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Abstract

IMPORTANCE Pneumococcal nasopharyngeal carriage is a prerequisite for pneumococcal disease.
The main transmission route is from toddlers, who commonly carry pneumococci. However, neonatal
pneumococcal disease case reports suggest that vertical pneumococcal transmission may also occur.

OBJECTIVE To describe and compare pneumococcal nasopharyngeal carriage and density by infant
mode of delivery in young Fijian infants.

DESIGN, SETTING, AND PARTICIPANTS Annual cross-sectional surveys were performed in Suva,
Fiji, before the introduction of 10-valent pneumococcal conjugate vaccine (PCV10), from September
14 to December 20, 2012, and after PCV10 was introduced, from July 11 to November 19, 2013; July
15 to December 9, 2014; and August 13 to November 19, 2015. Caregivers of 2006 infants aged 5 to 8
weeks participated in the surveys. Statistical analysis was performed from May 24, 2018, to August
12, 2019.

EXPOSURES Caregivers provided data on infant mode of delivery and demographics via interviewer-
led survey.

MAIN OUTCOMES AND MEASURES Pneumococci in swab samples were detected and quantified
by lytA quantitative polymerase chain reaction with molecular serotyping by microarray.
Pneumococci were categorized as PCV10 or non-PCV10 serotypes.

RESULTS Of the 2006 infants (976 girls and 1030 boys; mean [SD] age, 6.1 [0.02] weeks]), 1742
(86.8%) were born vaginally and 264 were born by cesarean delivery. Infants delivered vaginally,
compared with those born by cesarean delivery, had a higher prevalence of overall pneumococcal
nasopharyngeal carriage (470 of 1722 [27.3%; 95% CI, 25.2%-29.4%] vs 47 of 260 [18.1%; 95% CI,
13.6%-23.3%]; P = .002), PCV10 carriage (113 of 1698 [6.7%; 95% CI, 5.5%-7.9%] vs 8 of 256 [3.1%;
95% CI, 1.4%-6.1%]; P = .03), and non-PCV10 carriage (355 of 1698 [20.9%; 95% CI, 19.0%-22.9%]
vs 38 of 256 [14.8%; 95% CI, 10.7%-19.8%]; P = .02), and had higher median densities of overall
pneumococci (4.9 log10 genome equivalents [GE]/mL [interquartile range, 4.8-5.0 log10 GE/mL] vs
4.5 log10 GE/mL [interquartile range, 4.1-4.6 log10 GE/mL]; P = .01) and non-PCV10 pneumococci (4.9
log10 GE/mL [interquartile range, 4.7-5.0 log10 GE/mL] vs 4.4 log10 GE/mL [interquartile range,
4.0-4.7 log10 GE/mL]; P = .01). Vaginal delivery was associated with overall (adjusted odds ratio, 1.57
[95% CI, 1.10-2.23]; P = .01) and non-PCV10 (adjusted odds ratio, 1.49 [95% CI, 1.01-2.20]; P = .04])
pneumococcal nasopharyngeal carriage. Vaginal delivery was not associated with PCV10 carriage
(adjusted odds ratio, 1.67 [95% CI, 0.80-3.51]; P = .17). After adjustment, vaginal delivery was not
associated with density.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE Pneumococcal nasopharyngeal carriage prevalence and density
were higher in infants delivered vaginally compared with those delivered by cesarean birth. After
adjustment, vaginal delivery was associated with pneumococcal carriage. Differences in carriage by
mode of delivery may be due to differential exposure to the vaginal microbiota during delivery and
the effect of intrapartum antibiotics during cesarean delivery on the infant microbiome. Our findings
also raise the hypothesis that vertical transmission may contribute to pneumococcal acquisition.

JAMA Network Open. 2019;2(10):e1913650. doi:10.1001/jamanetworkopen.2019.13650

Introduction

Pneumococcal disease is a leading cause of global morbidity and mortality in children younger than 5
years, with the highest burden in low- and middle-income countries (LMICs).1 Of all pneumococcal
meningitis cases in children younger than 5 years, up to 21% occur in infants younger than 2 months.2

