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Background: Infants and children are frequently colonized with pneumo-
coccus. Recent nasopharyngeal acquisition of pneumococcus is thought to
precede disease episodes. The increased risk of pneumococcal disease
among Navajo and White Mountain Apache populations has been docu-
mented. Little is known about the dynamics of pneumococcal carriage in
these populations.
Methods: A group randomized, controlled trial of 7-valent conjugate
pneumococcal vaccine (PnCRM7, Wyeth) was conducted on the Navajo
and Apache reservations. A nasopharyngeal (NP) carriage study was nested
in the trial to evaluate the impact of PnCRM7 on carriage. Children �6
years of age had NP swabs collected at enrollment and at 6 and 12 months
following enrollment. We analyzed carriage data from children in control
vaccine randomized communities to describe the epidemiology of pneu-
mococcal carriage.
Results: Of the 410 participants enrolled, 92% were colonized with
pneumococcus at least once during the course of the study. Sixty-three
percent of NP specimens were positive for pneumococcus. The most
common serotypes were 6A, 6B, nontypable, 23F, 14, 19F, 19A, and 9V.
Thirty-eight percent of isolates were vaccine serotypes. Age �2 years,
male sex, daycare attendance, and having a sibling colonized with pneu-
mococcus were associated with an increased risk of carriage.
Conclusions: The high carriage prevalence among Navajo and Apache
children reflects an intense exposure to pneumococcus. The lack of mod-
ifiable risk factors for carriage highlights the importance of preventive
strategies for disease control.
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Streptococcus pneumoniae (pneumococcus) is a leading cause of
invasive and noninvasive disease worldwide, and infants and

young children are at particularly high risk. Nasopharyngeal (NP)
carriage plays an important role in the epidemiology of pneumo-
coccus, as recent acquisition of a new serotype is thought to
precede episodes of pneumococcal disease.1

Carriage prevalence is highest among infants and young
children and generally decreases with age.2 In the general US

population and other industrialized countries, the mean age of
acquisition of pneumococcus is approximately 6 months,1,3

whereas children in developing countries are colonized as early as
2 to 3 months of age.4,5 A number of factors have been associ-
ated with increased prevalence of carriage, including younger
age, crowding, day-care attendance, and exposure to cigarette
smoke.4,6,7

Previous studies have described the epidemiology of pneu-
mococcal carriage among children in the general US popula-
tion.1,8,9 However, no studies have been conducted among Navajo
and White Mountain Apache (WMA) populations in the southwest
United States. In the preconjugate pneumococcal vaccine era,
these populations experienced high rates of invasive pneumococ-
cal disease.10,11 A group-randomized efficacy trial of a 7-valent
conjugate pneumococcal vaccine (PnCRM7) was conducted on the
Navajo and WMA reservations from May 1997 to October 2000.12

An investigational group C meningococcal conjugate vaccine
(MnCC) was used as the control vaccine. A carriage study was
nested within the trial to evaluate the impact of PnCRM7 on
pneumococcal carriage among vaccinees and their siblings.13 To
describe the natural history and risk factors for pneumococcal
carriage among Navajo and WMA children in the absence of
PnCRM7, we analyzed carriage data from children living in
MnCC-randomized communities.

MATERIALS AND METHODS
A group-randomized efficacy trial of a 7-valent conjugate

pneumococcal vaccine (PnCRM7; Wyeth Vaccines; serotypes: 4,
6B, 9V, 14, 18C, 19F, and 23F) was conducted on the Navajo and
WMA reservations from April 1997 to October 2000.12 The study
area and population as well as the randomization procedures for
the trial have been described previously.14 Briefly, randomization
units on the Navajo and Apache reservations were defined by
geography and population size, so as to minimize the social
interactions of adults and children in a given randomization unit
with those of others in a different randomization unit during the
course of the trial.

