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Abstract

Background—We describe the relative impact of the heptavalent pneumococcal conjugate 

vaccine (PCV7, introduced 2001) and antibiotic use on colonization by antibiotic resistant 

pneumococci in urban Alaskan children during 2000–2010.

Methods—We obtained nasopharyngeal swab specimens from a convenience sample of children 

aged <5 years at clinics annually during 2000–2004 and 2008–2010. PCV7 status and antibiotic 

use <90 days before enrollment was determined by interview/medical records review. 

Pneumococci were characterized by serotype and susceptibility to penicillin (PCN). Isolates with 

full PCN resistance (PCN-R) or intermediate PCN resistance (PCN-I) were classified as PCN-NS.

Results—We recruited 3,496 children (median: 452/year). During 2000–2010, a range of 18–

29%/year of children used PCN/amoxicillin (p-value for trend [p] = 0.09); the proportion age-

appropriately vaccinated with PCV7 increased (0%–90%; p <0.01). Among pneumococcal 

isolates, the PCV7-serotype proportion decreased (53%–<1%; p <0.01) and non-PCV7–serotype 

proportion increased (43%–95%; p <0.01). PCN-R pneumococcal colonization prevalence 

decreased (23%–9%, p <0.01) and PCN-I pneumococcal colonization prevalence increased (13%–

24%, p <0.01); overall PCN-NS pneumococcal colonization prevalence was unchanged. PCN-NS 

among colonizing PCV7-type and non-PCV7-type pneumococci remained unchanged; a mean of 

31%/year of PCV7-type and 10%/year of non-PCV7-type isolates were PCN-R, and 10%/year of 

PCV7 and 20%/year of non-PCV7-type isolates were PCN-I.
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Conclusions—Overall PCN-NS pneumococcal colonization remained unchanged during 2000–

2010 because increased colonization by predominantly PCN-I non-PCV7 serotypes offset 

decreased colonization by predominantly PCN-R PCV7 serotypes. Proportion PCN-NS did not 

increase within colonizing pneumococcal serotype-groups (PCV7 versus non-PCV7) despite 

stable penicillin use in our population.
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INTRODUCTION

Streptococcus pneumoniae is a leading cause of infections in children such as otitis media, 

pneumonia, and meningitis.1 Therefore, understanding and controlling pneumococcal 

resistance to antibiotics is an important clinical and public health challenge. Young children, 

especially those aged <2 years, are at highest risk for pneumococcal colonization because of 

their immature immune response.2, 3 Asymptomatically colonized children play an 

important role in pneumococcal transmission to other children in settings such as daycare 

centers and to household adults.4, 5 Antibiotic use by individuals is widely believed to select 

for resistant bacteria by eradicating susceptible bacteria and allowing for resistant bacteria to 

expand and fill the niche; subsequent transmission of resistant bacteria results in an 

increased prevalence of resistant bacteria in a population.6, 7

Prior to introduction of the 7-valent pneumococcal conjugate vaccine (PCV7), the serotypes 

included in PCV7 accounted for the majority of antibiotic resistant pneumococci.8 In Alaska 

during the pre-PCV7–era, 60% of invasive pneumococcal isolates that were nonsusceptible 

to penicillin (PCN), trimethoprim-sulfamethoxazole (TMP-SMX), tetracycline, or 

erythromycin belonged to serotypes included in PCV7.9 The introduction of PCV7 was 

expected to reduce the prevalence of antibiotic resistant pneumococci. However, there was 

concern that sustained antibiotic use would result in increased resistance among nonvaccine 

pneumococcal serotypes.10

Previous studies have separately evaluated the impact of antibiotic use on the risk for 

resistant pneumococcal colonization or the impact of widespread PCV7 vaccination on the 

prevalence of resistant pneumococcal colonization.11–17 The objective of our study is to 

evaluate the combined influence of antibiotic use (penicllins and trimethoprim-

sulfamethoxazole [TMP-SMX]) and PCV7 vaccination in determining the prevalence of 

colonization by pneumococci resistant to those antibiotics in urban Alaskan children during 

2000–2010 (the period in which PCV7 was used in the United States).

