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Abstract. Maternal group B Streptococcus (GBS) colonization is amajor risk factor for neonatal GBS infection. However,
data on GBS are scarce in low- and middle-income countries. Using sociodemographic data and vaginal swabs collected
from an international cohort of mothers and newborns, this study aimed to estimate the prevalence of GBS colonization
among pregnant women in Madagascar (n = 1,603) and Senegal (1 = 616). The prevalence was 5.0% (95% ClI, 3.9-6.1)
and 16.1% (95% Cl, 13.1-19.0) in Madagascar and Senegal, respectively. No factors among sociodemographic character-
istics, living conditions, and obstetric history were found to be associated independently with GBS colonization in both coun-
tries. This community-based study provides one of the first estimates of maternal GBS colonization among pregnant women
from Madagascar and Senegal.

INTRODUCTION in early-onset GBS cases.? However, the level of late-onset
GBS cases remained unmodified.® In LMICs, the feasibility
of IAP is not fully confirmed. Maternal immunization could be
a promising cost-effective strategy to reduce the overall bur-
den of GBS infection in newborns.'®'" An effective vaccine
could also be an asset for addressing cases of late-onset
GBS, preventing GBS-linked preterm births and stillbirths,
as well as invasive infections in non-obstetric contexts in
both HICs and LMICs."?

In the context of advances in vaccine development'> and
uncertainties in implementing IAP programs in LMICs, accu-
rate assessment of the burden of GBS infections in these
settings is urgently needed. Investigating maternal GBS colo-
nization in LMICs will provide useful data on the reservoir for
GBS transmission to newborns and inform the impact of
upcoming vaccines. Thus, using the data from an international
cohort of mothers and newborns (Bacterial Infections and
anti-microbial Drug Resistant Diseases among Young Chil-
dren in Low-Income Countries [BIRDY]), we sought to esti-
mate the prevalence of GBS colonization in pregnant women

The burden of group B Streptococcus (GBS) infection
among infants younger than 3 months was estimated to be
90,000 deaths worldwide in 2015. In addition, GBS is esti-
mated to have caused up to 3.5 million preterm births and
57,000 stillbirths.” The burden is predominantly in low- and
middle-income countries (LMICs). African countries
accounted for 54,000 infant deaths and 42,000 estimated still-
births resulting from GBS infection.’

GBS is a Gram-positive bacterium frequently present in
adult gastrointestinal and genital tracts.? It is responsible for
two different types of severe neonatal infection: early-onset
GBS infection, resulting from mother-to-child transmission
either in utero or at delivery3; and late-onset GBS infection,
with a mode of transmission that appears to involve both ver-
tical and horizontal transmission.* Maternal GBS colonization
in late-stage pregnancy is the most important risk factor for
neonatal GBS infection.® This association has been explored
extensively in high-income countries (HICs). A recent review
estimated the mean prevalence of maternal GBS colonization
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to be 17.9% worldwide.® However, in some regions of the in Madagascar and Senegal and to identify factors potentially
world, primarily low-income and rural settings such as Central associated with such colonization.
and West Africa, there is currently a lack in GBS prevalence
data.’ MATERIALS AND METHODS

In most HICs, the use of intravenous intrapartum antibiotic
prophylaxis (IAP) (penicillin) in culture-positive women was Data source, inclusion criteria, and study setting. BIRDY
implemented in the 1990s and led to a Spectacular reduction is a multicenter cohort Study launched to address the lack of

epidemiological data concerning drug-resistant neonatal
and infantile bacterial infections in LMICs."* As part of the pro-
ject, our study included pregnant women in Antananarivo (an

Address correspondence to Muriel Vray, Institut Pasteur Paris, urban setting with three districts near Institut Pasteur de Mad-
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Ficure 1. Study sites maps. This figure appears in color at www.ajtmh.org.

Guédiawaye (an urban setting within the Wakhinane Nimzatt
district; 4,000 births/year) and Sokone (a rural setting
with14,500 inhabitants) in Senegal (Figure 1). At each study
site, pregnant women were recruited consecutively via the
local primary health-care center—which covers the selected
districts, door-to-door home visits by “matrons” (influential
women within the local communities who play a role in preg-
nancy follow-up and delivery), and investigators within the
selected locations—during their third trimester of pregnancy
or at delivery, at which point a lower vaginal swab was col-
lected to screen for GBS colonization. Health-care workers
(nurses and midwives) and collaborating matrons were trained
for the project. Recruitment occurred from September 2012 to
December 2016 in Madagascar. In Senegal, women were
recruited from October 2013 to December 2018. In our study,
we only included women from the cohort who underwent an
effective GBS screening.

