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Abstract

Background—In 2010, a 13-valent pneumococcal conjugate vaccine (PCV13) replaced a 7-
valent vaccine (PCV7) that contained all PCV7 serotypes plus 6 additional serotypes (PCV6+).
We conducted annual surveys from 2008-2012 to determine the effect of PCV13 on colonization
by pneumococcal serotypes.

Methods—We obtained nasopharyngeal swabs for pneumococcal identification and serotyping
from residents of all ages at 8 rural villages and children age <60 months at 2 urban clinics. We
conducted interviews/medical records review for all participants.

Results—A total of 18,207 nasopharyngeal swabs (rural=16,098; urban=2,109) were collected.
From 2008-2012, 84% of rural and 90% of urban children age <5 years were age-appropriately
vaccinated with a PCV. Overall pneumococcal colonization prevalence remained stable among
rural (66%) and urban (35%) children age <5 years, and adults age =18 years (14%). Colonization
by PCV6+ serotypes declined significantly among rural children age <5 years, urban children age
<5, and adults age =18 over the course of the study (25%-5%, 22%—9%, 22%—6%, respectively).
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Conclusions—PCV13 was rapidly introduced into the Alaska childhood immunization schedule
and reduced colonization by PCV6+ serotypes among children. Unvaccinated adults also
experienced comparable reductions in vaccine serotype colonization indicating substantial indirect
protection from PCV13.
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BACKGROUND

Alaska Native (AN) children suffer from high rates of invasive pneumococcal disease (IPD)
compared to other children in Alaska and children in the general United States (US)
population [1-4]. Nasopharyngeal colonization by Streptococcus pneumoniae is a
prerequisite for IPD [5]. A 7-valent pneumococcal conjugate vaccine (PCV7) was
introduced into the Alaska childhood immunization schedule in early 2001. Subsequently,
colonization and rates of IPD by vaccine-related pneumococcal serotypes decreased
dramatically among children receiving PCV7 and among unvaccinated adults [6, 7].
However, the overall community-wide prevalence of pneumococcal colonization remained
unchanged because of increased colonization by non- PCV7 serotypes, especially serotype
19A [8]. Correspondingly, rates of IPD caused by non12 vaccine serotypes increased,
thereby diminishing the overall beneficial impact of PCV7 [3]. The increase in non-PCV7
colonization observed in the AN population was similar to other U.S. studies, but the
increase in non-vaccine type IPD rates was greater than that seen for the overall US
population. [6, 9-13].

The Food and Drug Administration (FDA) approved a 13-valent pneumococcal conjugate
vaccine (PCV13, Prevnar-13®, Pfizer) for use in the US in 2010 that contained the 7
serotypes included in PCV7 (4, 6B, 9V, 14, 18C, 19F, 23F) plus 6 additional serotypes (1, 3,
5, 6A, 7F, 19A). The FDA licensure of PCV13 was based on immunogenicity trials that
demonstrated that vaccination with PCV13 generated an antibody response similar to that of
PCV7 [14, 15]. However, the impact of PCV13 on pneumococcal colonization, pneumonia
and invasive disease had not been directly demonstrated.

In 2008, anticipating the availability of PCV13, we started conducting annual cross2
sectional pneumococcal colonization surveys in urban and rural Alaskan communities. In
this paper, we used data from those surveys to describe changes in the prevalence of
pneumococcal serotypes colonizing the nasopharynx following universal vaccination of
children with PCV13.

METHODS

The study population consisted of a convenience sample of residents of all ages from 8 rural
villages (population range: 209-721 residents/village) located in the Yukon Kuskokwim
(YK), Norton Sound, and Bristol Bay regions of Alaska, and children age <60 months
presenting to 2 urban pediatrics clinics in Anchorage, Alaska (population: 291,826) [16].
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Village participants were excluded if they did not reside in the village for >3 weeks.
Children from the Anchorage pediatrics clinics were excluded if they lived outside the
Anchorage metropolitan area or if another child from the same household had already been
recruited into the study.