METHODS

Participants

PCV7 was introduced in Alaska in January 2001. Children in Alaska received PCV7 

according to the immunization schedule recommended by the Advisory Committee on 

Immunization Practices (ACIP).18 During 2000–2004 and 2008–2010, we conducted annual 
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cross-sectional pneumococcal colonization surveys among children aged 3 months to 5 

years. We recruited a convenience sample of children presenting for sick or well-child visits 

to general pediatric clinics in Anchorage, Alaska (3 clinics during 2000–2004, 2 clinics 

during 2008–2010 chosen by convenience). We excluded children living outside of the 

Anchorage metropolitan area (as defined by the Alaska State Department of Labor and 

Workforce) or if another child from the same household was already enrolled in the study.

The study was approved by the Institutional Review Boards of the Alaska Native Tribal 

Health Consortium in Anchorage, Alaska and the Centers for Disease Control and 

Prevention in Atlanta, Georgia. Written informed consent was obtained from each child’s 

parent.

Procedures

Data collection occurred in December and the following January of each year. We 

interviewed each child’s parent/guardian to obtain social and demographic information such 

as date of birth, sex, number of rooms, and persons in each household, and daycare/school 

attendance <30 days prior to study enrollment. In addition, we asked each child’s parent/

guardian about antibiotic use <90 days prior to study enrollment, including antibiotics 

received elsewhere other than the study clinic. Each child’s medical record was reviewed to 

identify any PCN (including amoxicillin) or TMP-SMX use <90 days prior to study 

enrollment (i.e., recent antibiotic use) and to determine the dates of prior PCV7 vaccine 

doses. A sterile calcium-alginate tipped swab (Calgiswab type 1; Harwood Products) (2000–

2004) or nylon fiber flocked swab (Copan Diagnostics, Corona, CA) (2008–2010) was 

inserted through the nose into the posterior nasopharynx of each child and immediately 

plated onto a gentamicin-blood agar medium (2000–2004) or media containing skim milk-

tryptone-glucose-glycerin (STGG) (2008–2010) for transportation to our laboratory.19, 20

Streptococcus pneumoniae were identified in the laboratory by bile solubility and optochin 

sensitivity when plated on gentamicin-blood agar medium.21 Pneumococcal serotype was 

determined by latex agglutination and the Quellung reaction. The minimal inhibitory 

concentration (MIC) of pneumococcal isolates to PCN and TMP-SMX were determined by 

Etest (bioMérieux Clinical Diagnostics). Isolates were classified as susceptible to PCN 

(PCN-S) if MICs ≤ 0.064 mcg/mL, resistant to PCN (PCN-R) if MICs >1 mcg/mL, 

intermediate susceptibility to PCN (PCN-I) if MICs > 0.064–≤1 mcg/mL.22 Isolates 

sensitivity to TMP-SMX was determined by their sensitivity to trimethoprim and were 

classified as susceptible to TMP-SMX (TS-S) if MICs <1 mcg/mL, resistant to TMP-SMX 

(TS-R) if MICs ≥4 mcg/mL, and intermediate susceptibility to TMP-SMX (TS-I) if MICs = 

1–4 mcg/mL. PCN-I/PCN-R isolates were defined as nonsusceptible to PCN (PCN-NS) and 

TS-I/TS-R isolates were defined as nonsusceptible to TMP-SMX (TS-NS).

