Invasive Pneumococcal Disease After Implementation of

13-Valent Conjugate Vaccine

WHAT’S KNOWN ON THIS SUBJECT: Invasive pneumococcal
disease causes enormous morbidity in children. The spectrum
and severity of illness caused by pneumococcal serotypes not
present in the current vaccine, and whether the clinical profile
and severity of disease have changed, are largely unknown.

WHAT THIS STUDY ADDS: Initial data suggest that nonvaccine
serotypes are more common in children with underlying

conditions, who have greater morbidity from disease. In the post-
PCV13 era, a larger proportion of patients are hospitalized, but
\ mortality rates are unchanged.

OBJECTIVE: To examine whether there is a different clinical profile and
severity of invasive pneumococcal disease (IPD) in children caused by
nonvaccine types in the era of 13-valent pneumococcal conjugate vac-
cine (PCV13).

METHODS: Observational study of childhood IPD in Massachusetts
based on state public health surveillance data comparing pre-PCV13
(2007-2009) and post-PCV13 (2010-2012) eras.

RESULTS: There were 168 pre-PCV13 cases of IPD and 85 post-PCV13
cases of IPD in Massachusetts children =5 years of age. PCV13 sero-
types declined by 18% in the first 2 years after PCV13 use (P=.011). In
the post-PCV13 phase, a higher proportion of children were hospital-
ized (57.6% vs 50.6%), and a higher proportion of children had comor-
bidity (23.5% vs 19.6%). Neither difference was statistically significant,
nor were comparisons of IPD caused by vaccine and nonvaccine
types. Children with comorbidities had higher rates of IPD caused
by a nonvaccine type (27.6% vs 17.2%; P = .085), were more likely
to be hospitalized (80.4% vs 50%; P << .0001), and were more likely to
have a longer hospital stay (median of 3 days vs 0.5 days; P = .0001).

CONCLUSIONS: Initial data suggest that nonvaccine serotypes are
more common in children with underlying conditions, who have
greater morbidity from disease. In the post-PCV13 era, a larger pro-
portion of patients are hospitalized, but mortality rates are unchanged.
Routine vaccination with PGV13 may not be enough to reduce the risk in
patients with comorbidity. Pediatrics 2014;134:210-217
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Streptococcus pneumoniae is a patho-
gen that normally occupies the naso-
pharynx of healthy children but also
causes otitis media and invasive syn-
dromes such as meningitis, pneumonia,
and sepsis.! Invasive pneumococcal
disease (IPD) causes 1 million deaths
per year worldwide?3; in the United
States before the conjugate vaccine
era, pneumococcal disease was esti-
mated to cause 3000 cases of menin-
gitis, 50 000 cases of bacteremia, and
500 000 cases of pneumonia annually,
with bacteremia and meningitis oc-
curring primarily in young children.4
The introduction of the 7-valent pneu-
mococcal conjugate vaccine (PCV7) ledto
a substantial decrease in IPD overall and
specifically vaccine serotype (VT) dis-
ease; however, nonvaccine serotypes
(NVTs) subsequently increased.® In ad-
dition, the population at risk changed in
the post-PCV7 era, with IPD affecting
a greater proportion of children with
comorbidity and chronic illness. One of
the primary goals of introducing the
broader spectrum 13-valent pneumo-
coccal conjugate vaccine (PCV13) in
February 2010 was to provide protection
against the clinically relevant non-PCV7
serotypes, specifically 19A, 7F and 6A,
which caused a substantial burden of
disease inthe PCV7 era. We hypothesized
that if the remaining non-PCV13 sero-
types are intrinsically less virulent, IPD
in the PCV13 era will be less severe.

The objective of the study was to de-
scribe the clinical features and out-
comes of IPD in children =5 years of
age in Massachusetts and to examine
the epidemiology of IPD and differences
inthe clinical profile and severity of IPD
before and after the introduction of
PCV13.

