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Abstract

Background: Maternal recto-vaginal colonization with Group B Streptococcus (GBS) and consequent vertical transmission to
the newborn predisposes neonates to early-onset invasive GBS disease. This study aimed to determine the acquisition and
loss of serotype-specific recto-vaginal GBS colonization from 20–37+ weeks of gestational age.

Methods: Vaginal and rectal swabs were collected from HIV-uninfected women at 20–25 weeks of gestation age and at 5–6
weekly intervals thereafter. Swabs were cultured for GBS and isolates were serotyped by latex agglutination. Serologically
non-typable isolates and pilus islands were characterized by PCR.

Results: The prevalence of recto-vaginal GBS colonization was 33.0%, 32.7%, 28.7% and 28.4% at 20–25 weeks, 26–30
weeks, 31–35 weeks and 37+ weeks of gestational age, respectively. The most common identified serotypes were Ia (39.2%),
III (32.8%) and V (12.4%). Of 507 participants who completed all four study visits, the cumulative overall recto-vaginal
acquisition rate of new serotypes during the study was 27.9%, including 11.2%, 8.2% and 4.3% for serotypes Ia, III and V,
respectively. Comparing the common colonizing serotypes, serotype III was more likely to be associated with persistent
colonization throughout the study (29%) than Ia (18%; p = 0.045) or V (6%; p = 0.002). The median duration of recto-vaginal
GBS colonization for serotype III was 6.35 weeks, which was longer than other serotypes. Pilus island proteins were detected
in all GBS isolates and their subtype distribution was associated with specific serotypes.

Conclusion: South African pregnant women have a high prevalence of GBS recto-vaginal colonization from 20 weeks of
gestational age onwards, including high GBS acquisition rates in the last pregnancy-trimesters. There are differences in
specific-serotype colonization patterns during pregnancy.
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Introduction

Maternal vaginal colonization with Group B Streptococcus (GBS)

is the major risk factor for early onset invasive GBS disease (EOD)

in newborns [1,2]. Screening of pregnant women for GBS

colonization during the third trimester, coupled with targeted

intrapartum antibiotic prophylaxis (IAP) of colonized women

during labor, has reduced the incidence of invasive GBS disease in

industrialized countries [3].

An alternate preventive strategy against EOD is vaccination of

pregnant women, which could enhance transplacental transfer of

anti-GBS antibody to the fetus. Studies have identified an

association between high maternal serotype-specific anti-capsular

polysaccharide (CPS) antibody concentrations with reduced risk of

recto-vaginal colonization and reduced risk of newborns develop-

ing EOD [4,5]. Since GBS CPS-protein conjugate vaccines are

serotype-specific, it is important to characterize the serotype

distribution of GBS in different regions of the world as well as

understand the changes which occur in GBS colonization during

pregnancy [6]. Other potential vaccine candidates include GBS

surface protein antigens such as pilus island (PI) proteins that are

present in all GBS isolates [7]. Although it has been shown that

maternal GBS colonization during pregnancy may fluctuate

[8,9,10], there are limited longitudinal studies on the rate of
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serotype-specific GBS acquisition and duration of colonization

during pregnancy.

We aimed to determine the acquisition and loss of GBS recto-

vaginal colonization, including serotype-specific changes, among

South African pregnant women from 20 weeks to at least 37 weeks

of gestational age. We also studied the PI distribution of recto-

vaginal colonizing GBS isolates and their association with capsular

serotype.

Materials and Methods

Study Population
The study was conducted at prenatal community clinics in

Soweto (Lillian Ngoyi, Diepkloof, Mofolo and Michael Maponya),

Johannesburg from August 2010 to August 2011. Inclusion criteria

were HIV-uninfected pregnant women confirmed by HIV ELISA

test non-reactivity at enrolment, from 20–25 weeks of gestational

age based on last menstrual cycle and who consented to study

participation. Exclusion criteria at enrolment included antibiotic

treatment in the previous two weeks, any acute illness, symptom-

atic vaginal discharge and a known or suspected condition in

which clinical vaginal examinations were contradicted. If antibi-

otics were taken after the first visit, the collection of specimens was

delayed for at least two weeks after the last antibiotic dose.

