post-PPSV23 vaccination-the
mean interval was 145.5 (+248.8) days after vaccination.

Healthcare encounters were defined as substantive interactions (ie:
clinic visits, operative procedures, interaction with medication pre-
scription) with the healthcare system related to sinusitis. Antibiotic
prescriptions met criteria if chart documentation linked the prescription
to a primary complaint or diagnosis of sinusitis. Encounters and anti-
biotic prescriptions were tabulated for the 24 months prior to PPSV23
vaccination and the 24 months following PPSV23 vaccination. Notes
stipulating a specific number of encounters or prescriptions related to
sinusitis in a specified period of time were counted in a time-adjusted
manner. Use of antibiotic prophylaxis was not counted in the total
number of antibiotic prescriptions, but is documented in the manuscript.

2.3. Data analysis

Two primary analyses were defined in this study - the association
between vaccination and encounters as well as the association between
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vaccination and antibiotic use. Additionally, secondary analysis of these
associations in the subgroup of immunocompromised patients was
performed. Associations were estimated using a mixed effects negative
binomial regression model with patient-specific random intercepts.
While we considered a paired t-test, the mixed effects model was chosen
to account for the longitudinal nature of our dataset (i.e. that encounters
and antibiotic use were each measured twice per patient) while
adjusting for covariates of age and sex. This is an attempt to control for
the possibility that patients may “age out” of sinus disease over the four-
year observation period [3]. Negative binomial regression with log-link
function was used to account for the count-based nature of our out-
comes, including the boundary condition of zero encounters and anti-
biotic prescriptions. A p-value less than 0.05 was considered statistically
significant. No multiple comparison correction was performed. Data was
processed utilizing STATA (Version 18, College Station, TX) and R
version 4.3.0.

3. Results
3.1. Cohort demographics

Inclusion criteria were met by 233 patients. Cohort demographics,
comorbidities, and titer results are presented in Table 1. The mean age at
pre-vaccination titer was 7.99 years (+3.83) and a majority of patients
were male (n =131, 56.2 %). Twenty percent (n = 47) of the cohort was
determined to be immunocompromised based on past medical history.
Nearly all patients (n = 226, 97.0 %) received the complete childhood
pneumococcal vaccine series.

Table 1
Cohort characteristics.

Variable N(%) or Mean (SD)

Total Patients 233

Age at Pneumococcal Booster (Years) 8.23 (£3.93)

Sex
Male 131 (56.2 %)
Female 102 (43.8 %)

Comorbidities
Trisomy 21 8 (3.4 %)
Significant Congenital Heart Disease 10 (4.3 %)
Cystic Fibrosis 3(1.3%)
Primary Ciliary Dyskinesia 2 (0.9 %)
IgA Deficiency 17 (7.3 %)
Autoimmune Condition on Immunosuppression 6 (2.6 %)
Combined Variable Immunodeficiency (CVID) 13 (5.6 %)
DiGeorge Syndrome 11 (4.7 %)
History of Hematologic Malignancy 6 (2.6 %)
History of Stem Cell Transplant 9 (3.9 %)
History of Solid Organ Transplant 5(2.1 %)
Other Immunodeficiency 18 (7.7 %)

Total Immunocompromised 47 (20.2 %)

Routine Childhood Pneumococcal Vaccines

Yes 226 (97.0 %)
No 1 (0.4 %)
Partial 1 (0.4 %)
Unknown 5 (2.2 %)

Pre-Vaccination
Age at Titer (Years)
Abnormal Titer
Titer to Vaccine Interval (Days)
Antibiotic Prophylaxis
Adenoidectomy”
Sinonasal Surgery”
Post-Vaccination
Abnormal Titer (39 unknown)
Vaccine to Titer Interval (n = 192)
Antibiotic Prophylaxis
Adenoidectomy
Sinonasal Surgery

7.99 (£3.83)
219 (94.0 %)
48.91 (£59.33)
33 (14.2 %)

83 (35.6 %)

20 (8.6 %)

25 (13.0 %)
145.46 (£248.79)
59 (25.3 %)

22 (9.4 %)

8 (3.4 %)

2 No time restriction.
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3.2. Titers and immunologic vaccine response

All patients had pre-vaccination titers obtained, of whom 219 (94.0
%) met criteria for abnormal pneumococcal titers. PPSV23 was admin-
istered to all patients 48.91 days (+59.33) after titers were obtained.
One hundred ninety-two (82.4 %) patients had post-vaccination titers
drawn, of whom 25 (13.0 %) had persistent abnormal pneumococcal
titers. The average time span between booster vaccine administration
and post-vaccination titer was 145.46 days (+£248.79).

