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High Rate of Serotype V Streptococcus agalactiae Carriage in Pregnant Women in Botswana
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Abstract. Maternal rectovaginal colonization is the major risk factor for early-onset neonatal sepsis due to Group B
Streptococcus (GBS), a major cause of early life morbidity and mortality. Transmission generally occurs perinatally from
colonized mothers to infants. Vaccines targeting a subset of GBS serotypes are under development, but GBS epide-
miology remains poorly understood in many African nations. We performed a cross-sectional study of GBS colonization
among pregnant women at two sites in Botswana, a country with minimal prior GBS carriage data. We found a rec-
tovaginal colonization rate of 19%, comparable with studies in other regions; however, we also noted a striking pre-
dominance of serotype V (> 45%of strains). Although further studies are required to delineate the burden of invasiveGBS
disease in Botswana and the generalizability of type V epidemiology, these data provide a useful baseline for un-
derstanding the potential local impact of GBS prevention strategies, including vaccines.

Neonatal sepsis is a primary driver of early lifemortality, and
even nonfatal casesmay lead to substantial lifelongmorbidity.
Group B Streptococcus (GBS; Streptococcus agalactiae)
emerged as a major cause of neonatal sepsis in the 1970s,
possibly driven by selection for virulent clones because of
widespread use of tetracycline antibiotics in humans and an-
imals.1 The major risk factor for early-onset (EO) (occurring in
the first week of life) GBS disease is colonization of the ma-
ternal vaginal and/or gastrointestinal mucosal surfaces in late
pregnancy. Screening for rectovaginal colonization at 35–
37 weeks of gestation and the use of intrapartum antibiotic
prophylaxis are the mainstay of GBS prevention in high-
income countries, including the United States.2 Such strate-
gies have helped decrease the rate of EO GBS infections but
have not significantly altered rates of late-onset disease.2 In
addition, screen-and-treat programs are both labor-intensive
and costly, factors that may decrease their feasibility in low-
and middle-income countries (LMIC).3

Based on prior work suggesting that sufficient levels of
maternal GBS capsule–specific IgG likely confers protection
against neonatal disease due to transplacental antibody
transfer in late pregnancy, polysaccharide–protein conjugate
vaccines are under development.4 There are 10 known GBS
serotypes (Ia, Ib, and II–IX), of which types Ia, III, and V are
generally the most common in studies of colonization and
neonatal disease.5,6 Current candidate vaccines each cover a
limited number of serotypes. There can be significant geo-
graphic variability in serotype prevalence, and understanding
local serotype distribution is crucial to predicting the potential
impact of conjugate vaccine programs.7 Notably, data re-
garding serotype distribution are sparse among many African
nations, including Botswana.
Ethical approval was obtained from Botswana Ministry of

Health andWellness’Research andDevelopmentCommittee,

Bamalete Lutheran Hospital (BLH), Princess Marina Hospital
(PMH), the University of Botswana, New York University, and
the University of Pennsylvania. We performed a prospective,
cross-sectional study of women in late pregnancy (gestational
age ³ 35 weeks, 0 days) from October 2015 until March 2017.
Women were enrolled at two hospitals in Botswana: PMH and
BLH. Princess Marina Hospital is an urban, tertiary care hospi-
tal in the capital city of Gaborone, and BLH is a semirural pri-
mary hospital in Ramotswa, southern Botswana. Following
written informed consent, each study subject underwent col-
lection of rectovaginal swab specimens by a trained research
nurse, according to the Centers for Disease Control and Pre-
vention algorithm.2 Study participants did not receive com-
pensation for enrollment. The swabswereplaced into transport
media (Becton–Dickinson ESwab Transport and Collection
System; Becton-Dickenson, Franklin Lakes, NJ) and stored in
an insulated cooler with cold packs until transport to the Na-
tionalHealthLaboratory inGaborone (<6hours),where theyare
assessed for GBS by culture and frozen at −70�C for shipment.
Group B Streptococcus status was confirmed by growth in
Lim Broth, followed by DNA extraction and polymerase chain
reaction (PCR) targeting the sip gene with consensus
sequence–derived primers, as previously reported.8 Serotype
wasdeterminedby real-timePCR,and,whenpossible, casesof
co-colonization were confirmed by isolation of each individual
serotypeandconfirmationby latexagglutinationor real-timePCR.9