Swab collection and culture of GBS
Lower vaginal and rectal swabs were collected for GBS culture

starting at 20–25 weeks (Visit-1), followed by three subsequent

visits (Visits 2–4) at 5–6 weekly intervals, up to 37–40 weeks (Visit-

4) of gestational age. Demographic and pregnancy-related data

were collected at the first visit. All samples were collected by

trained study nurses with rayon-tipped swabs that were placed into

Amies transport medium without charcoal (cat #MW170,

Transwab Amies, Medical wire, U.K.). Swabs were transported

to the lab within 4 hours of collection, and processed within 2

hours. For GBS isolation, swabs were inoculated onto CHRO-

Magar StrepB (CA; Media Mage, Johannesburg, South Africa)

and the CA plates were incubated at 37uC for 18–24 hours in

aerobic conditions [11]. If GBS-like colonies were not visible

within 24 hours after incubation, the plates were incubated for a

further 24 hours and re-examined for growth. Up to four GBS-like

colonies were isolated and confirmed as GBS by testing for CAMP

factor, inability to hydrolyze esculin, catalase negativity and group

B antigen.

Capsular serotyping
Serotyping was performed by the latex agglutination method

with specific antisera against types Ia, Ib and II to IX CPS

antigens (Statens Serum Institute, SSI, Sweden) as described [12].

Isolates that tested negative by latex agglutination for all serotypes

were further typed by a PCR method for serotypes Ia, Ib, II, III,

IV and V using primer sequences described by Poyart et al [13].

The gene encoding dlts was used as a PCR positive control for

GBS identification.

Pilus typing
Pilus island proteins of all GBS isolates were detected by PCR

for PI-1, PI-2a and PI-2b, with primers that target the genomic

regions coding for the ancillary protein (AP)-1 of each PI. Isolates

that tested negative for all the AP1 genes, or isolates from which

neither PI-2a or PI-2b could be detected, were amplified by a

second set of primers representing conserved regions of AP-2 as

described previously [7].

Statistical analysis
Data were analyzed using SAS version 9.2 software (SAS

Institute, Inc., NC, USA). A visit sample pair of vaginal and rectal

swabs was considered negative if no GBS growth was evident on

either swab, and positive if GBS was grown from either swab. The

pregnant women were grouped into transient, intermittent and

persistent carriers according to the presence of GBS colonization

and to individual serotypes at the four sampling time points.

Transient carriers were defined as women who were colonized at

only one of the four visits, intermittent carriers as those who were

colonized at two or three of the visits and persistent carriers as

those colonized at all four study visits.

Descriptive statistics included the prevalence of colonization at

individual time points and changes of recto-vaginal colonization

status. Analysis of the changes in recto-vaginal colonization over

time was restricted to the 507 participants who completed all four

study visits. New acquisition of GBS was defined as positive culture

of a new serotype which was not previously present. The new

acquisition rate was defined as the number of new serotype

acquisitions divided by the number of participants who were at a

risk of acquiring the new serotype. Thus, women who were

already previously colonized by a particular serotype were

excluded subsequently from the denominator for estimating

acquisition rate for the homotypic serotype. The rate of new

acquisitions by all GBS serotypes were calculated from the sum of

acquisition rates for the individual serotypes, and by using the

above methods for GBS acquisition rates in a serotype indepen-

dent manner. Clearance of colonization was defined as a negative

GBS culture for a specific serotype following a positive sample at

the previous visit for the homotypic serotype. The rate of

colonization clearance was defined as the number of GBS-

negative participants at the analyzed time point divided by the

number of participants at the previous visit who were positive for

that serotype, and was also calculated in a serotype independent

manner.