Alaskan children were offered PCV7 through March 2010. Starting April 1, 2010, the State
of Alaska stopped using PCV7 and began vaccinating all children with PCV13 according to
ACIP guidelines [14]. However, a small proportion of children age <5 years at two YK
villages received PCV13 starting in January 2009 as part of a different Pfizer-sponsored
open-label clinical trial [17]. The PCV13 and PCV7 schedules were the same: a 3-dose
primary series (2, 4, 6 months of age) and a booster dose at 12—-15 months. For children who
had partially completed the PCV7 series, their subsequent doses were PCV13. A
supplemental vaccination program was enacted to provide children age 14-59 months with a
single dose of PCV13 if they had not received any prior PCV13.

For data collection, research staff traveled to each village/clinic annually (at the same time
of year for each site) to enroll participants from 2008-2012. Demographic information and
antibiotic use history were obtained by interviewing participants and confirmed by medical
records review; participants’ vaccination status was determined by medical records review
alone. A swab specimen was obtained from the posterior nasopharynx of each participant by
using a nylon fiber flocked swab (Copan Diagnostics, Corona, CA) and placed immediately
into culture medium containing skim milk-tryptone-glucose-glycerin (STGG) for
transportation on ice packs to the laboratory in Anchorage for analysis [18].

Standard laboratory methods used to identify and serotype S. pneumoniae isolates have been
previously described [19]. Briefly, 50 pl of the STGG specimens were plated onto trypticase
soy agar supplemented with 5% sheep blood containing 10ug/ml of gentamicin (BAP) and
incubated at 37°C in 5% CO,. After 18-24 hours of incubation, pneumococci were
identified by colony morphology, susceptibility to optochin, and bile solubility. We did not
systematically test for colonization with multiple serotypes. However, if two
morphologically distinct colonies were identified, each colony was subcultured onto
separate BAP and assigned a different colony number. From 2008-2010, pneumococcal
isolates were serotyped by latex agglutination and confirmed by the Quellung reaction.
Starting in 2011, a different algorithm for serotyping pneumococcal isolates was
implemented that involved first using a series of 6 sequential multiplex polymerase chain
reaction (PCR) assays with primers for a total of 42 serogroups/serotypes [19]. Primers
representing the most prevalent serotypes from the previous year were grouped together so
that the most common serotypes would be detected in the first 3 PCR reactions; once a
serotype was identified, the remaining reactions were not performed. The first PCR reaction
included primers for the cps gene locus; isolates negative for cps were classified as
nontypeable or serotype 38 and confirmed as such by the Quellung reaction. Isolates whose
serotype could not be resolved by PCR underwent testing by latex agglutination and
Quellung.

For statistical analyses, Pearson’s chi square test was used to assess changes in the
frequencies of specific serotypes between two periods by 3 age groups: <5 years, 5-17
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years, =18 years. We defined period 1 as the 2 years when all children received PCV7
(2008-2009) and period 2 as the 2 years when all children received PCV13 (2011-2012).
Isolates collected during 2010 when the immunization schedule transitioned from PCV7 to
PCV13 or from children at the YK villages who received PCV13 during 2009 were not
included in this analysis. Because of the large number of individual serotypes tested, a
Bonferroni correction was used to account for multiple comparisons and a p-value of <0.002
was considered statistically significant. For all other statistical tests conducted, the
traditional value of 0.05 was used to report statistical significance. The Cochran Armitage
test was used to evaluate trends across all 5 study years. We determined the vaccine
effectiveness (VE) for reducing colonization by one of the 6 additional serotypes included in
PCV13 (PCV6+ serotype) among rural children age <5 years old by using this formula [20]:

VE=[(P1-P2)/P1] x 100

where P1 = proportion of non-vaccinated rural children colonized with a PCV13 serotype in
2010, and P2 = proportion of vaccinated rural children colonized with a PCV13 serotype
during 2011 or 2012.

This study was approved by the Centers for Disease Control and Prevention (CDC) and
Alaska Area Institutional Review Boards. Additional approval was obtained from the Alaska
Native Tribal Health Consortium and the participating regional tribal health organizations.
Written informed consent for participation was obtained from all adults and legal guardians
of children. Written assent was obtained from children age 7-17 years.