We performed descriptive statistics and univariate analysis
based on age quartile, gravity quartile, nulliparity, enrollment
site, HIV status, comorbidities, and smoking status as po-
tential predictors of GBS status. In a subgroup analysis of
GBS-positive women, we examined potential relationships
between cohort characteristics and the presence of serotype
V GBS. Statistical analyses were performed using IBM SPSS
(version 25; International Business Machines, Armonk, NY).
Of 275 women enrolled, samples were available for analysis

for 274 (one samplewas lost duringprocessing, and that subject
wasomitted fromanalysis). Cohort characteristics arepresented
in Table 1. There were no significant differences by chi-square
statistics between GBS-negative and GBS-positive women
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based on any of the subject characteristics studied, including
prior antibiotic receipt, HIV status, and enrollment site. As re-
ported,53/274 (19%)sampleswerepositive forGBSbysipPCR.
The distribution of capsular serotypes of the GBS-positive
samples is presented in Figure 1. One sample contained two
serotypes (Iaand III) detectedby real-timePCRandconfirmedby
culture and latex agglutination, consistentwith prior descriptions
of simultaneous colonization with multiple GBS types.10 Be-
cause of the high rate of serotype V GBS compared with prior
studies, we examined subject characteristics within the GBS-
positive cohort thatmight be associatedwith type V carriage. As
with the full cohort analysis, no statistically significant predictors
of serotype V carriage were determined.

Despite the importance of GBS as an agent of neonatal
sepsis and, increasingly, a cause of invasive disease in adult
populations, the global epidemiology ofGBS colonization and
disease remains incompletely understood. Recent systematic
reviews andmeta-analyses5,6 suggest substantial differences
in disease rates and serotype distribution across geographic
areas. This work is limited as well, given the paucity of studies
from LMIC, particularly in sub-Saharan Africa.5,11 In this as-
sessment of carriage rates and serotype distribution among
pregnant women from two sites in Botswana, we found that
the GBS rectovaginal colonization rate (19%) was consistent
with findings from other geographic areas, suggesting that
screening of pregnant women for GBS colonization may be of
benefit if the substantial logistical barriers to implementation
of intrapartum antibiotic prophylaxis can be overcome.
Baseline and ongoing collection of data regarding neonatal
sepsis rates and etiologies in Botswana would be crucial to
understanding the impact of such interventions.
We were encouraged to find that the GBS serotypes repre-

sented in this samplemirrored those found inmany other areas.
We did not identify study subjects colonized with the “higher
number” serotypes (VI–IX) that are not represented in candidate
vaccines. A candidate GBS polysaccharide–protein conjugate
vaccine containing serotypes Ia, Ib, and III has been evaluated in
phase I and II studies12 and, based on the serotype distribution
thatwenoted,would be expected toprovide protection for 49%
of colonized individuals (including the co-colonized subject)
identified in this Botswana cohort. Candidate vaccines with an
increased number of serotypes are also in early clinical trials.13

Given our findings, inclusion of serotype Vmay be an important
component of conjugate vaccine development if candidates are
to be efficacious in a wide range of settings. Notably, some
studies from other African nations have also noted higher rates
of type V GBS carriage in pregnancy than those described
outside of the region.14–16 Serotype V can cause invasive neo-
nataldiseaseandhasemergedasan importantcauseofdisease
among nonpregnant adults.17,18 Thus, ongoing surveillance of
GBS serotype distribution and expanded studies of invasive
disease in Botswana and other LMIC are indicated.
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FIGURE 1. Serotype distribution among Group B Streptococcus-
positive rectovaginal samples from the cohort (N=53). Only serotypes
I–V were identified in this cohort. One sample (“multiple”) contained
both serotypes Ia and III. This figure appears in color at www.ajtmh.
org.

TABLE 1
Characteristics of study cohort (N = 274) and univariate analysis

Median (range)

Age (years) 31 (19–43)
Gravidity 2 (1–8)
Parity 1 (0–5)

N (%)
Enrollment site Princess Marina Hospital 203 (74)

Bamalete Lutheran
Hospital

71 (26)

HIV status Positive 67 (24)
Negative 204 (74)
Unknown 3 (1)

Prior antibiotics (past
9 months)

Yes 102 (37)
No 160 (58)
Unknown 12 (4)

Comorbid condition Yes 6 (2)
No 268 (98)

GBS status Positive 53 (19)
Negative 221 (81)

GBS=groupBStreptococcus. Comorbid conditions includedpulmonary tuberculosis (N=
1), “precancer” (N = 1), hypertension (N = 2), and unknown condition (N = 2). All factors had a
nonsignificant (P > 0.05) relationship with GBS status.
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