3.3. Healthcare encounters and antibiotic use in the Overall cohort

Outcomes from primary analyses can be found in Table 2. In the two
years prior to PPSV23 vaccination, patients had an average of 2.70 (95
% CI: [2.29, 3.10]) encounters secondary to sinusitis, with a cumulative
total of 628 encounters. In the two years post PPSV23 vaccination, en-
counters decreased to an average of 1.23 (95 % CI: [1.00, 1.46]) and
cumulative total of 287. With respect to antibiotic prescriptions, patients
had an average of 2.58 (95 % CI: [2.17, 2.98]) prescriptions and cu-
mulative total of 600 prescriptions prior to PPSV23 vaccination.
Following PPSV23 vaccination, the average number of prescriptions
dropped to 1.18 (95 % CL: [0.93, 1.42]) and the cumulative total
declined to 274. Encounter and antibiotic histograms are presented in
Fig. 1.

Subsequently, a mixed effects negative binomial regression model
was utilized to estimate the association between vaccination and
healthcare encounters and antibiotic use while accounting for age and
sex. On average, the number of encounters after vaccination decreased
by 51.1 % as compared to before vaccination (95 % CI: [42.9, 58.2], p <
0.001). Similarly, the average number of antibiotic prescriptions after
vaccination decreased 51.3 % when compared to before vaccination (95
% CI: [42.9 %, 58.6 %], p < 0.001).

3.4. Healthcare encounters and antibiotic use among
immunocompromised patients

In the two years prior to PPSV23 vaccination, immunocompromised
patients had an average of 3.085 (95 % CI: [1.914, 4.256]) encounters
secondary to sinusitis, with a cumulative total of 145 encounters. In the
two years post PPSV23 vaccination, encounters decreased to an average
of 1.681 (95 % CI: [0.936, 2.426]) and cumulative total of 79. With
respect to antibiotic prescriptions, immunocompromised patients had
an average of 3.021(95 % CI: [1.793, 4.250]) prescriptions and cumu-
lative total of 142 prescriptions prior to PPSV23 vaccination. Following
PPSV23 vaccination, the average number of prescriptions dropped to
1.553 (95 % CI: [0.809, 2.298]) and the cumulative total declined to 73.

Utilizing the mixed effects model, post-vaccination immunocom-
promised patients were found to have, on average, a 46.9 % decrease
(95 % CI: [26.2 %, 62.1 %], p < 0.001) in encounters and a 49.2 %
decrease (95 % CI: [28.5 %, 64.2 %], p < 0.001) in antibiotic pre-
scriptions compared to pre-vaccination immunocompromised patients.

4. Discussion

Although low anti-pneumococcal antibody titers are a known risk

Table 2
Changes in healthcare encounters and antibiotic courses.

Encounters (mean [95 % CI]) Antibiotic Prescriptions (mean [95 %

CID
Pre-Vaccine (n = 2.70 [2.29-3.10] Pre-Vaccine (n = 2.58 [2.17-2.98]
628) 600)
Post-Vaccine (n = 1.23 [1.00-1.46] Post-Vaccine (n = 1.18 [0.93-1.42]
287) 274)
% Change (per 51.1 %* % Change (per 51.3 %*
model) [42.9-58.2] model) [42.9-58.6]
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factor for recurrent sinusitis, little data exists regarding the utility of
pediatric pneumococcal booster vaccination [15,22,25]. In this study,
we investigate the outcomes of 233 patients with sinusitis who received
the PPSV23 vaccine, reporting the association between booster vacci-
nation, healthcare encounters, and antibiotic utilization. Among pa-
tients in this cohort, PPSV23 vaccination was associated with a 51 %
drop in sinusitis-related healthcare encounters and antibiotic use.
Immunocompromised patients had a similar, though reduced, response,
with a decrease of 47-49 %.