Demographics

During 2008-2012, 18,207 nasopharyngeal swabs were collected (mean: 3,641 participants/
year). Of those swabs, 16,098 were from the 8 rural sites (range: 2,422-3,459 participants/
year) and 2,109 were from the 2 urban pediatrics clinics (range: 300455 participants/year)
(Table 1). The overall participation rate by residents in the 8 villages over the 5-year study
period was 74.5% and ranged from 57.9%-91.8%/village/year. Among rural participants,
14% were age <5 years, 34% were age 5-17 years, and 52% were age =18 years; all urban
participants were age <5 years. Among those <5 years old, rural children were older than
urban children (median age: 2.5 years versus 2.1 years, p < 0.0001), were more likely to live
in an overcrowded home with >2 household members/room (38% versus 4%, p < 0.0001),
and were less likely to have in-home piped water service (52% versus 100%, p < 0.0001).
Almost all (99%) rural participants were AN compared to 51% of urban participants. Other
commonly represented races in the urban study population were White (36%), Asian/Pacific
Islander (7%), and African American (4%). Fifty percent of rural children <5 years old and
29% of urban children received antibiotics <90 days prior to study enrollment; those
proportions were similar prior to and after PCV13 introduction.
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Vaccine coverage

Children were defined as age-appropriately vaccinated with PCV by using an algorithm
based on ACIP guidelines (Table 2). Among children age <5 years, 81%-89% (range/year)
of rural children and 89%—-92% (range/year) of urban children were age-appropriately
vaccinated with a PCV during the 5-year study period (Figure 1). During January, 2009-
April, 2010, only 2% (6/289) of study participants age <5 years in the YK had received =1
dose of PCV13. At the other study sites in 2010, 100% of urban and 30% of rural study
participants were recruited before PCV13 was introduced into the vaccine schedule. In 2011,
92% of rural children (range: 76%-100%/Vvillage) and 80% of urban children had received
>1 dose of PCV13 and that proportion increased to 98% (range: 95%—-100%/ village) and
91%, respectively, by 2012. Among rural children age 15-59 months, 47% and 32%
received a supplemental dose of PCV13 in 2011 and 2012, respectively. For urban children
of the same age, 42% and 31% received a supplemental dose of PCV13 in 2011 and 2012,
respectively.

From 2008-2012, 80% of rural children (range: 73%-86%/year) and 90% of urban children
(range 86%—95%/year) age 19-35 months received =4 doses of a PCV. By comparison, data
from the National Immunization Survey (NIS) in 2011 for children age 19-35 months
estimated that 86% (95% confidence interval [CI]: 76%—-96%) of AN children, 78% (95%
Cl: 72%-84%) of Alaskan children (all races), and 84% (95% CI: 83%—-85%) of children in
the general US population had received =4 doses of a PCV [21].

Trends in serotypes colonizing the nasopharynx

The proportion of participants colonized with pneumococci remained stable during the study
period, although it differed by age and geographic location (Figure 2). The average
colonization prevalence from 2008-2012 was 66% (range: 62%—-69%/year) for rural
children age <5 years, 35% (range: 32%-40%/year) for urban children age <5 years, and
14% (range: 13%—-15%/year) for adults age =18 years. Between period 1 and period 2, there
were no significant differences in pneumococcal colonization prevalence between urban AN
children and non-AN children age <5 years (data not shown).

A total of 36 different pneumococcal serotypes were identified and 9% of isolates were
nontypeable (Table 3). The prevalence of PCV13 serotypes declined significantly in all age
groups from period 1 to period 2, largely because of a decrease in colonization by PCV6+
serotypes which comprised >90% of vaccine-related isolates. The prevalence of colonization
by PCV6+ serotypes during the study period was similar each year between urban AN
children and urban non-AN children age < 5Syears (data not shown). Serotype 19A was the
most prevalent PCV13 serotype in period 1; it decreased significantly in all age groups,
especially among children <5 years old (19% of all isolates in period 1 to 7% in period 2).
VE of PCV13 in reducing colonization among rural children age <5 years by a PCV6+
serotype was 65%.