Survival analysis methods were used to estimate the duration of

colonization of specific serotypes. A colonizing event was defined

as the period of time between acquisition and clearance of a GBS

serotype. Date of acquisition was calculated as the midpoint

between the last visit without serotype-specific colonization and

the first visit at which a positive sample was obtained for the

homotypic serotype, while date for termination of serotype-specific

colonization was calculated as the midpoint between the last visit

with colonization and the subsequent negative visit for that

serotype. In this analysis, if colonization occurred at the first visit,

this was taken as the start of colonization, and if colonization

occurred at the last visit, a right censoring approach was applied.

We used the Kaplan-Meier method to estimate the duration of

GBS colonization. The log-rank test was used to examine

differences in duration of carriage between serotypes.

Positive predictive value (PPV) and negative predictive value

(NPV) were calculated for the culture results at different sampling

points with the 37–40 week visit as the reference standard. For

participants who were colonized with same serotype on multiple

visits, only one serotype specific isolate was used to study PI

association with capsular serotype.

The chi-square test was used to compare proportions. Logistic

regression analysis was used to determine the association between

GBS colonization and demographic characteristics at enrolment.

A p-value of ,0.05 was considered significant.

Ethics statement
The study was approved by the Human Research Ethics

Committee of the University of the Witwatersrand (IRB/Protocol-
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M090937) and informed written consent was obtained from all

participating mothers. The trial is registered with South African

National Clinical Trials Register, number DOH-27-0210-3012.

Results

Demographic characteristics
Of the 661 enrolled participants, 621 (93.9%), 595 (90.0%) and

521 (78.8%) completed visits 2, 3 and 4, respectively. Five-hundred

and seven (76.7%) women completed all four study visits. A

detailed trial profile is indicated in figure 1. The main reason for

women not attending all four visits was birth of the baby (13%;

86/661) before the final visit. The demographic characteristics are

displayed in table 1. The mean age of the participants at

enrolment was 25.9 (standard deviation; S.D65.6) years. Only 5

(0.76%) pregnant women have taken antibiotic treatment during

the study.

Prevalence of GBS colonization
The overall prevalence of recto-vaginal GBS colonization was

33.0% (218), 32.7% (203), 28.7% (171) and 28.4% (148) at 20–25

weeks, 26–30 weeks, 31–35 weeks and 37+ weeks of gestational

age, respectively. The lower prevalence of colonization associated

with 31–35 weeks and 37+ weeks compared to 20–25 weeks and

26–30 weeks was specifically associated with a decrease in

prevalence of vaginal colonization, table 2 (23.3% to 19.0%). In

the 86 women who gave birth before the final visit, vaginal GBS

colonization was detected in 17(19.8%) at the last attended visit

compared to 99/521 (19.0%) who gave birth after visit-4

(p = 0.867). The inclusion of rectal swab GBS-culture increased

the overall detection of GBS colonization by approximately 10%

across the four study time-points (p,0.0001) and the prevalence of

rectal colonization remained similar at each study time-point.

Of several demographic characteristics evaluated at enrolment

independently by univariate analysis, parity (OR: 1.22; 95% CI:

1.02–1.47; p = 0.030) and gravidity (OR: 1.17; 95% CI: 1.01–1.36;

p = 0.046), (Table 3) were significantly associated with GBS recto-

vaginal colonization, with the highest colonization prevalence

observed among women with parity $3 (42.1%) and gravidity of

$4 (41.7%), (Table 1). In a multivariate analysis, none of the

demographic characteristics were found to be associated with GBS

recto-vaginal colonization, (Table 3). In a serotype-specific

univariate analysis at enrolment, multiparity was associated with

a higher prevalence of serotype III colonization (OR: 1.37; 95%

CI: 1.07–1.76; p = 0.012), gravidity also showed possible associ-

ation with serotype III colonization (p = 0.068). In the multivariate

analysis parity was found to be associated with serotype III

colonization (Adjusted OR: 6.69; 95% CI: 1.47–30.4; P= 0.014).