METHODS

This study was designed as a population-
based observational study based on
Massachusetts’ public health surveil-
lance data on IPD in 2 periods: the pre-
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PCV13 era, from September 2007 to
August 2009, and the post-PCV13 era,
from September 2010 to August 2012.
Cases were compared across age
groups (<2 months, 2-23 months, and
2-5 years). A case of childhood IPD
was defined by a positive culture for
S. pneumoniae from normally sterile
body fluid, from a Massachusetts resi-
dent =5 years of age. The outcomes
compared were characteristics of IPD,
including patient characteristics, clinical
features, microbiologic features, comor-
bidities and other risk factors, and envi-
ronmental factors.

In 2010, Massachusetts had a population
of6.6 million, of whom 1.4 million, or 22%,
are children =18 years old.” The per-
centage of children <<5 years of age was
9.6%.8 The study population included all
cases of IPD in children =5 years old
who had an IPD diagnosis in Massa-
chusetts.

Full-scale distribution of PCV7 according
to guidelines began in July 2000 in
Massachusetts, where allrecommended
childhood vaccines are purchased and
distributed by the Massachusetts De-
partment of Public Health (MDPH) to
both public and private health care
providers. Immunization uptake of =3 of
PCV7 among children aged 19 to 35
months in Massachusetts in 2011 was
98%.° In February 2010, PCV13 was ap-
proved for use in all children aged 6
weeks to 60 months, and up to 71
months of age in those with comorbid-
ity, and replaced PCV7. All doses of
PCV13 for both routine administration
and supplemental doses are supplied
universally by MDPH.

Increased statewide surveillance for IPD
has been in place since October 2001.
Each pediatric IPD case in Massachu-
setts is reportable, and clinical micro-
biology laboratories in Massachusetts
are requested to provide all S. pneu-
moniae isolates recovered from sterile
sites from children <18 years of age
to MDPH. MDPH epidemiologists, in
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collaboration with local boards of health,
collect a standardized set of data on age,
gender, race, vaccination status, clinical
presentation, and underlying medical
conditions of the case and interview
parents or guardians to document day
care attendance and household infor-
mation such as occupancy number.

Serotyping is performed on available
isolates at the Maxwell Finland Labora-
tory for Infectious Diseases at Boston
Medical Center, using the Quellung re-
action with pneumococcal antisera
(Statens Serum Institute, Copenhagen,
Denmark). Antibiotic susceptibilities to
penicillin, ceftriaxone, and azithromycin
are determined by E-test, and minimum
inhibitory concentration interpretations
are based on current Clinical and Lab-
oratory Standards Institute guidelines.

Statistical Methods

Patient characteristics were compared
by using the Fisher’s exact test for cat-
egorical variables and the Wilcoxon or
Kruskal-Wallis test for continuous var-
iables. In analyzing length of hospitali-
zation, we used the Wilcoxon test by
ranking children who were not hospi-
talized as though they had the shortest
stays and those who died during hos-
pitalization as though they had the lon-
gest stays. We investigated the effect of
VT on disease severity using logistic re-
gression models, adjusting for gender,
age group, and comorbidity as poten-
tial confounders. All data manage-
ment was performed with Microsoft
Excel 2011 version 14.3.6 (Microsoft
Corporation, Redmond, WA), and sta-
tistical analyses were performed with
SAS version 9.3 (SAS Institute, Inc,
Cary, NC). The significant level for all
tests was set at 5%. P values were not
adjusted, but because numerous
P values were calculated, all results
were conservatively interpreted.