Colonization by a PCV7 serotype was low and did not increase during the study period,
except for those age 5-17 years. Serotype 19F accounted for the majority of PCV7
serotypes. Among those age 5-17 years in particular, the proportion colonized by serotype
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19F increased significantly from 0.3% of all pneumococcal isolates in period 1 to 5% in
period 2. Of the 52 participants age 5-17 years colonized by serotype 19F in period 2, 49
(94%) of them lived in 3 villages situated in the YK region. Among children age 5-7 years,
99% had received =3 doses of a PCV during period 1 compared with 98% during period 2
(children age >7 years were excluded from analysis during period 1 because PCV7 was not
available prior to 2001).

Trends in the proportion colonized by a PCV6+ serotype were assessed among adults living
in a household with or without a PCV13-vaccinated child age <5 years, and among children
age <5 years who did and did not receive =1 dose of PCV13 (Table 4). The prevalence of
PCV6+ colonization declined by 79% among rural adults with children <5 years of age in
their household during the 5-year study period (from 27% in 2008 to 6% in 2012; P<0.0001
for trend). During that same period, adults living in households without children age <5
years also experienced a 63% reduction in colonization by PCV6+ serotypes (from 17% in
2008 to 6% in 2012; P=0.007 for trend). The prevalence of PCV6+ colonization decreased
by 75% from 2010- 2012 among rural children who received =1 dose of PCV13 (from 24%
to 6%; P=0.0002 for trend). PCV6+ colonization did not decline significantly among rural
children who did not receive any PCV13 doses.

DISCUSSION

Widespread vaccination with PCV7 led to decreased colonization and, subsequently, lower
IPD rates caused by vaccine-serotypes. Alaska Natives remained at higher risk for IPD
compared to non-Native Alaskans because of an increase in disease caused by non-PCV7
serotypes [6]. By 2009, the 6 additional serotypes included in PCV13 accounted for 55% of
all IPD cases in Alaska according to CDC. The proportion of Alaskan children age-
appropriately vaccinated was high and comparable with children in the general US
population. Vaccinating children with PCV13 resulted in decreased colonization by vaccine
serotypes directly among children and indirectly among unvaccinated adults during 2011-
2012.

This study demonstrates that widespread use of PCV13 can provide indirect protection to
non-vaccinated adults. Children have the highest prevalence of pneumococcal colonization
and commonly transmit S pneumoniae to adult household members [7, 22—-24]. Vaccinating
children provides indirect protection to adults by interrupting this chain of transmission. In
our study, rural adults did not receive PCV13, yet they experienced a 4-fold reduction in
colonization by a PCV6+ serotype. Moreover, the reduction in colonization by a PCV6+
serotype among adults who lived in households with children aged <5 years was similar to
adults who did not (74% versus 76%). These results imply that the prevalence of adult
pneumococcal colonization in rural Alaska depends more on community-level interactions
between children and adults than household-level interactions. Thus, vaccinating children
with PCV13 appears to have interrupted community-wide pneumococcal transmission to
adults. We were unable to determine whether the magnitude of the indirect vaccine effect is
the result of attributes unique to AN communities (e.g., small populations or more extensive
contact with others outside the household) because this study did not include an urban adult
comparison group.
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Within the study population, there were substantial differences in the prevalence of
pneumococcal colonization by geography and age. Rural children age <5 years were
predominantly AN and were twice as likely to be colonized by Streptococcus pneumoniae
compared with urban children. However, overall pneumococcal colonization among urban
AN children age <5 years was similar to urban non-AN children in our study and to
pediatric populations in other studies [9, 11]. Therefore, the increased risk for colonization
among AN children in Alaska likely reflects social and environmental risk factors associated
with living in rural Alaska. Children living in rural Alaska are more likely to experience
household crowding and lack of access to in-home piped water. These conditions have been
demonstrated to increase the risk for respiratory tract infections and IPD in AN people [8,
25]. By comparison, access to in-home piped water in Anchorage is similar to other urban
communities in the US. Further, the disparity in colonization between rural and urban
children is likely an underestimate. Antibiotics eradicate susceptible pneumococci and result
in lower overall pneumococcal colonization [26, 27]. A higher proportion of rural children
had received antibiotics <90 before study enrollment, which could have suppressed the
prevalence of pneumococcal colonization to a greater extent in rural children than in urban
children. In addition, the prevalence of pneumococcal colonization among rural children age
<5 years was four-fold higher than rural adults age >18 years. These findings are consistent
with the documented age-dependent risk for pneumococcal colonization that peaks in early
childhood [28].