In 2021, Bareiss et al. published a similar study in adults, investi-
gating the response to PPSV23 vaccination among patients with chronic
rhinosinusitis (CRS) and recurrent acute rhinosinusitis (RARS) [23].
They demonstrated a high prevalence of non-protective pneumococcal
antibody titers, with ~90 % responding appropriately to booster
vaccination. Clinically, adult patients with CRS and RARS had a
decrease in the number of healthcare encounters by 73 % and 49 %
respectively [23]. Our pediatric cohort had a similar humoral response
to revaccination, though underlying rates of non-protective titers cannot
be compared. However, pediatric patients diverged clinically. Though
they had a similar decrease in healthcare utilization to adults with
RARS, adults with CRS responded more favorably. This divergence is
unsurprising given the differences in age and underlying pathophysi-
ology between adults and children [26]. Furthermore, while our cohort
had a near parallel drop in healthcare encounters and antibiotic usage
(~50 %), adults with both CRS and RARS only had a 19-21 % decrease
[23]. A potential explanation for this discrepancy is the high rate of
antibiotic use in the pediatric sinusitis population [4].

While past studies investigating PPSV23 booster vaccination in both
pediatric and adult patients have demonstrated positive humoral re-
sponses, few have occurred after the addition of conjugated-
pneumococcal vaccines to the routine childhood vaccination schedule
[14,15,17,27]. Despite invasive pneumococcal disease being the pri-
mary target of vaccination, the pathogenesis of pediatric sinusitis and
otitis media has changed as well, with decreased contributions from
specific pneumococcal serotypes to acute infection [28-30]. When
considering the previously described associations between pneumo-
coccal vaccination and sinusitis and otitis media, the positive safety
profile of PPSV23 vaccination, and our data demonstrating a ~50 %
reduction in healthcare utilization after booster vaccination, PPSV23
booster vaccination may be a useful tool in pediatric cases of refractory
or recurrent sinusitis, even among those with  prior
conjugated-pneumococcal vaccination [31].

This study has several important limitations to note. First, due to the
retrospective, observational nature of our study and the absence of a
control group to directly account for age, we are unable to conclusively
state that PPSV23 vaccination was responsible for each patient’s
observed clinical changes. Despite this, our results closely mirror exist-
ing literature in the adult population and hopefully will promote further
rigorous study of this intervention. Although we attempt to control for
age in our mixed effects model, a randomized, prospective study design
is necessary to fully account for age-related patterns in sinus disease and
the natural disease course.

Additionally, patients both entered and left our health system over
the course of four years; presumably, these patients sought care outside
of our institution. Consequently, visits and antibiotic prescriptions were
likely missed in our accounting, despite utilizing the history recorded in
clinic notes and chart linkage with other institutions. However, this fa-
vors the null hypothesis given that patients with continued symptoms
likely continued to seek tertiary level care, while those with improve-
ment in symptoms would be more likely to return to their local health
system. Furthermore, because there is no comparison group in our study
and we assess relative change rather than absolute change pre/post
vaccination, a fixed percentage of “missed” visits does not confound a
comparison between an intervention and control group or alter a per-
centage improvement/worsening.

Due to the distributed nature of care among patients in our cohort,
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Fig. 1. Healthcare Encounters (A, B) and Antibiotic Prescriptions (C, D) before and after PPSV23 vaccination.

limited data granularity, and the retrospective nature of our study, no
consistent criteria were utilized to diagnose sinusitis, distinguish be-
tween type of sinusitis, or prescribe medication. While this may limit the
precision of our study, we believe it more accurately reflects the real-
world conditions in which clinical decisions are being made, particu-
larly in primary and urgent care settings. While the effects of pneumo-
coccal vaccination on sinonasal symptoms beyond those required to
meet the precise diagnostic standards of acute and chronic rhinosinusitis
are not known, we assert that the association between PPSV23 provision
in children diagnosed with “sinusitis” and reduced health care utiliza-
tion is worthy of reporting, even if incompletely understood.

Lastly, our cohort included a large percentage of immunocompro-
mised patients, likely secondary to broad inclusion criteria and our
center’s referral pattern. This may limit the generalizability of our re-
sults. However, our general cohort and immunocompromised sub-
population had similar response rates to vaccination. Given that we
would expect immunocompromised patients to have reduced vaccina-
tion response relative to a healthy peer, we hypothesize that the general
population may have a more robust vaccination response and that our
study population would be biased towards the null hypothesis.

5. Conclusions

Booster vaccination with PPSV23 among pediatric patients with
sinusitis may be associated with a decrease in sinusitis related health-
care encounters and antibiotic use by up to 51 %. Among immuno-
compromised patients, PPSV23 may also be associated with decreased
sinus related healthcare encounters and antibiotic use. Future studies
should involve a randomized, prospective trial of PPSV23 booster

vaccination in this cohort to more precisely assess its effects.
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