Gravidity (p = 0.053) and abortions (p = 0.057) also showed a

possible association with serotype III colonization, (Table 3). None

of the demographic characteristics were found to be associated

with serotype Ia colonization in the univariate or multivariate

analysis. There were no identifiable factors associated with a

higher prevalence of colonization with GBS at visit-4 alone.

Serotype and pilus island distribution
The proportional representation of serotypes remained consis-

tent at each of the consecutive sampling time-points. Of women

colonized, the proportional representation of the major serotypes

were 36.2% to 41.4% for Ia, 31.3% to 34.9% for III, 10.3% to

15.6% for V, 7.2% to 7.5% for II, 3.5% to 4.6% for Ib, 2.0% to

4.0% for IV and 0.0% to 3.3% for IX (Table S1 in file S1). The

concordance of serotypes for GBS cultured concurrently from

vaginal and rectal swabs was 91.3%, 89.5%, 94.1% and 94.1% for

the four consecutive visits, respectively. Only 1.6% of GBS isolates

were serologically non-typable by latex agglutination and were

serotyped by PCR.

All GBS isolates harbored one or more PIs, either PI-2a on its

own or with a combination of PI-2a or PI-2b in combination with

PI-1.The most common PI arrangement was PI-2a on its own,

which occurred in 103/227 (45.4%), 92/211 (43.6%), 79/175

(45.1%) and 63/152 (41.5%) of isolates at visits 1–4, respectively,

followed by PI combination PI-2b and PI-1, which occurred in

75/227 (33.0%), 69/211 (32.7%), 68/175 (38.9%) and 58/152

(38.2%) of isolates at visits 1–4, respectively. The least common PI

arrangement was a combination of PI-2a and PI-1 which occurred

in 49/227 (21.6%), 50/211 (23.7%), 29/175 (16.0%) and 31/152

(20.4%) of isolates at visits 1–4, respectively. There were no

significant changes in the prevalence of PI distribution with respect

to different visits, with the exception of PI-2a which was less

common at visit-4 (18.0%, 94/521) compared to visit-1 (23.0%,

152/661; p = 0.007), and which was attributable to a lower

prevalence of serotype Ia at visit-4 (10.6%, 55/521) compared to

visit-1 (14.2%, 94/661).

There was a strong correlation between the presence of

particular combinations of PI and the serotype; Figure 2. Most

serotype Ia isolates were associated with PI-2a (94.9%; 148/156),

whereas the majority of serotype III isolates were associated with

the combination of PI-1 and PI-2b (88.2%; 105/119). The

association between PIs and serotype V was more variable, with a

PI-1+PI-2a combination occurring in 64.7% (33/51) and PI-2a

alone occurring in 29.4% (15/51) of isolates.

Changes in GBS colonization overtime
Five hundred and seven participants who completed all four

study visits were similar in their demographic characteristics

compared to the 154 participants not included in this analysis

(data not shown). In the analyzed subset, the prevalence of recto-

vaginal GBS colonization was 32.1% (163), 30.4% (154), 29.0%

(147) and 27.8% (141) at 20–25 weeks, 26–30 weeks, 31–35 weeks

and 37+ weeks of gestational age, respectively. Two hundred and

fifty-two (49.7%) women were colonized at least once during the

study period, of whom 70 (27.8%) were persistent carriers, 83

(32.9%) transient carriers and 99 (39.3%) were intermittently

colonized for any serotype (Table S2 in file S1).

The cumulative serotype-specific prevalence across the study

period was 23.7% (120/507) for Ia, 18.3% (93/507) for III, 7.1%

(36/507) for V, 4.3% (22/507) for II and 2.8% (14/507) for Ib. All

GBS serotypes were variable in their colonization patterns.

Comparing the three most common colonizing serotype carriers,

29% (27/93) of serotype III carriers were associated with persistent

colonization compared to serotype Ia (18%; 21/120; p = 0.045) or

V (6%; 2/36; p = 0.002). Serotype V was the most dynamic, with

94.4% (34/36) of colonized women either being transient or

intermittent carriers compared to 82.5% (99/120; p= 0.106) for Ia

and 71.0% (66/93; p = 0.004) for III. Only one serotype was

detected in 83.3% (210/252) of GBS carriers during the study

period, with 85.7% (60/70) of women persistently colonized being

associated with the same serotype.