This study was approved by the in-
stitutional review boards of the Uni-
versity of Minnesota and the MDPH.
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RESULTS

Demographics and Patient
Characteristics

There were 168 cases of IPD from 2007
t0 2009 and 85 cases of IPD from 2010 to
2012 in Massachusetts children =5
years of age (Table 1). This was equiv-
alent to incidence rates of 46 per
100 000 pre-PCV13 and 23 per 100 000
post-PCV13, with an estimated change
in IPD rate being 23 per 100 000 (95%
confidence interval, 14-31; P << .00001).
In terms of absolute numbers, children

21023 months of age formed the largest
group with IPD in both pre- and post-
PCV13 phases, comprising 53.0% and
56.5% of patients, respectively (Table 2).
Caucasians were the predominant race,
making up 47.0% of cases in the pre-
PCV13 and 412% in the post-PCV13
phase (Table 1). In the pre-PCV13 phase,
59.5% were up to date on their PCV im-
munization, compared with 58.8% in the
post-PCV13 phase. Comparing VT and
NVT, 56.9% of patients with VT-IPD were
up to date with their PGV immunization,
compared with 67.8% of patients who

TABLE 1 Characteristics of Children With IPD in Pre-PCV13 and Post-PCV13 Periods

Pre-PCV13,
n (%) (n=168)

Post-PCV13, P
n (%) (n=85)

Patient characteristics
Age group
<2mo
2-23 mo
2-5y
Male
Race
White
Black
Asian
American Indian
Other
Unknown
Comorbidity
PCV immunization
Up to date
PPV23 immunization
Received
Clinical features
Site of isolation
Cerebrospinal fluid
Blood
Pleural fluid
Synovial fluid
Pancreatic fluid
Symptoms
Fever
Microbiologic features
PCV7 serotype
18C
19F
PCV13 serotype
3
7F
19A
NVT
Outcomes
Hospitalized
Length of hospital stay, median [range, d]
Readmitted after discharge
Mortality

810
742 2(24)
89 (53.0) 48 (56.9)
72 (42.9) 35 (41.2)
93 (55.4) 47 (55.3) 1.000
975
79 (47.0) 35 (412
18 (10.7) 11.(12.9)
742 4(47)
1(0.6) 0 (0)
18 (10.7) 7(82)
45 (26.8) 28 (32.9)
33 (19.6) 20 (23.5) 510
1.000
100 (59.5) 50 (58.8)
552
3(1.8) 0 (0
682
2(12) 1(1.2)
159 (94.6) 78 (91.8)
2(1.2) 3 (3.5)
1(06) 0 (0
1(06) 00
72 (42.9) 46 (54.1) 109
49 (29.2) 34 (40) .090
1(06) 1012 1.000
1(0.6) 0 (0) 1.000
0 (0 2(24) 1.000
16 (8.5 8(9.4) 823
67 (39.9) 17 (20) <.0001
40 (23.8) 47 (55.3) <.0001
85 (50.6) 49 (57.6) 333
3 [0-42] 4 [0-17] 210
742 2(24) 722
6 (3.6) 3 (3.5) 1.000

PPV23, 23-valent pneumococcal polysaccharide vaccine.
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had NVT-IPD, although this difference
was not statistically significant (P = .145;
Table 3).

Clinical Features

The most common site of isolation of IPD
wasintheblood, 94.6% inthe pre-PCV13
phase and 91.8% in the post-PCV13
phase. Although many different types
of clinical infection were seen, and some
patients had multiple types of infection
(eg, clinical diagnoses of meningitis,
otitis media, or cellulitis), there was no
significant difference in the frequency of
post-PCV13 compared with pre-PCV13
clinical diagnoses (data not shown).
Fever was the most common symptom,
29.2% inthe pre-PCV13 phase and 40% in
the post-PCV13 phase, butthis difference
was not statistically significant (P=.09).

Microbiologic Features

The most common serotypes inthe pre-
PCV13 era were 19A (39.9%) and 7F
(9.5%). PCV13 serotypes made up 51%
of cases of IPD in the pre-PCV13 era
and decreased to 33% in the first 2
years after PCV13. The estimated change
in PCV13 serotypes was 17.7% (95%
confidence interval, 4.2-31%; P =
.0113). The most common serotype in
the post-PCV13 era remained 19A
(20%), although it decreased signifi-
cantly (P<<.001), followed by 7F (9.4%,
P =.0823).