Trial participants received either PnCRM7 vaccine or Neis-
seria meningitidis group C protein conjugate vaccine (MnCC,
Wyeth Vaccines) as a control vaccine. MnCC contains group C
oligosaccharides coupled to the CRM197 protein, a nontoxic vari-
ant of diphtheria toxin. Each dose of study vaccine also contained
0.5 mg of aluminum phosphate as an adjuvant.

All children less than 2 years of age were eligible to
participate in the trial. Primary efficacy subjects were defined as
those who were enrolled between 6 weeks and 7 months of age,
received 3 doses of vaccine 2 months apart (a minimum of 4 weeks
apart) and a booster dose at 12 to 15 months of age (at least 2
months after the third dose). A total of 5792 children were enrolled
in the primary efficacy group.

A subset of infants from the primary efficacy group and
their household siblings �6 years of age were concurrently en-
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rolled in a carriage study to evaluate the impact of PnCRM7 on
pneumococcal carriage among vaccinees and their household con-
tacts.13 Children with congenital anomalies of the nasopharynx
were excluded from the carriage study. NP swabs were collected
from vaccinees during 3 visits, at approximately 7, 12 to 15, and
18 to 24 months of age. In addition, household siblings �6 years
of age who consented to participate were also swabbed during
these visits. If any child in a given household tested positive for
pneumococcus at 1 of the 3 regularly scheduled study visits,
follow-up visits were made at 1- and 3-months after the scheduled
visit to assess duration of carriage.

Trained nurses and field workers collected NP specimens. A
small, flexible calcium alginate swab (Fisher Scientific) was in-
serted into the posterior nasopharynx and rotated 180 degrees. The
swabs were inoculated into STGG transport media,15 frozen at—
70°C and transported on dry ice to the Centers for Disease Control
and Prevention (CDC; Atlanta, Georgia) for isolation and serotyp-
ing. A 10-�L aliquot of each specimen was streaked onto a
gentamicin-TSA 5% sheep blood agar plate (Becton Dickinson,
Cockeysville, MD) and incubated overnight at 37°C in 5% CO2.
Phenotypic characteristics (morphology and �-hemolysis) were
used for the presumptive identification of pneumococcus. Pneu-
mococci were confirmed by optochin susceptibility and bile solu-
bility assays.

Pneumococci were serotyped by a novel immunoblot
method, described previously.16 This method was developed to
increase the sensitivity for detecting multiple pneumococcal sero-
types in nasopharyngeal specimens. For specimens with �25
colonies, 4 colonies were picked from the plate and serotyped by
Quellung reaction.

Information on demographics and risk factors for carriage
were obtained at each study visit. Daycare attendance was defined
as any place where the child spent at least 3 days per week for 4
hours per day and where 5 or more children were also present.

The duration of a given carriage episode was calculated as
the number of days between the first and last consecutive specimen
that was positive for a given serotype. For episodes in which the
last specimen was negative for a given serotype, the duration of
carriage was calculated as the midpoint between the last positive
specimen and the next specimen that was negative.

To describe the epidemiology of carriage in the absence of
conjugate pneumococcal vaccine, we restricted our analysis to
children living in MnCC-randomized communities during the
course of the trial. Analysis was carried out with the SAS software
package (SAS version 9.0; Cary, NC). Odds ratios (OR) and 95%
confidence intervals were calculated to identify potential risk
factors for carriage. Risk factors having P � 0.10 in bivariable
tests of association were selected for inclusion in the final model.
We controlled for the within-subject correlation between multiple
study visits by using generalized estimating equations (GEE),17

constructed in the PROC GENMOD procedure. Results were
considered statistically significant if the 2-tailed P value was less
than 0.05. Serotype-specific estimates of the duration of carriage
were calculated within each round.

The study was approved by the Institutional Review Boards
of the Johns Hopkins Bloomberg School of Public Health, the
Centers for Disease Control and Prevention, the Navajo Nation,
the Phoenix Area Indian Health Service, and the National Indian
Health Service. Tribal approval was given by the Navajo Nation
and the WMA tribe. Parents or guardians of study children signed
a written informed consent document after reading the document
or having the consent document read and explained to them in
English or in their native language.