Statistical analysis

In order to determine whether children were age-appropriately vaccinated with PCV7, we 

developed an algorithm based on ACIP guidelines (algorithm available from the authors).18 

Children living in homes with ≥1.5 persons/room were defined as living in a crowded 

household. We evaluated for changes in the prevalence of key study outcomes over the 
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study period by using the Cochran-Armitage test of trend. For analysis, the 7 serotypes 

included in PCV7 (4, 6B, 9V, 14, 18C, 19F, 23F) were grouped together and classified as 

PCV7-serotype pneumococci, the serotypes not included in the vaccine were classified as 

non-PCV7-serotype pneumococci, and pneumococcal isolates where a serotype could not be 

determined were classified as non-typeable pneumococci. We used the likelihood-ratio χ2 

statistic to test for differences in pneumococcal colonization between children with and 

without antibiotic use and the Mantel-Haenszel estimator to adjust prevalence ratios for 

study year. We used log-binomial regression to adjust prevalence ratios for age, sex, day-

care attendance, and PCV7 status. All p-values are two-sided and exact when sample sizes 

necessitated. Statistical tests were run in SAS version 9.3 (SAS Institute, Cary, NC) or 

StatXact version 9.0 (Cytel Software Corporation, Cambridge, MA).

RESULTS

We recruited a total of 3,496 children (median: 452 children/year) during 2000–2004 and 

2008–2010 (Table 1). Among children recruited in our study, 51% were male over all study 

years and that proportion increased from 48% in 2000 to 56% in 2010 (p-value for trend = 

0.05). By age, 51% of children recruited were aged <2 years; the proportion of children aged 

<2 years increased during the study period (p-value for trend = 0.02). The proportion of 

children attending daycare/school (35%), living in a crowded household (9%), using PCN or 

TMP-SMX <90 days of enrollment (24% and 4%, respectively) did not change significantly 

over the study period.

The proportion of children age-appropriately vaccinated with PCV7 increased from 0% in 

2000 to 90% in 2010 (p-value for trend <0.01) (Figure 1). The prevalence of pneumococcal 

colonization remained stable between 33% and 44% during the study period (p-value for 

trend = 0.10). The proportion of PCV7-serotype pneumococci among pneumococcal isolates 

decreased from 53% to 1% and the proportion of isolates that were non-PCV7–serotype 

pneumococci increased from 43% to 95% (p-value for trend <0.01). The proportion of 

nontypeable pneumococcal isolates (i.e., isolates that were optochin sensitive and bile 

soluble but for which a serotype could not be determined by latex agglutination/Quellung 

reaction or multiplex PCR) remained stable at <10%/year over the study period (p-value for 

trend = 0.50).

The proportion of pneumococcal isolates that were PCN-R decreased from 22.7% to 9.4% 

(p-value for trend <0.01) and the proportion of PCN-I isolates increased from 12.8% to 

23.8% (p-value for trend <0.01) from 2000 to 2010; overall, there was no change in the 

proportion of isolates that were PCN-NS (range: 28.0%–37.4%; p-value for trend = 0.48) 

(Table 2). During 2000–2004, there was no change in the proportion of PCV7-serotype 

pneumococcal isolates that were PCN-R (range: 24.4%–42.0%; p-value for trend = 0.71), 

PCN-I (range: 7.6%–13.3%; p-value for trend = 0.73), or PCN-NS (range: 37.8%–52.0%; p-

value for trend = 0.57); there were only 7 PCV7-serotype isolates during 2008–2010 for 

analysis and therefore were excluded from this analysis. During the study period, there was 

no change in the proportion of non-PCV7–serotype pneumococcal isolates that were PCN-R 

(range: 6.8%–13.3%; p-value for trend = 0.84), PCN-I (range: 14.6%–23.7%; p-value for 

trend = 0.18), or PCN-NS (range: 21.4%–35.6%; p-value for trend = 0.19). Prior to 
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introduction of PCV7 (2000 only), non-PCV7 serotypes were less likely to be PCN-R than 

PCV7 serotypes (10.8% vs. 31.5%, prevalence ratio [PR] = 0.3, 95% CI: 0.2–0.7) and with 

no difference in PCN-I prevalence (16.2% vs. 7.66%, PR = 2.1, 95% CI: 0.9, 5.1).