A review of the causes of community-acquired neonatal sepsis in LMICs reported that the
pneumococcus was isolated in 4.6% (95% CI, 2.1%-7.1%) of cases among infants in the first week of
life.3 Neonatal (infants younger than 28 days) invasive pneumococcal disease (IPD) case fatality rates
are as high as 19% in high-income settings,4 and approximately 50% in LMICs.5 Pneumococcal
transmission during vaginal delivery (vertical transmission) may play a role in neonatal IPD, with
maternal pneumococcal vaginal colonization present in 25 of 43 reported neonatal IPD cases
(58.1%).6-21 Only 2 studies have published rates of pneumococcal vaginal carriage. In France,
pneumococcal isolates were found in 0.66% of 1064 vaginal swabs, and in England, pneumococcal
isolates were detected in 0.03% of 15 000 high vaginal, cervical, urethral, and genital swabs.16,22 To
our knowledge, there are no published studies reporting the prevalence of pneumococcal vaginal
carriage in pregnant women from LMICs, despite pneumococci being a common cause of
neonatal sepsis.3

Nasopharyngeal pneumococcal carriage is associated with an increased risk of pneumococcal
disease, and high pneumococcal nasopharyngeal load (density) is associated with severe
pneumococcal pneumonia.23,24 In LMICs, the first acquisition of pneumococci occurs early in life. In
Papua New Guinea, 59% of infants carry pneumococci by 30 days of age.25 Factors associated with
pneumococcal carriage in young infants from LMICs remain unclear. Although contact with toddlers
and children is a risk factor for pneumococcal carriage via horizontal transmission, maternal vaginal
colonization, prolonged rupture of membranes, and premature delivery may be risk factors for
vertical transmission.26-29 To our knowledge, no published studies describe infant pneumococcal
carriage and density by infant mode of delivery or document the association of mode of delivery with
carriage.

A previous study in Fiji described the association of 10-valent pneumococcal conjugate vaccine
(PCV10) with pneumococcal carriage, which included infants aged 5 to 8 weeks who were not
vaccinated for PCV10.30 This study aims to compare the prevalence and density of pneumococcal
carriage by infant mode of delivery and to describe any associations between vaginal delivery and
pneumococcal carriage and density in very young unvaccinated Fijian infants. We hypothesize that in
this population, pneumococcal carriage and density differ by mode of delivery, and that vaginal
delivery is associated with pneumococcal carriage.

Methods

Fiji is a middle-income nation in the South Pacific Ocean. The population comprises 56.8%
indigenous iTaukei individuals and 37.8% Fijian of Indian descent individuals. This study was
undertaken in the Suva-Nausori corridor in the central division of Fiji, where approximately one-third
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of Fijian individuals live.31 Fiji introduced PCV10 in October 2012 as a 3 + 0 schedule, given at 6, 10,
and 14 weeks of age, with no catch-up campaign. National coverage of the third dose of PCV10 was
84.9% 1 year after introduction, 84.9% 2 years after introduction, and 89.0% 3 years after
introduction.32-34 This study was conducted according to protocols reviewed and approved by the
Fiji National Research Ethics Review Committee and the University of Melbourne Human Research
Ethics Subcommittee. Study staff discussed the study with parents and guardians (caregivers), who
completed written informed consent prior to any study procedures. Participants and caregivers were
offered no incentive to participate. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline.

The study design has been described previously.30 Briefly, annual cross-sectional community-
based nasopharyngeal carriage surveys were conducted before the introduction of PCV10
(September 14 to December 20, 2012) and after the introduction of PCV10 (July 11 to November 19,
2013; July 15 to December 9, 2014; and August 13 to November 19, 2015).30 We used purposive
convenience sampling to ensure that the sample represented the iTaukei to Fijian of Indian descent
ethnicity ratio (3:2), and rural to urban residential location ratio (1:1), as these were considered likely
to be associated with pneumococcal carriage.35

Participants
Infants aged 5 to 8 weeks were recruited while attending maternal and child health clinics for routine
immunization at the 2 largest health centers in Suva. Inclusion criteria were age and the mother
having lived in the area for 3 months or more at the time of survey. We excluded infants with an
axillary temperature higher than 37.0°C or who had received any prior PCV10 doses. The sample size
was calculated to answer the primary research question regarding the direct association of PCV10
with pneumococcal nasopharyngeal carriage.30 For convenience, this study used the same sample.

Data Collection
Fieldworkers interviewed caregivers via questionnaire to obtain individual-level infant
characteristics, including ethnicity (iTaukei or Fijian of Indian descent), sex, residential location,
antibiotic use in the 2 weeks preceding the survey, infant mode of delivery, current breastfeeding
status, exposure to household cigarette smoke, weekly family income, number of children younger
than 5 years living in the household, and symptoms of an upper respiratory tract infection. Caregivers
reported ethnicity according to investigator defined options. Ethnicity was assessed in the broader
PCV10 evaluation, as it is known to be associated with pneumococcal carriage in Fiji.35