In analyzing antimicrobial susceptibility,
we analyzed the isolates by using current
Clinical and Laboratory Standards In-
stitute breakpoints. Although a larger
number of isolates were susceptible
to penicillin, ceftriaxone, erythromycin,
clindamycin, tetracycline, moxifloxacin,
and trimethoprim—sulfamethoxazole in
the post-PCV13 phase, the only statisti-
cally significant increase was in tetracy-
cline (P=.028), although the increase in
penicillin susceptibility also approached
significance (P = .054; Fig 1). A larger
proportion of NVTs were susceptible to
all the antimicrobial agents tested; only



TABLE 2 Age-Related Counts of Children
With IPD in Pre-PCV13 and Post-
PCV13 Periods

Pre-PCV13,
n (%) (n=168)

Post-PCV13,
n (%) (n=85)

IPD
<2 mo 7(42) 2(24)
2—-23 mo 89 (53.0) 48 (56.5)
2-5y 72 (429) 35 (41.2)
VT-IPD?
<2 mo 3(1.8) 0 (0)
2—-23 mo 44 (26.2) 14 (16.5)
2-5y 41 (24.4) 14 (16.5)
NVT-IPD?
<2 mo 2(1.2) 1(1.2)
2—-23 mo 24 (14.3) 27 (31.8)
2-5y 14 (8.3) 19 (22.4)

a Percentages do not add up to 100% because of incom-
plete data.

penicillin, ceftriaxone, erythromycin,
and trimethoprim—sulfamethoxazole had
significant P values (P = .001, .002, .021,
and .047, respectively; Fig 2).

Comorbidities

The most prevalent comorbidities listed
were chronic lung disease, malignancy
orimmunosuppressivetherapy, asthma,
and sickle cell disease or asplenia (data
not shown). In the pre-PCV13 phase,
19.6% of patients had comorbidity,
compared with 23.5% in the post-PCV13
phase (P=.510); conversely, 17.2% of all
patients with VT-IPD had a comorbidity,
compared with 27.6% of patients with
NVT-IPD (P = .085).

Outcomes

In the pre-PCV13 phase, 50.6% were
hospitalized, compared with 57.6%inthe
post-PCV13 phase, and median length of
hospital stay increased from 3 days to
4, although neither of the 2 variables
was significantly different across the 2

TABLE 3 Characteristics of Children With VT-IPD and NVT-IPD

VT-IPD, NVT-IPD, Unknown types-IPD, P
n (%) (n=116) n (%) (n=87) n (%) (n=250)
Patient characteristics

Age group .366
<2mo 3 (2.6) 3 (3.4) 3 (6)

2—-23 mo 58 (50) 51 (58.6) 28 (56)
2-5y 55 (47.4) 33 (37.9) 19 (38)

Male 59 (50.9) 51 (58.6) 30 (60) 320

Race 789
White 53 (45.7) 38 (43.7) 23 (46)

Black 13 (11.2) 9 (10.3) 6 (12)
Asian 6 (5.2) 3 (3.4) 2 (4)
American Indian 0 (0) 1(1.1) 0(0)
Other 14 (12.1) 9 (10.3) 3 (6)
Unknown 10 (8.6) 9 (10.3) 6 (12)
No response 20 (17.2) 19 (21.8) 10 (20)

Comorbidity 20 (17.2) 24 (27.6) 9 (18) 085
PGV immunization 145
Up to date 66 (56.9) 59 (67.8) 25 (50)

Clinical features

Site of isolation 147
Cerebrospinal fluid 1(0.9) 1(1.1) 0 (0
Blood 108 (93.1) 84 (96.6) 47 (94)

Pleural fluid 4 (3.4) 0 (0) 1(2)
Synovial fluid 1(0.9) 0(0) 0(0)
Pancreatic fluid 0 (0) 1(1.1) 0(0)

No response 2(1.7) 1(1.1) 1(2)