RESULTS
A total of 566 vaccinees (294 PnCRM7, 272 MnCC) and

286 siblings (144 PnCRM7, 142 MnCC) from 511 households
(264 PnCRM7, 247 MnCC) were enrolled in the NP carriage
study. A median of 2 children (range, 1–4 children) from each
household was enrolled. Three children residing in MnCC-ran-
domized communities each received 3 doses of PnCRM7 in error.
The carriage results from these 3 households (3 vaccinees and 1
sibling) were excluded from the final analysis, leaving 410 partic-
ipants (269 MnCC vaccinees and 141 siblings of MnCC vaccinees)
in the current analysis.

The baseline characteristics of the 410 carriage study par-
ticipants are presented in Table, Supplemental Digital Content,
http://links.lww.com/A1438. Three-hundred thirty (80.5%) were
Navajo. The median age of vaccinees and siblings at the first visit
was 8.2 months (range, 6–20 months) and 44.9 months (range,
1–81 months), respectively. In the month before the first NP visit,
52 (12.6%) children had attended daycare, 80 (19.4%) had an
episode of otitis media, and 84 (20.4%) had received antibiotics.
Thirty-one (7.5%) children were receiving antibiotics at the time of
the first NP swab. Antibiotic use, whether at the first visit or in the
month prior, was associated with reported episodes of acute otitis
media in the earlier month (data not shown). Amoxicillin and
trimethoprim-sulfamethoxazole were the most frequently reported
antibiotics. Including the vaccinees, a median of 2 children �6
years of age (range, 1–5 children) lived in the household. Sixty-
seven (16.3%) children lived in a household with a cigarette
smoker and 235 (57%) lived in a household that had a wood/coal-
burning stove.

The average length of follow-up for the 410 participants
was 12.1 months (range, 1 day-19.1 months). Twelve (2.9%)
children were withdrawn from the study before completing all
study visits; 5 moved away from the study area, 4 were withdrawn
at the parents’ request, and 3 reached the maximum age for
eligibility before the conclusion of the study.

A total of 1068 NP specimens were collected; 677 (63.4%)
were positive for pneumococcus. Pneumococcus was isolated at
least once from 381 (92.9%) of 410 enrolled children. The prev-
alence of overall pneumococcal carriage was �50% in all age
groups but was highest among children of 2 years of age (75%) (Fig.
1). The frequency of carriage did not vary by season (data not shown).

A total of 61 serotypes from 32 different serogroups were
isolated. The carriage prevalence of vaccine serotypes (serotypes
4, 6B, 9V, 14, 18C, 19F, and 23F) as well as the 10 most common
nonvaccine serotypes are shown in Table 1. Thirty-nine percent of
all pneumococcal isolates were vaccine serotypes. Each child
carried an average of 2 (range, 0–6) pneumococcal serotypes. The
distribution of the number of serotypes carried per child was as
follows: 0 (8.4%), 1 to 2 (47.2%), 3 to 4 (36.2%), and 5 to 6
(7.2%). Simultaneous carriage with more than one serotype was
detected in 65 (9.6%) specimens; 63 (9.3%) contained 2 serotypes,
and 2 (0.3%) contained 3 serotypes.

At the first visit, 269 (65.3%) of 410 children carried
pneumococcus. The carriage prevalence was not significantly dif-
ferent between Navajo and Apache children (63.6% vs. 65.8%,
respectively; P � 0.71). Children who were receiving antibiotics at
the first visit, or who had received antibiotics or had an episode of
otitis media in the previous month were less likely to carry
pneumococcus (P � 0.01). Among positive specimens, the pro-
portion of vaccine-type isolates was higher among children who
had received antibiotics in the last month (44.1% vs. 35.9%; P �
0.05), but not among those currently receiving antibiotics (32.8%
vs. 36.7%; P � 0.52).
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The frequency of overall carriage was higher among chil-
dren who lived in a household with a smoker, but this did not reach
statistical significance (73.1% vs. 62.3%; P � 0.09). There was no
association between pneumococcal carriage and the presence of a
wood- or coal-burning stove in the household.