Nasopharyngeal samples were collected using flocked nylon swabs (FLOQSwabs; COPAN
Diagnostics Inc), placed in skim milk tryptone glucose glycerol media, and stored according to
standard methods.36 Samples were analyzed at the Murdoch Children’s Research Institute,
Melbourne, Australia. The detection and density of pneumococci were determined by real-time
quantitative polymerase chain reaction with primers and probes targeting the lytA gene (GenBank
933669), and genomic DNA from a reference isolate as a standard.37 Molecular serotyping of
pneumococci was conducted by microarray, as described previously.38

Overall pneumococcal carriage was defined as the detection of any pneumococcus by
quantitative polymerase chain reaction. Carriage of PCV10 was defined as detection of PCV10
serotypes (1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, and 23F). Non-PCV10 carriage was defined as detection of
serotypes not included in PCV10, including nonencapsulated pneumococci. Serotypes 15B and 15C
were reported as 15B/C, as these serotypes can interconvert.39 Serotype 11A was identified as 11F-like,
as reported previously.40

Detection of PCV10 and non-PCV10 serotypes from the same sample was recorded as positive
for PCV10 and non-PCV10 carriage. Carriage of multiple serotypes was defined as detection of 2 or
more serotypes from the same sample. Pneumococcal density was reported in genome equivalents
(GE) per milliliter. Serotype-specific carriage was defined as detection of individual serotypes,
including nonencapsulated pneumococci.
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Double entry and validation of participant characteristic data were performed in EpiData,
version 3.1 (EpiData). Pneumococcal data were entered into Microsoft Excel 2013 (Microsoft Corp).
Participant characteristics and pneumococcal data were merged and cleaned in Stata, version 15.1
(StataCorp).

Statistical Analysis
Statistical analyses were performed from May 24, 2018, to August 12, 2019, in Stata, version 15.1.
Participant characteristics were summarized by counts and percentages, or means and SDs. Carriage
data were reported as counts and percentages with 95% CIs. Pneumococcal densities were log10

transformed, and reported as median log10 GE per milliliter with interquartile range (IQR). Categorical
variables were compared by the χ2 test. Means of continuous variables were compared using the t
test and medians of continuous variables were compared using the Mann-Whitney test. Description
of multiple-serotype carriage and analyses of serotype-specific carriage and pneumococcal density
were restricted to pneumococcal carriers. We used the Fisher exact test to compare serotype-
specific carriage prevalence by infant mode of delivery. All P values were from 2-sided tests and
results were deemed statistically significant at P < .05.

Logistic and quantile regression models were built to determine the association of infant mode
of delivery with overall, PCV10, and non-PCV10 pneumococcal carriage and density. Multivariable
models adjusted for potential confounders (survey year, residential location, low family income, and
�2 children younger than 5 years living in the household) selected a priori using a directed acyclic
graph (eFigure and eAppendix in the Supplement). Correlation between exposures included in
regression models was assessed using Pearson r.

Although ethnicity is associated with pneumococcal carriage in Fiji, it was not included in
multivariable models, as infant mode of delivery does not differ by ethnicity in Fiji.41 The associations
between infant mode of delivery with carriage were reported as odds ratios (ORs) and the
associations between infant mode of delivery with density were reported as differences in medians,
with 95% CIs and P values.

Results

Demographics
Of the 2006 infants, 1742 (86.8%) were born vaginally and 264 were born by cesarean delivery.
Participant mean (SD) age was 6.1 (0.02) weeks (Table 1).42 The distribution by sex was
approximately equal (976 girls and 1030 boys). However, more infants born vaginally were female,
compared with those born by cesarean delivery (865 [49.7%] vs 111 [42.0%]; P = .02). Few
participants used antibiotics in the 2 weeks preceding the survey (42 of 2005 [2.1%]). The
percentage of infants living in a rural location was lower in those born vaginally compared with those
born by cesarean delivery (851 [48.9%] vs 176 [66.7%]; P < .001). A lower percentage of infants
delivered vaginally had low family income compared with those born by cesarean delivery (845 of
1697 [49.8%] vs 149 of 257 [58.0%]; P = .01). A higher percentage of infants born vaginally lived with
children younger than 5 years compared with infants born by cesarean delivery (797 [45.8%] vs 90
[34.1%]; P < .001). The percentage of vaginal and cesarean delivered participants differed annually
(Table 1).42