A multivariate logistic regression model for the trend in PCN resistance among all isolates 

adjusted for age, sex, day-care attendance, household crowding, and PCN use confirmed the 

trend towards a decrease in the proportion of isolates that were PCN-R (p-value for trend = 

0.01), an increase in the proportion of isolates that were PCN-I, and no change in isolates 

that were PCN-NS (p-value for trend = 0.31). Adding pneumococcal serotype (PCV7-

serotype versus non-PCV7–serotype) to that multivariate model eliminated any trends in 

resistance among all isolates during our study period (p-value for trend for proportion of 

isolates PCN-R, PCN-I, PCN-NS was 0.98, 0.54, and 0.62, respectively).

The proportion of pneumococcal isolates that were TS-R decreased from 33.7% in 2000 to 

12.7% in 2010 (p-value for trend <0.01) and the proportion TS-I remained unchanged 

(range: 4.4%–10.5%; p-value for trend = 0.95) during that time (Table 3). The proportion of 

TS-NS isolates declined during the study period from 44.2% to 19.3% (p-value for trend 

<0.01). There was no change from 2000 to 2004 in the proportion of PCV7-serotype 

pneumococcal isolates that were TS-R (range: 35.6%–46.0%; p-value for trend = 0.60), TS-I 

(range: 0%–14.1%; p-value for trend = 0.17), or TS-NS (range: 44.4%–60.0%; p-value for 

trend = 0.17). During 2000–2010, there was no change in the proportion of non-PCV7–

serotype pneumococci that were TS-R (range: 8.8%–22.2%; p-value for trend = 0.53), TS-I 

(range: 1.1%–7.9%; p-value for trend = 0.06), or TS-NS (range: 13.2%–24.3%; p-value for 

trend = 0.57). Prior to introduction of PCV7 (2000 only), non-PCV7 serotypes were less 

likely to be TS-R than PCV7 serotypes (18.9% vs. 45.7%, PR = 0.4, 95% CI: 0.2–0.7) and 

with no difference in TS-I prevalence (5.4% vs. 14.1%, PR = 0.4, 95% CI: 0.1–1.1).

A multivariate logistic regression model for the trend in TMP-SMX resistance among all 

isolates adjusted for age, sex, day-care attendance, household crowding, and TMP-SMX use 

confirmed the trend towards a decrease in the proportion of isolates that were TS-R (p-value 

for trend < 0.01) or TS-NS (p-value for trend <0.01), and no change in isolates that were TS-

I (p-value for trend = 0.78). Adding pneumococcal serotype (PCV7-serotype versus non-

PCV7–serotype) to that multivariate model eliminated any trends in resistance among all 

isolates during our study period (p-value for trend for proportion of isolates TS-R, TS-I, TS-

NS was 0.57, 0.22, and 0.33, respectively).

Serotype 19A emerged as the most prevalent non-PCV7 pneumococcal serotype after the 

introduction of PCV.23 The proportion of pneumococcal isolates that were 19A increased 

from 6% during 2000–2004 to 15% during 2008–2010 (p-value for trend = <0.01). During 

that same time period, the proportion of serotype 19A isolates that were PCN-R increased 

from 11% to 38% (p-value for trend = p<0.01), PCN-I decreased from 85% to 53% (p-value 

for trend <0.01), TS-R increased from 27% to 60% (p-value for trend = <0.01), and TS-I 

decreased from 13% to 3% (p-value for trend = 0.05).

We examined the prevalence and risk of pneumococcal colonization stratified by time 

between date of first PCN use and study enrollment (Figure 2 and Table 4). We detected a 
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time-dependent relationship between time since prior PCN use and colonization. Children 

with recent PCN use were more likely to be noncolonized by pneumococci, were less likely 

to have PCN-S pneumococcal colonization, and had a similar risk for PCN-NS 

pneumococcal colonization than children without PCN use. By comparison, results suggest 

no association between PCN use 61–90 days prior to study enrollment and risk for 

pneumococcal noncolonization, PCN-S colonization, or PCN-NS colonization. PRs adjusted 

by age, sex, daycare attendance, and PCV7 status differed from unadjusted PRs in all 

comparisons by < 10% (Table 4).