Age-stratified, serotype-specific estimates of the duration of
carriage are presented in Table 2. Type 6A had the longest carriage
episodes, with median duration ranging from 35 to 63 days.
Among the vaccine serotypes, carriage episodes were longest for
serotypes 23F, 6B, and 14.

We constructed a multivariable model to evaluate potential
risk factors for carriage, using GEE to control for within-subject
correlations. In the model, age �2 years (odds ratio �OR�: 2.22,
95% CI: 1.42–3.49), male sex (OR: 1.52, 95% CI: 1.05–2.21),

daycare attendance in the previous month (OR: 1.94, 95% CI:
1.16–3.24), and having a sibling colonized with pneumococcus
(OR: 4.31, 95% CI: 2.79–6.66) were associated with an increased
risk of carriage (Table 3). Children who were currently receiving
antibiotics (OR: 0.51, 95% CI: 0.27–0.94) or had received antibi-
otics in the previous month (OR: 0.53, 95% CI: 0.22–1.27) were
less likely to be colonized with pneumococcus. The presence of a
cigarette smoker and the presence of a wood/coal-burning stove in
the household were not significantly associated with pneumococ-
cal carriage in the multivariable model.

DISCUSSION
The increased risk of invasive pneumococcal disease among

Navajo and WMA children in the preconjugate vaccine era has
been documented previously.10,11 However, before this study, the
dynamics of pneumococcal carriage in these high-risk populations
has never been evaluated.

The prevalence of pneumococcal carriage (�60%) among
Navajo and Apache children is 2- to 3-fold higher than that of
similarly aged US children8,9 and comparable to that of children
living in developing countries.4,18 Nearly all children (92%) car-
ried pneumococcus at least once and �60% acquired 2 or more
serotypes during the study period. In a previous carriage study
among Navajo and Apache infants, �50% were colonized by 2
months of age.13 Taken together, these carriage data indicate an
early and intense exposure of Navajo and WMA children to
pneumococcus, which may explain in part the high rates of
pneumococcal disease observed in these populations before the
availability of conjugate pneumococcal vaccine.

We examined a number of potential risk factors for pneu-
mococcal carriage in this population. In a multivariable model, age
�2 years, day care attendance, and having a household sibling
who carried pneumococcus were associated with an increased risk
of carriage. These findings are consistent with a number of stud-
ies2,9,18–20 and lend further evidence for the importance of young
children in the transmission of pneumococcus in the household and
in the community. Because they are not modifiable risk factors,
they highlight the importance of conjugate pneumococcal vaccine

TABLE 1. Serotype Distribution of Pneumococcal
Carriage Isolates From American Indian Children; Only
the 10 Most Prevalent Nonvaccine Serotypes are Shown

Serotype Number (%)

6A 104 (15.4)
6B* 68 (10)
NT 62 (9.2)
23F 59 (8.7)
14 47 (6.9)
19F 40 (5.9)
19A 32 (4.7)
9V 30 (4.4)
22F 24 (3.5)
11A 23 (3.4)
35B 20 (2.9)
35F 18 (2.7)
31 15 (2.2)
15A 15 (2.2)
4 15 (2.2)
15A 14 (2.1)
18C 8 (1.2)

*Serotypes contained in the 7-valent pneumococcal conjugate vaccine (PnCRM7) are
in italics.

NT indicates nontypable.
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FIGURE 1. Age-specific prevalence of pneumococcal carriage among American Indian study children.
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as a strategy for prevention of carriage and disease due to vaccine
serotypes.