Of the 16.7% (42/252) women in whom multiple serotypes

were detected over the study period, two serotypes were detected

in 9.5% (24/252) and three serotypes in 7.1% (18/252)

participants. Among women in whom multiple serotypes were

detected, a new serotype was observed at the immediate next visit

in 85.7% (36/42) of cases, while a new serotype was detected

following a period of no colonization by the preceding serotype in

six women.

Acquisition and Loss of GBS Colonization
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New acquisition and clearance of colonization
Three hundred and forty-four participants who completed all

four study visits were not colonized at visit-1, of whom 89 (25.9%)

became colonized at one of the subsequent three visits. When

including new serotype acquisition in those previously colonized

by a heterotypic serotype (n = 39), the cumulative overall recto-

vaginal acquisition rate of new serotypes during the study,

calculated from the sum of acquisition rates for the individual

serotypes was 27.9%. The number of new acquisitions was highest

for serotypes Ia (11.2%, 49/436), III (8.2%, 37/451) and V (4.3%,

21/492); table S2 in file S1. The mean new acquisition rate of

GBS was 11.4% (S.D60.5%) at 5–6 week visit intervals, including

11.6% between visit-1 and visit-2, and 10.8% and 11.7% in the

Figure 1. Trial Profile.
doi:10.1371/journal.pone.0098778.g001

Acquisition and Loss of GBS Colonization

PLOS ONE | www.plosone.org 4 June 2014 | Volume 9 | Issue 6 | e98778



intervals of subsequent consecutive visits. Of 163 participants who

were colonized at visit-1, 76 (46.6%) were no longer colonized by

visit-4. The rate of colonization-clearance was 75% (6/8) for

serotype Ib, 73.3% (11/15) for V and 63.4% (45/71) for Ia. The

overall clearance of any GBS colonization was 30.1% (49/163),

29.2% (45/154) and 32.7% (48/147) between visits-1 and -2,

visits-2 and -3, and visits-3 and -4, respectively. No demographic

characteristics were identified that were associated with either new

acquisition or clearance of colonization.

Duration of GBS colonization
The median duration of recto-vaginal GBS colonization was

6.35 weeks for serotype III, which tended to be longer than other

serotypes, including serotype Ia (median: 5.21 weeks; p = 0.02;

table 4) which was the second most common colonizing serotype.

The difference in duration of colonization between serotype III

and less prevalent serotypes was not statistically significant.

Table 1. Demographics of the study population at time of enrolment (n = 661).

Demographic characteristic Overall (n =661) GBS Colonized GBS Uncolonized

Age (years) ,20 92 (13.9%)a 27 (29.3%)b 65 (70.7%)c

Mean age: 25.9 (S.D65.6) 20–24 234 (35.4%) 78 (33.3%) 156 (66.6%)

25–28 161 (24.4%) 53 (32.9%) 108 (67.1%)

29–32 95 (14.4%) 29 (30.5%) 66 (69.5%)

33–35 40 (6.1%) 20 (50.0%) 20 (50.0%)

36+ 39 (5.9%) 11 (28.2%) 28 (71.8%)

Parity 0 338 (51.1%) 97 (28.7%) 241 (71.3%)

Median parity: 0 (range; 0–5) 1–2 304 (46.0%) 113 (37.2%) 191 (62.8%)

3–5 19 (2.9%) 8 (42.1%) 11 (57.9%)

Gravidity 1 286 (43.3%) 80 (28.0%) 206 (72.0%)

Median gravidity: 2 (range; 1–8) 2 221 (33.4%) 80 (36.2%) 141 (63.8%)

3 106 (16.0%) 38 (35.8%) 68 (64.2%)

$4 48 (7.3%) 20 (41.7%) 28 (58.3%)

Previous Abortion (spontaneous) 0 553 (83.7%) 176 (31.8%) 377 (68.2%)