Pneumococcal Carriage Prevalence and Median Density
Twenty nasopharyngeal swab samples from infants delivered vaginally and 4 from infants born by
cesarean delivery were excluded from analysis owing to insufficient volume, sample loss, or labeling
errors. Twenty-eight pneumococcal-positive samples were excluded from serotyping owing to
technical issues. Infants born vaginally had a higher prevalence of overall pneumococci (470 of 1722
[27.3%; 95% CI, 25.2%-29.4%] vs 47 of 260 [18.1%; 95% CI, 13.6%-23.3%]; P = .002), PCV10
pneumococci (113 of 1698 [6.7%; 95% CI, 5.5%-7.9%] vs 8 of 256 [3.1%; 95% CI, 1.4%-6.1%]; P = .03),
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and non-PCV10 pneumococci (355 of 1698 [20.9%; 95% CI, 19.0%-22.9%] vs 38 of 256 [14.8%; 95%
CI, 10.7%-19.8%]; P = .02) compared with infants born by cesarean delivery (Table 1).42 Among
pneumococcal carriers, the prevalence of multiple-serotype carriage was similar by infant mode of
delivery. Vaginally delivered infants, compared with those born by cesarean delivery, had higher
median density of overall pneumococci (4.9 log10 GE/mL [IQR, 4.8-5.0 log10 GE/mL] vs 4.5 log10

GE/mL [IQR, 4.1-4.6 log10 GE/mL]; P = .01) and non-PCV10 pneumococci (4.9 log10 GE/mL [IQR
4.7-5.0 log10 GE/mL] vs 4.4 log10 GE/mL [IQR 4.0-4.7 log10 GE/mL]; P = .01) (Table 1).42

Table 1. Characteristics of Fijian Infants Aged 5 to 8 Weeks in 4 Annual Pneumococcal Nasopharyngeal
Carriage Surveys

Characteristics

Infants, No./Total No. (%)

P ValueaTotal

Delivery

Vaginal Cesarean
Age, mean (SD), wk 6.1 (0.02) 6.1 (0.02) 6.1 (0.04) .76

Female sex 976/2006 (48.7) 865/1742 (49.7) 111/264 (42.0) .02

Ethnicity

Fijian of Indian descent 796/2006 (39.7) 681/1742 (39.1) 115/264 (43.6)

.23iTaukei 1202/2006 (59.9) 1053/1742 (60.4) 149/264 (56.4)

Other 8/2006 (0.4) 8/1742 (0.5) 0

Breastfeeding at time of survey 1857/2005 (92.6) 1609/1741 (92.4) 248/264 (93.9) .38

Symptoms of URTI 311/2005 (15.5) 260/1742 (14.9) 51/264 (19.3) .07

Antibiotic use in past 2 wk 42/2005 (2.1) 35/1741 (2.0) 7/264 (2.7) .50

Residential location

Rural 1027/2006 (51.2) 851/1742 (48.9) 176/264 (66.7)
<.001

Urban 979/2006 (48.8) 891/1742 (51.1) 88/264 (33.3)

Low family incomeb 994/1954c (50.9) 845/1697 (49.8) 149/257 (58.0) .01

Exposure to household
cigarette smoke

1011/2006 (50.4) 871/1742 (50.0) 140/264 (53.0) .36

≥2 Children aged <5 y in household 887/2006 (44.2) 797/1742 (45.8) 90/264 (34.1) <.001

Survey year

Before introduction of PCV10 499/2006 (24.9) 456/1742 (26.2) 43/264 (16.3)

<.001

After introduction of PCV10

1 y 510/2006 (25.4) 457/1742 (26.2) 53/264 (20.1)

2 y 500/2006 (24.9) 405/1742 (23.3) 95/264 (36.0)

3 y 497/2006 (24.8) 424/1742 (24.3) 73/264 (27.7)

Pneumococcal carriage, No./total
No. (%) [95% CI, %]

Overalld 517/1982 (26.1)
[24.2-28.1]

470/1722 (27.3)
[25.2-29.4]

47/260 (18.1)
[13.6-23.3]

.002

PCV10 serotypee 121/1954 (6.2)
[5.2-7.4]

113/1698 (6.7)
[5.5-7.9]

8/256 (3.1)
[1.4-6.1]

.03

Non-PCV10 serotypef 393/1954 (20.1)
[18.4-22.0]

355/1698 (20.9)
[19.0-22.9]

38/256 (14.8)
[10.7-19.8]

.02

Multiple-serotype carriageg 79/489 (16.2
[13.0-19.7])

72/446 (16.1
[12.9-19.9])

7/43 (16.3
[6.8-30.7])

.98

Pneumococcal densityg

Overall

No. 516 469 47
.01

log10 GE/mL, median (IQR) 4.9 (4.7-5.0) 4.9 (4.8-5.0) 4.5 (4.1-4.6)