CONCLUSIONS

Our study examined together the selective pressures of PCN/TMP-SMX use and PCV7 

vaccination in children on population-level antibiotic resistance among colonizing 

pneumococci during the PCV7-era from 2000–2010. Widespread PCV7 use caused a shift 

from PCV7 serotypes to non-PCV7 serotypes and was the dominant influence on the 

epidemiology of pneumococcal antibiotic resistance in our study population. Although PCN/

TMP-SMX use likely exerted selection pressure, its contribution to the development of 

pneumococcal resistance to those antibiotics is less directly apparent in our epidemiologic 

data.

The results indicate that introduction of PCV7 into the Alaska childhood immunization 

schedule had a substantial impact on the epidemiology of pneumococcal antibiotic 

resistance. In our study, the proportion of children who were age-appropriately vaccinated 

with PCV7 is comparable to PCV7 coverage nationally. According to the National 

Immunization Survey, 73% of children in Alaska and 80% of children nationally aged 19–

35 months had received 4 doses of PCV7 in 2009.24 High coverage with PCV7 led to the 

near eradication of predominantly PCN-R PCV7-serotype pneumococci in our population by 

2010, and the emergence of predominantly PCN-I non-PCV7 serotype pneumococci. The 

proportion of PCV7-serotype and non-PCV7 serotype pneumococcal isolates that were 

PCN-R or PCN-I did not change during the study period. Consequently, the proportion of all 

pneumococcal carriage isolates that were PCN-R declined and the PCN-I pneumococcal 

proportion increased such that the overall proportion of PCN-NS isolates remained stable. 

The trends in proportion of all pneumococcal isolates that were PCN-R or PCN-I persisted 

after adjusting for confounding factors (age, sex, day-care attendance, household crowding, 

and PCN use) in a multivariate logistic regression model. However, those trends became 

nonsignificant after also adjusting for pneumococcal serotype (PCV7-serotype versus non-

PCV7–serotype), indicating that changes in the prevalence of PCN-resistant pneumococci 

can be accounted for by shifts in the distribution of pneumococcal serotypes.

During our study period, the proportion of all pneumococcal isolates that were TS-NS or 

TS-R decreased because of an increase in non-PCV7-serotype pneumococci, which were 

less likely to be TS-R than PCV7-serotype pneumococci that decreased in prevalence. Even 

though non-PCV7-serotype pneumococci were also less likely to be TS-I than PCV7–

serotype pneumococci, the emergence of non-PCV7-serotype pneumococci was not 

associated with a corresponding decrease in the proportion of TS-I pneumococci among all 

isolates. That observation might be partly explained by a small increase over time in the 
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proportion of non-PCV7–serotype pneumococci that were TS-I. Additionally, the magnitude 

of the difference between PCV7 and non-PCV7-serotype pneumococci in the proportion of 

isolates that were TS-R was greater than the difference in the proportion of isolates that were 

TS-I. Thus, the emergence of non-PCV7-serotype pneumococci had less impact on the trend 

in TS-I prevalence than the TS-R prevalence among all isolates. Similar to what we 

observed with pneumococcal PCN susceptibility, the multivariable logistic regression model 

adjusting for age, sex, day-care attendance, household crowding, and TMP-SMX use with 

and without adjustment for pneumococcal serotype confirmed that the changes in the 

proportion of all pneumococcal isolates that were TS-R or TS-NS over our study period 

were driven primarily by shifts in pneumococcal serotypes after widespread PCV7 use.