Trends in vaccine-related serotypes 19F and 19A are noteworthy. Serotype 19F represented
the majority of PCV7 serotypes colonizing the nasopharynx in period 1. These finding
corroborate previous findings that PCV7 was least effective in reducing colonization by
serotype 19F [8]. PCV13 does not appear to reduce serotype 19F colonization more than
PCV7 since its prevalence remained unchanged for those aged <5 years. Furthermore, there
was a resurgence of colonization by serotype 19F among participants age 5-17 years during
period 2. Decreasing vaccine effectiveness with increasing age cannot explain this
observation for two reasons. First, the proportion of participants age 5-17 years during
period 1 who were colonized with serotype 19F was substantially lower compared with
period 2 even though a similar proportion of children were vaccinated during both periods.
Additionally, the resurgence of serotype 19F should have been observed in all geographic
regions if it resulted from reduced vaccine effectiveness, not just in the 3 YK region
villages. The reasons for this regional increase in serotype 19F colonization are unclear. In
this study, serotype 19A was the predominant serotype in period 1, and its prevalence
decreased substantially by period 2. It is not clear if the prevalence of serotype 19A
colonization has plateaued or will continue to decline.

This study had certain limitations. First, only 2 years of data were available for analysis after
PCV13 introduction, so we cannot exclude the possibility that the observed changes resulted
from natural year-to-year variations in serotype distributions unrelated to the vaccine.
However, the decline in prevalence of vaccine-related serotypes are consistent with
expectations based on observations following PCV7 introduction [6, 9, 11, 29].
Additionally, there were no changes in key risk factors for pneumococcal colonization (e.g.,
antibiotic use <90 days of swab collection) in the study populations between the two
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periods. Therefore, widespread vaccination with PCV13 is the most plausible explanation
for the results observed in this study. Second, study participants were voluntarily recruited
and do not represent a random sample. Among the rural participants, this concern is
mitigated by the fact that most (60%—-92%) residents in each village enrolled in the study
annually, and the study villages are representative of most AN villages. Because living and
environmental conditions in Anchorage are similar to other urban communities in the US,
the pneumococcal colonization among urban children in our study should be comparable
with results from carriage studies conducted in other clinic based populations. Finally, other
risk factors for pneumococcal colonization, such as day care attendance or underlying
medical conditions, were not accounted for and could have confounded the results. Although
it is unclear how any of these factors would have resulted in the serotype-specific changes
noted in our study.

This study is among the first to describe the changing epidemiology of pneumococcal
colonization following universal vaccination with PCV13. Additional years of data should
be collected to understand the full efficacy of the vaccine and to determine whether the
reduced prevalence of PCV6+ serotypes will be sustained. The increase in colonization by
non-vaccine serotypes is of concern because this might result in increased rates of IPD.
Therefore, ongoing IPD surveillance is necessary in order to monitor the impact of emerging
serotypes.
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Pneumococcal conjugate vaccination (PCV) status among urban and rural children aged <5
years — Alaska, 2008-2012

Abbreviations: PCV13, 13-valent pneumococcal conjugate vaccine; UTDAge, vaccination
status up-to-date for age with PCV7 or PCV13 according to Advisory Committee on
Immunization Practices recommendations

aAmong urban children receiving 1 dose of PCV13 in 2011 and 2012, 60% and 63%
respectively of were aged >15 months and received PCV13 as a supplemental dose after
completing an age-appropriate vaccination schedule with PCV7
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bAmong rural children receiving 1 dose of PCV13 in 2010, 2011 and 2012, 9%, 59% and
54% respectively of were aged >15 months and received PCV13 as a supplemental dose
after completing an age-appropriate vaccination schedule with PCV7
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Figure 2.