PCV10 serotype

No. 121 113 8
.39

log10 GE/mL, median (IQR) 5.0 (4.6-5.1) 5.0 (4.7-5.2) 4.5 (3.6-5.9)

Non-PCV10 serotype

No. 393 355 38
.01

log10 GE/mL, median (IQR) 4.8 (4.6-5.0) 4.9 (4.7-5.0) 4.4 (4.0-4.7)

Abbreviations: GE, genome equivalents; IQR,
interquartile range; PCV10, 10-valent pneumococcal
conjugate vaccine; URTI, upper respiratory tract
infection.
a Determined from χ2 for categorical variables and

from t test or Mann-Whitney test for continuous
variables, as appropriate.

b Weekly family income below the basic needs poverty
line (<FJ$175 per week).42

c Family income data was missing for 52
participants (2.6%).

d Any pneumococci, including nonencapsulated
pneumococci.

e Pneumococci included in PCV10 (serotypes 1, 4, 5,
6B, 7F, 9V, 14, 18C, 19F, and 23F).

f Pneumococcal serotypes not included in PCV10,
including nonencapsulated pneumococci.

g Only includes participants who were pneumococcal
carriers, PCV10 serotype carriers, or non-PCV10
serotypes carriers.
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Serotype-Specific Carriage
The Figure displays serotype-specific carriage prevalence by infant mode of delivery. Of the
serotypes carried by cesarean-born infants, 12.5% (3 of 24) were PCV10 serotype and 20.8% (5 of
24) were PCV13 serotype. For infants delivered vaginally, 17.6% (9 of 51) were PCV10 serotype and
21.6% (11 of 51) were PCV13 serotype. We detected PCV10 serotypes 6B, 19F, and 23F from infants
born by either mode of delivery, while PCV10 serotypes 1, 4, 7F, 9V, 14, and 18C were detected from
infants born only by vaginal delivery. Serotypes 4 and 18C represented 9.3% (11 of 118) of PCV10
serotypes found in such infants. Non-PCV10 serotypes 6A, 6C, 6D, 7C, 10B, 11A, 13, 15B/C, 16F, 17F,
19A, 21, 22F, 24B, 33B, 34, 35B, 38, and nonencapsulated lineages NT2, NT2/NT3b, and NT3b were

Figure. Pneumococcal Serotype-Specific Prevalence Among 2006 Fijian Infants, by Infant Mode of Delivery
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detected in infants born by either mode of delivery. An additional 21 non-PCV10 serotypes were
detected exclusively from infants born vaginally, including 3, 7B, 8, 10A, 12F, 15A, 18A, 19B, 20, 20B,
23A, 23B, 24F, 29, 31, 33A, 33F, 35A, 35F, 39, and the nonencapsulated lineage NT4b. NT2,
NT2/NT3b, NT3b, and NT4 are genetic variants of nonencapsulated pneumococci identified by
microarray.43 Of the 21 11A serotypes identified, 19 were genetic variants identified by microarray as
11F-like.40 Serotype-specific carriage prevalence did not differ by infant mode of delivery (eTable 1 in
the Supplement).

Association Between Infant Mode of Delivery and Pneumococcal Carriage
Table 2 shows the association of infant mode of delivery with pneumococcal carriage (overall, PCV10,
and non-PCV10). Vaginal delivery was positively associated with overall pneumococcal
nasopharyngeal carriage (adjusted OR [aOR], 1.57 [95% CI, 1.10-2.23]; P = .01) and non-PCV10
carriage (aOR, 1.49 [95% CI, 1.01-2.20]; P = .04). Vaginal delivery was not associated with PCV10
carriage (aOR, 1.67 [95% CI, 0.80-3.51]; P = .17). There was no evidence of correlation between
exposure variables included in regression models (eTable 2 in the Supplement).

Association Between Infant Mode of Delivery and Pneumococcal Density
eTable 3 in the Supplement shows unadjusted and adjusted differences in median density of overall,
PCV10, and non-PCV10 pneumococci. We found no association between infant mode of delivery and
pneumococcal density (overall, PCV10, and non-PCV10).

Discussion

This study describes pneumococcal carriage by infant mode of delivery. Vaginal delivery was
positively associated with overall and non-PCV10 carriage. The prevalence of overall, PCV10, and
non-PCV10 carriage was greater in infants delivered vaginally, compared with those delivered by
cesarean birth. Possible reasons for these differences in pneumococcal carriage by infant mode of
delivery include vertical transmission of pneumococci, reduced acquisition of pneumococci owing to
routine intrapartum administration of antibiotics administered during cesarean delivery for
postoperative wound prophylaxis, and/or the association that infant mode of delivery may have with
the infant microbiome.