Boys were at slightly higher risk for pneumococcal carriage
in our study. To our knowledge, only 1 other study has reported an
increased risk of pneumococcal carriage among boys as compared
with girls.21 Data from Navajo as well as from the Active Bacterial
Core Surveillance Program of the Centers for Disease Control and
Prevention have shown higher rates of invasive pneumococcal
disease among boys as compared with girls �5 years of age
(R. Weatherholtz, manuscript in preparation and Cynthia Whitney,
personal communication).

Children who had received antibiotics at the time of naso-
pharyngeal swab or in the month prior were less likely to carry
pneumococcus.22,23 Amoxicillin was the most commonly reported
antibiotic in this study. In other studies, antibiotic use has been
cited as a risk factor for carriage of drug-resistant pneumoc-
occi.24,25 Although we did not assess antibiotic susceptibility
among these isolates, there were a higher proportion of vaccine-
type pneumococci among colonized children who had received
antibiotics in the last month (44.1% vs. 35.9%; P � 0.05). The
majority of drug-resistant pneumococcal isolates in the United
States belong to serotypes included in PnCRM7 (eg, serotypes 6B,
9V, 14, 19F, and 23F).26

We did not observe an increased risk of carriage among
children in households with a wood- or coal-burning stove or in
households where a cigarette smoker also resided. Household
exposure to cigarette smoke has been associated with increased
risk of pneumococcal carriage in children.4 Previous studies
among Navajo children have reported an increased risk of acute
lower respiratory illness among children living in houses that
cooked with wood versus those that cooked with gas or electricity
alone.27 Additional information, such as the frequency and dura-
tion of these exposures to indoor air pollution, is needed to assess
the impact of these environmental factors on the risk of pneumo-
coccal carriage.

No seasonality of carriage was apparent in our study.
Among Papua New Guinean children, another population in whom
high rates of pneumococcal carriage and disease have been docu-
mented, carriage patterns do not follow a seasonal trend.28 By
contrast, among populations with a lower prevalence of overall
pneumococcal carriage, increased rates of carriage have been
observed during the winter months.1,29 The reasons for this sea-
sonality are poorly understood, but may be attributed to an increase
in viral respiratory infections, crowding, or other environmental
factors.30,31

The most frequently carried pneumococci were serotypes
6A, 6B, nontypable, 23F, 14, 19F, 19A, and 9V, accounting for
�65% of all isolates. Thirty-eight percent of pneumococcal iso-
lates were serotypes included in PnCRM7 and an additional 23%
belonged to vaccine-associated serotypes (ie, 6A, 19A, 23B, etc.).
Among European children, who have lower overall rates of car-
riage (�25%–30%), prevalence of PnCRM7 serotype carriage
ranged from 52% to 63% prior to the availability of conjugate
pneumococcal vaccines.3,19,32 Serotype differences between Na-
vajo and US children have been shown among invasive pneumo-
coccal isolates; in the preconjugate vaccine era, �50% of all
invasive pneumococcal disease among Navajo children �2 years
of age were vaccine-type pneumococci, whereas in the general US
population, this proportion was �85%.11,33

Conjugate pneumococcal vaccines have been shown to
protect against nasopharyngeal acquisition of VT pneumococci
and, in some cases, to simultaneously increase carriage of nonva-

TABLE 2. Serotype-Specific Duration of Pneumococcal Carriage Episodes by Age Group

Round 1 Round 2 Round 3

Serotype Age Group, Yr N Median Range N Median Range N Median Range

6A �2 19 35 13.5–81 32 58 13–11.50 26 56.8 14.5–112
�2 15 41 10.5–83 16 38.8 9–107 16 63 16.5–96

23F �2 22 28 11.5–102 16 49.3 10.5–86 17 28 12–106
�2 7 40.5 12–102 8 55.3 12–67.5 7 46 10.5–78

6B �2 20 31.5 14–92 17 21.5 10.5–163 16 27.8 14.5–122.5
�2 4 37 17.5–85 6 31.5 16–84 12 31.8 12.5–92

19F �2 17 28 13.5–77 11 20.5 10.5–116 8 19.3 14–69
�2 4 18.8 7–27 2 31 10.5–51.5 2 43 32.5–53.5

14 �2 13 32 16–77 11 58.5 13.5–92 6 40 18.5–135.5
�2 8 31.5 10.5–104.5 6 29.8 18–85 9 31 13–116.5