Median abortion: 0 (range; 0–3) 1 88 (13.3%) 36 (40.9%) 52 (59.1%)

2 19 (2.9%) 6 (31.6%) 13 (68.4%)

3 1 (0.2%) 0 (0.0%) 1 (100%)

Stillborn 0 651 (98.5%) 214 (32.9%) 437 (67.1%)

Median stillbirths: 0 (range; 0–1) 1 10 (1.5%) 4 (40.0%) 6 (60.0%)

aData are no (%) of total participants, b,cData are row %.
doi:10.1371/journal.pone.0098778.t001

Table 2. Prevalence of Group B Streptococcus colonization during the study visits.

Site of colonization Visit-1 Visit-2 Visit-3 Visit-4

(20–25 weeks) (26–30 weeks) (31–35 weeks) 37+weeks)

n=661 n=621 n=595 n=521

Mean gestation age:
22.7 weeks Mean gestation age: 27.9 weeks

Mean gestation age: 32.5
weeks

Mean gestation age: 37.5
weeks

Vaginal only (%; 95% CI) 62 65 47 31

(9.4%; 7.2–11.6) (10.5%; 8.1–12.9) (7.9%; 5.7–10.1) (5.9%; 3.9–7.9)

Rectal only (%; 95% CI) 64 62 56 49

(9.7%; 7.5–12.0) (10%; 7.6–12.4) (9.4%; 7.1–12.0) (9.4%; 6.9–11.9)

Both vaginal and
rectal (%; 95% CI)

92 76 68 68

(13.9%; 11.3–16.5) (12.2%; 9.63–14.8) (11.4%; 8.9–14.0) (13.1%; 10.2–16.0)

Vaginal and/or rectal
(%; 95% CI)

218 203 171 148

(33.0%; 29.4–36.6) (32.7%; 29.0–36.4) (28.7%; 25.1–32.3) (28.4%; 24.5–32.3)

CI-Confidence interval, n = number of participants.
doi:10.1371/journal.pone.0098778.t002
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Predictive values for each visit culture with respect
culture status at visit-4
Positive and negative predictive values of serotype-specific

culture at 20–25 weeks, 26–30 weeks and 31–35 weeks of

gestational age compared to 37+ weeks colonization status are

presented in table 5. The overall positive predictive values were

53.4%, 61.7% and 67.4% for GBS-positive cultures at 20–25

weeks, 26–30 weeks and 31–35 weeks, respectively, relative to

positivity at 37+ weeks, while the negative predictive values for 20–

25 weeks, 26–30 weeks and 31–35 weeks ranged from 84.3% to

88.3%. Serotypes Ia and V had lower PPVs compared with

serotype III at each time-point. The observed PPVs at 31–35

weeks, were 55–70% for the three commonest serotypes.

Discussion

To our knowledge this is the first serotype-specific longitudinal

study conducted of recto-vaginal GBS colonization in pregnant

women, in whom we demonstrated a high prevalence and

acquisition rate of GBS recto-vaginal colonization. The overall

rate of new acquisition at 5–6 week interval is in agreement with a

previous study of non-pregnant women, although, the serotype-

specific rates differed [14]. All GBS serotypes were variable in

their colonization patterns, possibly due to the complex interaction

between immunity and specific GBS serotypes, which is still

incompletely understood. It may be that the higher frequency of

persistent colonization and longer overall duration of colonization

by serotype III, is related to a weaker natural immune response

Table 3. Univariate and multivariate association between serotype-specific colonization and observed demographic
characteristics at enrolment.