We found a positive association between vaginal delivery and pneumococcal carriage, raising
the hypothesis of a potential vertical component to pneumococcal acquisition for very young infants.
Contact with toddlers is a risk factor for pneumococcal carriage via horizontal transmission.27-29

However, we found the positive association between vaginal delivery and pneumococcal carriage
remained after adjustment for the potential of horizontal transmission from young children living in
the same household. This finding suggests that vertical transmission may be a route for acquisition of
nasopharyngeal pneumococci in very young infants, which has been proposed previously.6,7

Maternal vaginal colonization and subsequent transmission during delivery to infants is documented
for other bacteria.44 The pneumococcus is not considered a commensal of the human vaginal tract,
as the prevalence of pneumococcal vaginal colonization is very low.16,22 However, transient
cervicovaginal colonization can occur, and vertical transmission of pneumococci may occur via
premature or prolonged rupture of membranes, chorioamnionitis, or perinatal maternal
pneumococcal disease.6,16,22,26 Case reports from high-income countries of neonatal IPD, as well as
maternal pneumococcal vaginal colonization, suggest vertical transmission of pneumococci during
delivery.6,7 Despite high rates of early infant IPD in LMICs, we were unable to find studies from LMICs
on maternal vaginal pneumococcal carriage rates. We did not collect maternal vaginal swabs or
nasopharyngeal swabs from children living in participants’ households, so we were unable to
determine the route of transmission.

The association found between vaginal delivery and infant carriage may also be explained by
receipt of maternal intrapartum antibiotics for postoperative wound prophylaxis for cesarean

JAMA Network Open | Global Health Comparing Pneumococcal Nasopharyngeal Carriage by Infant Mode of Delivery in Fiji

JAMA Network Open. 2019;2(10):e1913650. doi:10.1001/jamanetworkopen.2019.13650 (Reprinted) October 18, 2019 7/14

Downloaded From: https://jamanetwork.com/ by a London Sch of Hygiene & Tropical Medicine User  on 11/11/2019

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.13650&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.13650
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.13650&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.13650
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.13650&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.13650


delivery and neonatal sepsis. A double-blind, placebo-controlled randomized trial of azithromycin
given to women in labor in Gambia found substantial reductions in prevalence of pneumococcal
carriage in infants aged 28 days born to women who received azithromycin, compared with those
born to women who received placebo (prevalence ratio, 0.67 [95% CI, 0.53-0.83]; P < .001).45

Table 2. Associations Between Infant Mode of Delivery and Pneumococcal Carriage in Fijian Infants Aged 5 to 8
Weeks, in 4 Annual Pneumococcal Carriage Surveys

Characteristics

Unadjusted Model Adjusted Modela

OR (95% CI) P Value OR (95% CI) P Value
Overall Pneumococcal Carriage (n = 1982)b

Infant mode of delivery

Cesarean 1 [Reference]
.002

1 [Reference]
.01

Vaginal 1.70 (1.22-2.37) 1.57 (1.10-2.23)

Survey year

Before introduction of PCV10 1 [Reference]

<.001

1 [Reference]

<.001

After introduction of PCV10

1 y 0.71 (0.54-0.95) 0.94 (0.69-1.27)

2 y 0.43 (0.31-0.58) 0.65 (0.46-0.91)

3 y 1.26 (0.96-1.65) 1.48 (1.11-1.96)

Residential location

Rural 1 [Reference]
.28

1 [Reference]
.44

Urban 1.12 (0.91-1.36) 1.09 (0.88-1.35)

Low family incomec 1.36 (1.11-1.67) .004 1.32 (1.06-1.64) .01

≥2 Children aged <5 y in household 2.28 (1.86-2.80) .01 1.99 (1.60-2.48) <.001

PCV10 Serotype Pneumococcal Carriage (n = 1954)d

Infant mode of delivery

Cesarean 1 [Reference]
.03

1 [Reference]
.17

Vaginal 2.21 (1.07-4.58) 1.67 (0.80-3.51)

Survey year

Before introduction of PCV10 1 [Reference]

.002

1 [Reference]

.03

After introduction of PCV10

1 y 0.60 (0.37-0.96) 0.65 (0.39-1.07)

2 y 0.34 (0.19-0.60) 0.41 (0.22-0.75)

3 y 0.59 (0.36-0.96) 0.63 (0.38-1.04)

Residential location

Rural 1 [Reference]
.006

1 [Reference]
.02

Urban 1.70 (1.16-2.47) 1.64 (1.10-2.44)