Prevalence of nasopharyngeal colonization by S. pneumoniae (SP) by age and geographic
location — Alaska, 2008-2012

Note: Arrow indicates the yearPCV13 became available in Alaska

@Prevalence shown only for the 6 new serotypes included in the 13-valent pneumococcal
conjugate vaccine because the prevalence of the other 7vaccine serotypes were low and did
not decline during the study period.
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Table 1

Characteristics of rural and urban participants — Alaska, 2008-2012

Characteristics

Geographic location

Rural, No., % Urban, No., %
Total No. nasopharyngeal swabs 16098 2109
Mean number persons/family household? (range) (standard deviation) 6.6(2,19) (2.8) 4.5(2,18)(1.8)
Mean number rooms in family homesaP (range) (standard deviation) 4.1(1,9)(1.4) 54(1,15)(1.9)
% of overcrowded homes® 38% 4%
% of homes with running water 52% 100% d
Age group
<5 years 2201 (14%) 2109 (100%)
5-17 years 5561 (34%)
>18 years 8336 (52%)
Male sex 8220 (51%) 1132 (54%)
Race
Al/AN 15953 (99%) 1098 (51%)
Asian/PI 9 (0.1%) 146 (7%)
White 12 (0.1%) 770 (36%)
African American 3(<0.1%) 92 (4%)
Other 90 (0.6%) 32 (1%)
Unknown 31 (0.2%) 28 (1%)
Pneumococcal colonization
<5 years 1445 (66%) 745 (35%)
5-17 years 2665 (48%) None
>18 years 1183 (14%) None
2 morphologically distinct colonies 225 (1%) 22 (1%)
Among children <5 years of age (n=2201) (n =2109)
Antibiotic use <90 days 50% (1094) 29% (605)
>1 dose of a PCVE 2139 (97%) 2079 (99%)
Age-appropriately vaccinated®f 84% (1811/2152) | 90% (1884/2100)
>4 PCV dosesd 80% (504/632) 90% (497/550)

Page 15

Abbreviations: AI/AN, American Indian/Alaska Native; No., number; NP, nasopharyngeal; PCV, pneumococcal conjugate vaccine; P, Pacific

Islander

aFamily household defined as households with = 1 child < 5 years of age.
bLiving rooms excluding bathrooms and closets

cOvercrowded defined as >2 household members/living room

dFrom US Census 2010.

eAmong participants aged 6 weeks-5 years
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According to Advisory Committee on Immunization Practices recommendations for PCV

gAmong participants aged 19-35 months
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Algorithm used to determine whether child had received age-appropriate number of pneumococcal conjugate
vaccine (PCV) doses at time of submitting nasopharyngeal swab?

If child age at time of culture date (months):

Then age-appropriately vaccinated if received:

3 1 PCV dose

4 >1 PCV doses

5 2 PCV doses

6 >2 PCV doses

7-12 3 PCV doses

12-15 >3 PCV doses, if first dose at age <6 months
22 PCV doses, if first dose at age 7-12 months
>1 PCV doses, if first dose at age =12 months

16-23 4 PCV doses, if first dose at age <6 months and 1 dose was received at 212 months
23 PCV doses, if first dose at age 7-12 months and 1 dose was received at =212 months
>2 doses PCV doses at >1 year of age

>24 4 PCV doses, if first dose at age <6 months and 1 dose was received at 212 months

>3 PCV doses, if first dose at age 7-11 months and 1 dose was received at =12 months
>2 PCV doses at =1 years of age
21 PCV doses at =2 years of age

a . . - . .
Based on the Advisory Committee on Immunization Practices recommendations.
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