Characteristic

Overall GBS colonization at
enrolment Serotype III colonization at enrolment Serotype Ia colonization at enrolment

Univariate Multivariate Univariate Multivariate Univariate Multivariate

OR (95% CI), p AOR (95% CI), p OR (95% CI), p AOR (95% CI), p OR (95% CI), p AOR (95% CI), p

Age 0.98 (0.95–1.02), 1.01 (0.97–1.06), 0.98 (0.92–1.03), 1.00 (0.96–1.04), 0.99 (0.94–1.04),

0.536 0.527 0.45 0.96 0.656

Parity 1.99 (0.83–4.79), 1.37 (1.07–1.76), 6.69 (1.47–30.4), 1.05 (0.82–1.34), 0.71 (0.27–1.90),

0.121 0.012 0.014 0.69 0.499

Gravidity 0.63 (0.27–1.50), 1.22 (0.99–1.51), 0.22 (0.05–1.02), 1.11 (0.91–1.35), 1.48 (0.57–3.81),

0.296 0.068 0.053 0.317 0.422

Abortion 1.77 (0.73–4.30), 1.10 (0.66–1.81), 4.14 (0.96–18.0), 1.25 (0.82–1.91), 0.86 (0.31–2.38),

0.207 0.721 0.057 0.298 0.774

Stillborn 1.25 (0.32–4.94), 0.94 (0.12–7.51), 0.76 (0.08–7.30), 2.60 (0.66–10.3), 2.14 (0.49–9.29),

0.741 0.951 0.813 0.171 0.309

OR: odds ratio; AOR: adjusted OR; CI: confidence interval.
doi:10.1371/journal.pone.0098778.t003

Figure 2. Association of pilus island proteins and serotypes among Group B Streptococcus isolates.
doi:10.1371/journal.pone.0098778.g002
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associated with its colonization compared to other serotypes [15].

Consequently, there is a higher risk of exposure at birth to serotype

III in our population, which corroborates with it being responsible

for 49.2% to 57.7% of EOD in our setting [16,17]. The higher

acquisition rate of serotype Ia may result in there being inadequate

time for natural immunity to this serotype developing in the

pregnant woman, which consequently increases the newborn’s risk

of developing EOD from serotype Ia, associated with 22.6% to

31% of EOD cases in our setting [16,17].

The high incidence of new acquisition and loss of colonization

during pregnancy highlights why screening is required as late as

35–37 weeks’ gestational age for the IAP strategy to be effective,

which is concordant with another study in pregnant women [18].

In our study, if women had been screened at 31–35 weeks, 29.1%

(42/141) of those who were colonized at 37+ would not have had

IAP offered to them and a lesser proportion (13.3%; 48/366) may

have unnecessarily received IAP as they were no longer colonized

at 37+ weeks. Although we did not identify any demographic

characteristics associated with new acquisition or clearance of

GBS, additional risk factors such as sexual activity during

pregnancy were not fully explored [19]. The PPV of GBS cultures

obtained from 20–35 weeks varied in serotype distribution

compared to that at 37+ weeks. The prevalence of different

GBS serotypes in a particular population can affect the PPV of late

antenatal GBS cultures.

The high cumulative prevalence of GBS colonization (49.7%)

found in our study is comparable to longitudinal studies from

Denmark and Zimbabwe [8,10]. Furthermore, the prevalence of

colonization observed by us at 37+ weeks of gestational age was

28.4% (148/521), which was similar to that reported in cross-

sectional studies from Europe [20] and USA [21]. The prevalence

of GBS colonization from African countries ranges from 16.5% in

Malawi, 21–23% in The Gambia, Ethiopia and Tanzania and

31.6% in Zimbabwe [22,23,24,25,26]. Our results also showed a

decrease in the prevalence of GBS colonization with respect to

increase in gestational age. This finding agrees with studies from

the USA and Australia [9,27] but contrasts with others that

reported an increase in colonization with increasing gestational

age [28,29].

Our findings on the dominant serotypes are comparable with

serotype distribution data of maternal colonizing isolates from

industrialized countries, including 13% to 35% for serotype Ia and

15% to 44% for serotype III [6]. The identification of serotype IX

in our study was notable in that it is rarely reported in colonizing

studies and not previously described in Africa. To our knowledge,

only 8 GBS colonizing isolates have been identified as serotype IX,

including three from Denmark, two from Germany and one each

from Canada, Hong Kong and Australia [30]. Our data on PI

distribution is comparable to earlier published studies [7,31]

showing that all GBS isolates carried at least one PI, and were

Table 4. Estimated duration of Group B Streptococcus recto-vaginal colonization.