Low family incomec 1.06 (0.73-1.54) .77 0.99 (0.67-1.48) .98

≥2 Children aged <5 y in household 1.94 (1.33-2.81) .001 1.56 (1.04-2.32) .03

Non-PCV10 Serotype Pneumococcal Carriage (n = 1954)e

Infant mode of delivery

Cesarean 1 [Reference]
.03

1 [Reference]
.04

Vaginal 1.52 (1.05-2.18) 1.49 (1.01-2.20)

Survey year

Before introduction of PCV10 1 [Reference]

<.001

1 [Reference]

<.001

After introduction of PCV10

1 y 0.81 (0.59-1.12) 1.14 (0.81-1.61)

2 y 0.52 (0.37-0.74) 0.85 (0.58-1.25)

3 y 1.65 (1.23-2.22) 2.00 (1.45-2.73)

Residential location

Rural 1 [Reference]
.71

1 [Reference]
.49

Urban 0.96 (0.77-1.20) 0.92 (0.72-1.16)

Low family incomec 1.37 (1.09-1.71) .007 1.36 (1.07-1.73) .01

≥2 Children aged <5 y in household 2.39 (1.91-3.00) <.001 2.25 (1.76-2.88) <.001

Abbreviations: OR, odds ratio; PCV10, 10-valent
pneumococcal conjugate vaccine.
a Variables adjusted for were survey year, residential

location, low family income, and 2 or more children
younger than 5 years living in the household.

b Any pneumococci, including nonencapsulated
pneumococci.

c Weekly family income below the basic needs poverty
line (<FJ$175 per week).42

d Pneumococci included in PCV10 (serotypes 1, 4, 5,
6B, 7F, 9V, 14, 18C, 19F, and 23F).

e Pneumococcal serotypes not included in PCV10,
including nonencapsulated pneumococci.
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However, perinatal azithromycin use is uncommon. In Fiji, flucloxacillin and amoxycillin are the usual
antibiotics of choice for surgical wound and neonatal sepsis prophylaxis. We did not record which
women received antibiotics, and were unable to stratify analyses by receipt of antibiotics during
delivery. Nevertheless, maternal antibiotics may have affected infants born to women undergoing
cesarean delivery either transplacentally and/or through breast milk ingestion after delivery, which
may have reduced pneumococcal acquisition by vertical and/or horizontal routes.46-48

The differences we found in carriage by mode of delivery may be owing to the differential
effects of mode of delivery on the development of the infant microbiome. The infant microbiome
develops different profiles after vaginal or cesarean delivery, owing to exposure to maternal vaginal
or environmental flora and the disruptive effects of intrapartum prophylactic antibiotics,48,49 which
may affect pneumococcal carriage in very young infants. A longitudinal study of Dutch infants found
that, after cesarean delivery, there was a delay in the development of the infant microbiome, with
lower relative abundance of pneumococci up to 3 months of age, compared with those born
vaginally.50

Exposure to environmental flora and intrapartum antibiotics during cesarean delivery may have
mediated both the association between vaginal delivery and pneumococcal carriage and the number
of unique serotypes detected, through their association with maternal and infant microbiomes. We
found more pneumococcal serotypes from infants born vaginally compared with those delivered by
cesarean birth. More important, serotypes 4 and 18C were found exclusively in infants delivered
vaginally, and represented 9.3% of PCV10 serotypes found in such infants. This finding is important,
as these serotypes are not included in the PCV10 vaccine (Pneumosil) currently undergoing phase
3 clinical trials in India.51 A World Health Organization review of the age distribution of pneumococcal
disease found that, despite some uncertainty about the rates of pneumococcal infection in very
young infants, 32% to 79% of serotypes causing IPD in infants younger than 2 months would be
covered by PCV10 or PCV13.2 We found a lower percentage covered by PCV10 or PCV13, as our study
was conducted up to 3 years after the introduction of PCV10. Nevertheless, despite evidence of PCV
indirect effects on very young unvaccinated infants,30 many such infants will remain at risk of IPD
due to nonvaccine serotypes.3,52 The difference found in number of serotypes by mode of delivery
may be owing to the higher number of participants delivered vaginally compared with cesarean
delivery (1722 vs 260, after excluding nasopharyngeal swab samples owing to insufficient volume,
sample loss, or labeling errors), which may lend itself to a greater number of serotypes being
detected in swab samples from vaginally born infants.