NT �2 14 29.3 11.5–71 12 45.5 17.5–75 17 41.5 12.5–169
�2 7 35 15–85 9 20 11.5–91 9 23 13–72.5

31 �2 9 24.5 16.5–67 2 63.3 50–76.5 2 38.5 12.5–64.5
�2 5 40 7–52 2 17 12–22 — — —

9V �2 5 20 17–22.5 7 15.5 13.5–66 10 28.5 13–78
�2 4 26.5 16.5–35 4 17.3 13–39 8 33.5 10.5–84.5

10A �2 8 23.5 11–80.5 5 50.5 27.5–84 1 13 —
�2 3 70.5 18–84 3 27.5 21–101 — — —

19A �2 7 25 13.5–87 10 30 12–110 8 32.5 16.5–83
�2 5 23 19–45 8 35.3 17.5–87 3 62 13–63

NP swabs were collected from vaccinees during 3 visits, at approximately 7 (Round 1), 12 to 15 (Round 2), and 18 to 24 (Round 3) months of age. In addition, household siblings
�6 year of age who consented to participate were also swabbed during these visits.

TABLE 3. Multivariable Analysis of Risk Factors for
Pneumococcal Carriage Among American Indian
Children

Risk Factor Odds Ratio (95% CI)

�2 yr of age 2.22 (1.42–3.49)
Male 1.52 (1.05–2.21)
Ever breast fed 0.82 (0.57–1.18)
Current antibiotic use 0.51 (0.27–0.94)
Antibiotic use in last mo 0.53 (0.22–1.27)
Attended day care in last mo 1.94 (1.16–3.24)
Smoker lives in household 1.14 (0.74–1.77)
Wood/coal burning stove in household 1.31 (0.95–1.83)
Sibling colonized with pneumococcus 4.31 (2.79–6.66)

CI indicates confidence interval.
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ccine type pneumococci (ie, serotype replacement carriage).13,34,35

Since the introduction of conjugate pneumococcal vaccines in the
United States, increases in rates of nonvaccine type invasive
disease have been reported among the general US population and
among an Alaska Native population.36–38 Furthermore, a number
of studies have reported significant increases in the prevalence of
certain serotypes, particularly serotype 19A, among invasive dis-
ease isolates.36,39 We continue to monitor active, laboratory-based
surveillance data from the Navajo and Apache reservations for
trends in invasive pneumococcal disease in the conjugate pneu-
mococcal vaccine era.

There are some limitations to this study. Because of the
timing of specimen collection, it is possible that carriage episodes
were missed. As a result, the reported prevalence may be under-
estimated. Because it is difficult to distinguish between persistent
carriage and serial acquisitions for any given serotype, the duration
of carriage estimates may be overestimated. We do not have
longitudinal data on carriage in the first 6 months of age, when the
first exposures to pneumococcus likely occurred. We did not
collect detailed information on the frequency and duration of
certain environmental exposures (ie, cigarette smoke, wood-burn-
ing stoves) that may have impacted carriage status. Finally, for any
given serotype, further evaluation of the relationship between
carriage and likelihood of invasive disease (“invasiveness”) is
warranted.

The present study documents a high prevalence of pneumo-
coccal carriage among Navajo and WMA children. The intense
exposure of these Native American children to pneumococcus may
explain the higher rates of invasive pneumococcal disease ob-
served in these communities when compared with the general US
population. The high carriage prevalence, combined with a broad
diversity of carriage serotypes, provides a dynamic reservoir for
pneumococcal infection in these high-risk populations. Finally,
continued population-based laboratory surveillance is essential to
monitor trends in vaccine-type and nonvaccine-type pneumococcal
disease in the current PnCRM7 era.
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