Serotype Colonization duration (weeks)*

Mean (95% CI) Median p-value{

Ia 7.52 (6.6–8.4) 5.21 0.026

Ib 5.22 (4.03–6.42) 3.62 0.358

II 6.11 (5.07–7.16) 4.24 0.736

III 9.15 (8.1–10.2) 6.35 Reference

IV 6.94 (3.8–10.0) 4.81 0.998

V 8.60 (6.80–10.39) 5.96 0.332

IX 6.21 (4.7–7.7) 4.31 0.651

*Time from enrolment, CI-Confidence interval,
{compared to serotype III.
doi:10.1371/journal.pone.0098778.t004

Table 5. Predictive value for 20–25, 26–30 and 31–35 weeks cultures in relation to culture status at 37+ weeks.

Serotype 20–25 weeks 26–30 weeks 31–35 weeks

PPV % (95% CI) NPV % (95% CI) PPV % (95% CI) NPV % (95% CI) PPV % (95% CI) NPV % (95% CI)

Overall GBS 53.4 (45.4–61.2) 84.3 (80.0–88.0) 61.7 (53.5–69.4) 87.0 (83.0–90.3) 67.4 (59.1–74.9) 88.3 (84.6–91.5)

Ia 36.6 (25.5–48.9) 94.5 (91.9–96.4) 49.2 (36.1–62.3) 95.5 (93.2–97.2) 55.0 (41.7–67.9) 96.2 (94.0–97.8)

Ib 25.0 (3.9–65.0) 99.0 (97.7–99.7) 66.7 (22.7–94.7) 99.4 (98.3–99.9) 75.0 (20.3–95.9) 99.2 (98.0–99.8)

II 38.5 (14.0–68.4) 98.8 (97.4–99.6) 54.6 (23.5–83.1) 99.0 (97.7–99.7) 75.0 (42.8–94.2) 99.6 (98.5–99.9)

III 58.9 (45.0–71.9) 95.8 (93.5–97.4) 62.8 (48.1–75.9) 95.6 (93.3–97.3) 67.9 (53.7–80.1) 96.5 (94.3–98.0)

IV 50.0 (12.4–87.6) 100 (99.2–100) 60.0 (15.4–93.5) 100 (99.2–100) 75.0 (20.3–95.9) 100 (99.3–100)

V 26.7 (8.0–55.1) 97.2 (95.3–98.4) 47.6 (25.8–70.2) 98.4 (96.8–99.3) 57.1 (28.9–82.2) 98.0 (96.3–99.0)

IX 100 (19.3–100) 99.6 (98.6–99.9) 50.0 (12.4–87.6) 99.8 (98.9–100) 100 (30.5–100) 99.8 (98.9–100)

PPV: Positive predictive value, NPV: Negative predictive value, CI-Confidence interval.
doi:10.1371/journal.pone.0098778.t005
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associated with the presence of either PI-2a or PI-2b identified

alone or in combination with PI-1.

Our study is limited by the sensitivity of detection of GBS on

selective media which is estimated at 85% [11] and by the fact that

in most cases only the dominant serotype was determined. This

can lead to an underestimation of persistent colonization, an

overestimation of new acquisitions, and an underestimation of the

duration of carriage.

Recent developments in the clinical evaluation of a tri-valent

GBS polysaccharide-protein conjugate vaccine has renewed

interest in the potential of this vaccine to protect neonates against

invasive GBS disease by reducing recto-vaginal colonization

during pregnancy [32]. The findings of this study will be important

in considering study design when evaluating the efficacy of

maternal GBS vaccination protecting against GBS recto-vaginal

acquisition and colonization during pregnancy as surrogate

information on clinical vaccine efficacy may be gained by

determining the immune responses that correlate with protection

against serotype-specific GBS acquisition and colonization during

pregnancy.
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