We found a positive association between infant mode of delivery and overall and non-PCV10
carriage. The 95% CI observed for PCV10 carriage, which crossed the null value, may be owing to the
small number of infants carrying PCV10 serotypes, likely reflecting the timing of our study in relation
to the introduction of PCV10 in Fiji. A previous study reported that PCV10 carriage declined among
unvaccinated infants age 5 to 8 weeks after the introduction of PCV10, suggesting indirect
protection.30 As such, the 95% CI estimated for the association between infant mode of delivery and
PCV10 carriage may be explained by reduced rates of PCV10 carriage owing to herd immunity, and
the small number of cesarean delivered infants who were PCV10 carriers (n = 8).

We found that carriage of multiple serotypes was uncommon and similar by infant mode of
delivery. Few studies have examined rates of multiple-serotype carriage in this age group or used
molecular serotyping methods to do so, and to our knowledge, no other study has compared the
prevalence of multiple-serotype carriage by infant mode of delivery.

Although data are limited, estimates suggest the pneumococcus remains a significant pathogen
with regard to neonatal sepsis in LMICs.53 A systematic review of the global burden of neonatal IPD
estimated the pooled incidence in less-developed countries to be 16 (95% CI, 3.9-65.6) per 100 000
live births and in the more developed countries to be 41 (95% CI, 29.1-58.1) per 100 000.53 These
counterintuitive estimates are likely driven by differential case ascertainment by setting.53 A review
of the cause of community-acquired neonatal sepsis in LMICs isolated Streptococcus pneumoniae
from 4.6% (95% CI, 2.1%-7.1%) of infants younger than 7 days and 5.2% (95% CI, 4.2%-6.3%) of
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infants ages 8 to 59 days.3 A study on the cause of serious infection in young infants in low-income
countries found 8% of bacteremia in infants younger than 7 days to be due to pneumococci and
10.2% of bacteremia aged 8 to 29 days to be due to pneumococci.5 The same study found 38.5% of
meningitis cases in infants aged 7 to 29 days to be due to pneumococcus. A global review of
pneumococcal disease found that 21% of all pneumococcal meningitis cases in children younger than
5 years occurred in infants younger than 2 months.2 In addition, several cases of neonatal IPD,
including sepsis, with pneumococci isolated from maternal genital tracts have been reported.6,7 Our
findings suggest that, in Fiji, pneumococcus may be an important cause of young infant infection
and should be considered in cases of infection in such a population in Fiji and other LMICs.

Limitations
There were limitations to our study in addition to those mentioned earlier. First, generalizability may
be limited to unvaccinated Fijian infants living in Suva. Because of the cross-sectional design, this
study is unable to assume causality between infant mode of delivery and pneumococcal carriage.
However, delivery precedes nasopharyngeal sampling, such that temporality regarding infant mode
of delivery and carriage may be assumed. Data supporting an association between infant mode of
delivery and pneumococcal carriage may be confounded by unmeasured clinical factors, such as
prematurity.26 The possibility of chance findings owing to multiple testing exists. However, this study
was conducted in a tropical setting in the Asian Pacific, where infant pneumococcal carriage rates are
relatively high, and sufficient participants were delivered via cesarean birth to achieve a sample size
sufficient to undertake this analysis. In addition, nasopharyngeal swabs were collected and
processed in accordance with World Health Organization guidelines.36 Pneumococci were detected
and quantified using sensitive and quantitative molecular methods, and few data were missing.38

Conclusions

This study found that infant mode of delivery is positively associated with pneumococcal carriage.
Our observations may be owing to differences in early pneumococcal carriage through differential
exposure to the vaginal microbiota during delivery and the association of intrapartum antibiotics
during cesarean delivery with the infant microbiome. Our results generate the hypothesis that
vertical transmission may occur. Our findings have important public health and clinical implications
for young infants in LMICs. As pneumococcal carriage rates are far higher in young infants in LMICs
than those in high-income countries, rates of pneumococcal sepsis in young infants are likely
considerable.2 Among neonates in LMICs, the burden of pneumococcal carriage and IPD is largely
unknown, but, where reported, are substantial.2 Invasive pneumococcal disease should be
considered in cases of neonatal sepsis in LMICs,3 as herd protection in unvaccinated infants cannot
be assumed as current PCV formulations may not provide adequate coverage for many IPD
serotypes.

In post-PCV settings, and with increasing consideration of reduced-dose PCV schedules,
monitoring pneumococcal transmission will be central to pneumococcal disease control, particularly
in the most vulnerable age groups.54 To our knowledge, there are no data on the prevalence of
pneumococcal vaginal colonization in LMICs. Further research is required to investigate the
possibility of vertical transmission during delivery, maternal pneumococcal vaginal colonization,
antibiotic use during labor, the effect of mode of delivery on the infant microbiome (as are studies on
neonatal carriage in other LMICs), and enhanced neonatal IPD surveillance.
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