We were unable to demonstrate that penicillin use was associated with an increased 

prevalence of resistant pneumococci in our study population. Our analysis of pneumococcal 

colonization among children stratified by time between PCN use and study enrollment 

provides insights into the dynamics of antibiotic selection pressure. PCN use <30 days prior 

to study enrollment was associated with reduced colonization by PCN-S pneumococci, but 

the prevalence of PCN-NS pneumococci was not elevated. Consequently, the overall 

prevalence of pneumococcal colonization was lower among children with PCN use than 

among children with no PCN use. However, the overall prevalence of colonization and the 

prevalence of PCN-S and PCN-NS colonization were similar in children with PCN use 60–

90 days prior to study enrollment compared to children with no PCN use. This pattern of 

reduced PCN-S/stable PCN-NS pneumococcal colonization <30 days after PCN use and 

similar PCN-S/stable PCN-NS pneumococcal colonization 60–90 days after PCN use is 

similar to a pattern predicted by a mathematical model on the effect of PCN use on 

colonization.25 Our results are also consistent with other previous pneumococcal 

colonization studies in children demonstrating that the primary effect of PCN use is transient 

eradication of susceptible pneumococci.11–14 Furthermore, it is unlikely that PCN use by 

itself selected for or resulted in enhanced transmission of resistant pneumococci in our 

population because the absolute prevalence of PCN-NS pneumococcal colonization did not 

increase among children using PCN compared with children not using PCN. Thus, penicillin 

does not appear to directly select for resistant pneumococcal carriage in children using it.

We did not present the results of a similar analysis for TMP-SMX among children stratified 

by time between TMP-SMX use and study enrollment for a couple of reasons. First, the 

analysis was limited by insufficient statistical power because only 131 children had received 

TMP-SMX <90 days prior to study enrollment (by comparison, 970 children had received 

PCN). Additionally, TMP-SMX might not concentrate in the nasopharynx at levels 

sufficient to eradicate colonizing pneumococci, so it might not be possible to evaluate for 

selection pressure from TMP-SMX use in nasopharyngeal colonization isolates.26, 27

The mechanisms by which pneumococcal serotypes acquire antibiotic resistance could 

explain why we were unable to demonstrate selection for resistant pneumococci associated 

with antibiotic use in our epidemiologic data. Pneumococcal resistance to PCN is mediated 

by alterations in penicillin binding proteins, to trimethoprim by mutations to dihydrofolate 

reductase, and to sulfonamides by mutations in dihydropteroate synthase; these alterations 

are hypothesized to occur by homologous recombination with other streptococcal species 
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rather than by sequential point mutations.28–30 In addition, a pneumococcal serotype can 

acquire resistance to antibiotics through mutations at the cps locus. The cps gene codes for 

the capsular polysaccharides that define pneumococcal serotypes. Thus, capsular switching 

could allow a highly antibiotic-resistant PCV7-serotype pneumococci to switch to a non-

PCV7–serotype and persist in the population.31 Genetic recombination events that lead to 

the acquisition of resistance traits or to capsular switching occur independent of antibiotic 

use by individuals and could explain why antibiotic use was not directly associated with 

increased colonization by resistant pneumococci among children in our study.32

A previous study describing the epidemiology of invasive serotype 19A pneumococcal 

isolates in Alaska suggests a potential indirect role for antibiotic use in selecting for 

resistance.33 Of the 12 sequence types (ST) identified by multilocus sequence typing among 

invasive pneumococcal isolates in Alaska from 2001–2010, ST199 and related STs (i.e., 

clonal complex CC199) accounted for 63% of isolates during 2001–2005 and 55% during 

2006–2010. However, ST320 was not present in Alaska prior to 2006 but CC320 accounted 

for 13% of pneumococcal isolates during 2006–2010. ST320 was previously associated with 

the globally distributed, highly antibiotic-resistant PCV7-related serotypes 19F and 23F. 

ST320 likely became associated with serotype 19A because of capsular switching by 

serotype 19F or 23F. The abrupt appearance of ST320 in 2006 indicates that this ST was 

likely introduced into Alaska from outside the state. Although antibiotic use did not play a 

role in the introduction of CC320 into Alaska, selection pressure from a stable prevalence of 

antibiotic use could have facilitated the successful expansion of this antibiotic resistant clone 

after introduction. A higher proportion of CC320 pneumococcal isolates tend to be PCN-NS 

and TS-NS compared with CC199 isolates; the expansion of CC320 in Alaska helps explain 

the increased prevalence of antibiotic nonsusceptibility among our serotype 19A 

pneumococcal colonization isolates.