Symptoms 58 (50) 38 (43.7) 22 (44) 397
Fever 41 (35.3) 26 (29.9) 16 (32)

Outcomes

Hospitalized 66 (56.9) 47 (54.0) 21 (42) 769

Length of hospital 4 (0-16) 3 (0-42) 3 (0-15) 519
stay, median (range, d)

Readmitted after discharge 6 (5.2) 1(1.1) 2 (4) 243

Mortality 3 (3.4) 1(2) 1.000

PEDIATRICS Volume 134, Number 2, August 2014

ARTICLE

phases (P =.333 and .210, respectively).
Logistic regression revealed no signifi-
cant association between vaccine phase
and hospitalization when age and gen-
der were controlled for (P = .241). We
found that 80.4% of children with comor-
bidities were hospitalized, compared with
90% of children without comorbidities
(P < .0001). After discharge, 4.2% in
the pre-PCV13 phase and 2.4% in the
post-PCV13 phase were readmitted
(P=.722). Mortality for all children pre-
PCV13 was 3.6% and post-PCV13 was
3.5% (P = 1.000). For children with
comorbidities, data were underpowered
to test the difference in mortality rates
between the 2 phases.

Whenwe compared hospitalization based
on vaccine type from both time periods,
96.9% of patients with VT-IPD were hos-
pitalized, compared with 54.0% of pa-
tients with NVT-IPD (P = .769; Table 3).
When we controlled for age and gender,
there was again no significant relation-
ship between VT and hospitalization (P =
651), nor for VT and number of days
hospitalized (P = .823). Children with
comorbidities were hospitalized a me-
dian of 3 days and a range of 0to 42 days,
whereas children without comorbidities
were hospitalized a median of 0.5 days
and a range of 0 to 22 days (P = .0001).
Readmission was 5.2% in the VI-IPD
group and 1.1% in the NVT-IPD group
(P = 243). Based on vaccine type, mor-
tality was 4.3% of patients with VI-IPD
and 34% in those with NVT-IPD (P =
1.000). Adjusting for comorbidity sta-
tus, VT was not significantly associated
with readmission, hospitalization, or
mortality rates (P =502, .140, and .241,
respectively).

DISCUSSION

Before the introduction of PCV7, S.
pneumoniae caused ~65 000 deaths in
the United States, with highest rates in
young children and older adults.#10 The
7 pneumococcal serotypes chosen for
the first conjugate vaccine accounted
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for >80% of invasive pneumococcal
infections in children in the United
States'! and also targeted the serotypes
with the highest antimicrobial re-
sistance rates.'2 After licensure of PCV7
in 2000, rates of IPD fell from an average
of 24.3 cases per 100000 persons in
1998 and 1999 to 17.3 per 100000 in
2001.'3 There was a 76% decrease in IPD
among children <5 years old, with the
largest decline seen in children <2
years of age.'3'4 However, IPD caused by
non-PCV7 serotypes increased 140%.'
The most common non-PCGV7 replace-
ment serotype was serotype 19A, which
increased 324% in children <5 years
old,’s accounting for 28% of isolates
among Alaskan Native children' and
46% of non-PCV7 serotypes across 8
children’s hospitals nationwide."”

In addition, there has been a shift in the
spectrum of disease caused by non-PGV7
serotypes. Before PCV7, serotype 19A
was a common colonizer in the naso-
pharynx'® and the ninth most common
cause of IPD in young children.'”.19 After
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PCV7 was introduced, pneumococcal
nasopharyngeal colonization from se-
rotype 19A increased as children re-
ceived more doses of PCV7, as did cases
of otitis media caused by multidrug-
resistant strains of serotype 19A2' A
500% increase in cases of acute mas-
toiditis was attributed to serotype 19A.21
These cases were more likely to present
with subperiosteal abscess and more
likely to necessitate intraoperative
mastoidectomy.2! Pneumococcal bac-
teremia caused by a vaccine-related
serotype, part of the same serogroup
but not same serotype in the vaccine,
increased from 6% to 35% after PCV7
was introduced, with serotype 19A
showing the greatest increase?? The
adaptation of pneumococci to the se-
lective pressure of vaccination may re-
sult in a different clinical spectrum of
disease.