This study has limitations. First, we conducted a cross-sectional survey that enrolled unique 

children for the study each year. Therefore, despite our efforts to control for unmeasured 

confounders (e.g., conducting the study during the same calendar period and in the same 

clinics annually), it is still possible that the associations we observed resulted from factors 

that we were unable to measure/account for analytically. Additionally, we enrolled a 

convenience sample of children so our results might not be generalizable to other settings. It 

is notable, however, that our colonization prevalence is comparable with that reported from 

a colonization study conducted using similar methods in another urban setting.17 Further, we 

have no reason to suspect that the antibiotic prescribing practices in our study sites differ 

substantially from providers at clinics in similar urban settings (e.g., differences in antibiotic 

prescribing guidelines).

Our study also has strengths. First, we were able to establish the temporal association 

between antibiotic use/PCV7 vaccination and subsequent colonization by determining the 

dates of those events prior to study enrollment, thus enabling us to overcome a key 

limitation of the cross-sectional study design where the timing of the exposure in relation to 

the outcome might not be known. Additionally, the long-term, prospective nature of our 

study allows us to evaluate the effect of PCV7 from implementation to maximal impact.
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The results of our study demonstrate how global trends, such as vaccination induced 

changes in colonizing pneumococcal serotypes, can interact with antibiotic use to shape the 

prevalence of antibiotic-resistant pneumococci in a population. Elucidating other 

intermediate pathways by which antibiotic use leads to the increased prevalence of resistant 

pneumococci can help identify more effective interventions to reduce resistance. Molecular 

laboratory techniques, such as whole genome sequencing of pneumococci and phylogenetic 

analysis, can offer deeper insights into pneumococcal transmission dynamics.34 Additional 

research is needed to determine whether our results are unique to colonizing pneumococci or 

whether similar results are observed among other bacteria colonizing the nasopharynx and 

among commensal enteric bacteria.
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FIGURE 1. 
Prevalence of nasopharyngeal pneumococcal colonization, proportion age-appropriately 

vaccinated with PCV7, and proportion of PCV7-serotype pneumococcal isolates among 

urban children — Alaska, 2000–2010 (n=3,496)

Abbreviations: PCV7, 7-valent pneumococcal conjugate vaccine

Note: PCV7 introduced in 2001
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FIGURE 2. 
Prevalence of nasopharyngeal pneumococcal colonization among urban children by time 

from penicillin use to study enrollment — Alaska, 2000–2010 (n=3,496)

Abbreviations: PCN, penicillin
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TABLE 4

Prevalence ratio (PR) for nasopharyngeal pneumococcal colonization among urban children by time from 

penicillin use to study enrollment — Alaska, 2000–2010 (n=3,496)*

Children using penicillin
Non-Colonized
PR (95% CI)

PCN-S Colonized
PR (95% CI)

PCN-NS Colonized
PR (95% CI)

None ≤90 prior to enrollment Reference Reference Reference

≤ 30 days prior to enrollment 1.37 (1.29–1.44) 0.32 (0.24–0.43) 0.84 (0.64–1.11)

31–60 days prior to enrollment 1.07 (0.97–1.18) 0.62 (0.47–0.80) 1.50 (1.16–1.95)

61–90 days prior to enrollment 1.11 (1.00–1.24) 0.79 (0.61–1.02) 1.03 (0.73–1.45)

Abbreviations: PCN-NS, full, plus intermediate penicillin resistance (MIC > 0.064 mcg/mL); PCN-S, penicillin susceptible (MIC ≤ 0.064 mcg/mL)

*
PR adjusted for age, sex, day-care attendance, and 7-valent pneumococcal vaccination status
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