The profile of children with IPD has also
changed in the PCV7 era, where the
mean age is higher than before, and the
majority of these children are healthy,

®pre-PCVI3

OPost-PCV13

Levofloxacin Moxifl Chk

with no recognized risk factors.1923
However, the percentage of children
with IPD and an underlying comorbid
condition increased from an average of
30% pre-PCV7 to >40%."" In Massachu-
setts, a review of IPD cases over a 6-year
period revealed that 16% of IPD cases
occurred in children with comorbidities,
with a 30% increase per year of life in the
relative risk of having a high-risk con-
dition in this population.® In our study,
the absolute numbers of pediatric
patients with IPD decreased by 49%, but
the proportion of patients with comor-
bidity increased by 17%, although these
changes were not considered statisti-
cally significant. In addition, among
patients with comorbidities who had IPD,
a higher proportion of cases were
caused by NVT isolates. This finding is
similar to that of a study in England and
Wales that showed NVT to be a more
prevalent cause of IPD in children with
chronic diseases and to be associated
with greater mortality.2* The reason for
this finding remains unknown, because
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NVT isolates are not considered to be as
invasive or as prevalent as VI-IPD.2%

Given that part of the aim in formulating
PCV7 was to include serotypes associated
with antimicrobial resistance, one would
expect a decrease in antimicrobial re-
sistance in pneumococcal isolates in the
post-PCV era. We found a decrease in
antimicrobial resistance among pneu-
mococcal isolates, a result similar to
those of other studies showing that an-
tibiotic resistance among all isolates had
decreased significantly overall2® How-
ever, we found that NVT isolates were
overall more susceptible than VT isolates,
which is not consistent with the greater
antimicrobial resistance noted among
NVT isolates in a nationwide study in-
volving 38 states in the post-PCV7 era. 2827

Serotype replacement in the nasophar-
ynx since the introduction of PCV7 has led
to disease caused by NVT isolates,?8
whose associated features and morbid-
ity have been less well described.2930
However, taking hospitalization, length of
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hospitalization, readmission, and mor-
tality as correlates of severity of disease,
we were unable to show statistically
significant differences in severity caused
by serotype, although a trend toward
lesser severity in NVT-IPD is visible.

This study is limited in that there were
numerous missing data points, thereby
making statistical analyses difficult.
Because this study was restricted to
a limited dataset, we were unable to
examine additional variables; therefore,
the quality of data depended on how
completely and meticulously the health
care workers filled out the case report
form. In addition, the study phase was
initiated within 6 months of introduc-
tion of PCV13 into the community,
making it difficult to identify trends in
such a short time span. We have not
accounted for differences in clinical
management or potential improve-
ments in health care during this pe-
riod, which could potentially confound
the results.

Levofloxacin
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CONCLUSIONS

We present population-based data that
show a statistically significant decrease in
rates of IPD and of IPD caused by vaccine-
related serotypes since the introduction of
PCV13. The data support a reduction in
overall morbidity for invasive pneumo-
coccal disease, with a trend toward chil-
dren with underlying illness, and show
that those with comorbid conditions have
greater morbidity. Children with comor-
bidities were more likelyto be hospitalized
and to have longer hospital stays. Con-
tinued surveillance will reveal whether
the trend toward less severe disease is
sustained and whether morbidity is
greater in patients with an underlying
condition. Routine vaccination with PGV13
may not be sufficient to reduce the risk of
invasive disease in patients with comor-
bidity, and administering 23-valent pneu-
mococcal polysaccharide vaccine to all
children with comorbidity at the earliest
acceptable age should be considered.
As health care continues to improve
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outcomes for children with chronic and
comorbid conditions, preventive strate-
gies targeting these at-risk populations
must be considered.
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