Data collection. Collected variables were as follows: 1)
sociodemographic factors (age, marital status, education,
and employment), 2) living conditions (access to electricity,
type of sanitation [indoor latrines and outdoor pour-flush
latrines were considered as improved sanitation], number of
people living under the same roof), 3) brachial circumference
to determine nutritional status (undernutrition if < 24 cm'),
4) obstetric history (gravidity/parity, history of child death/still-
birth/miscarriage), 5) pregnancy follow-up information (num-
ber of antenatal consultations, professional pregnancy
follow-up [physician, midwife, or nurse], and 6) medication
during the current pregnancy (antibiotic consumption; iron/

folate supplementation; intermittent preventive treatment of
malaria in pregnancy with sulfadoxine-pyrimethamine [IPTp-
SP], defined as an intake of at least one dose during preg-
nancy; number of doses of IPTp-SP; mosquito net use). The
case report form is presented in Supplemental Figure 1. Col-
lected data underwent quality assessment initiated both
locally and centralized by the project’s data manager (Institut
Pasteur). Paper data entry forms were reviewed, and errors
and inconsistencies were corrected by clarifying with
the source.

GBS screening. Trained personnel collected the samples
using sterile dry swabs in health-care facilities or at home.
All samples were transported without transport medium to
Institut Pasteur laboratories then stored in refrigerators before
GBS screening was conducted.

Isolates were plated onto a selective growth medium—BD
Group B Streptococcus Differential agar (Granada Medium,
Becton Dickinson, Franklin Lakes, NJ, a proteose peptone
starch agar with 3-[N-morpholino]propanesulfonic acid,
which is a buffering agent] and phosphate, and supplemented
with methotrexate and antibiotics) in Senegal and BD Colom-
bia colistin and nalidixic acid (CNA) agar (Becton Dickinson,
Franklin Lakes, NJ) with 5% sheep blood in Madagascar—
and incubated for 24 to 48 hours at 37°C in 5% carbon dioxide
(anaerobic incubation for Granada Medium). In Senegal, the
colonies were identified by morphological determination and
a latex agglutination test (SLIDEX® Strepto Plus, bioMérieux,
Marcy—I’EtoiIe, France). In Madagascar, the colonies were
identified by morphological determination, beta hemolysis,
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and directly by matrix-assisted laser desorption/ionization—
time of flight mass spectrometry (MALDI Biotyper®, Bruker
Daltonics, Billerica, MA).

Statistical methods. Because Senegalese and Malagasy
study population characteristics—demographics, socioeco-
nomic background, cultural practices, and habits—and prev-
alence of maternal GBS colonization differed substantially,
separate analyses were carried out. Quantitative variables
were expressed as median (interquartile range); qualitative
variables were expressed as a percentage and a 95% Cl for
GBS colonization prevalence. The GBS-positive versus
GBS-negative groups were compared using the x? test or
Fisher’'s exact test for qualitative variables, and Wilcoxon
rank-sum test for quantitative variables. Factors associated
potentially with maternal GBS colonization were selected
based on prior knowledge.'®"'® Because of the important
number of missing values concerning antibiotic consumption
during pregnancy, this variable was not included in the analy-
sis. The selected variables were first assessed in a univariate
analysis and were then included in a logistic regression with
backward elimination if the P value was less than 0.25.
When two or more variables were correlated, the variables
with the smaller P value were retained (age, gravidity, and par-
ity). The significance threshold was fixed at 0.05. Statistical
analyses were performed using Stata 14.0 (StataCorp LLC,
College Station, TX).

Ethics and data protection. The BIRDY protocol was
approved by the relevant national ethics committees for health
research of Madagascar (068-MSANP/CE), Senegal (SEN 14-
20) and France (IRB/2016/08/03, Institut Pasteur). Women
were included after receiving information about the project,
agreeing to biological sampling on themselves and their new-
borns, and signing an informed consent form. BIRDY provided
free-of-charge tests and treatments of infantile infections dur-
ing the follow-up period. BIRDY data collection has been
declared to the Commission nationale de I'informatique et
des libertés (a French national data protection authority), in
accordance with French law.

RESULTS

Prevalence of maternal GBS colonization. A vaginal
swab was performed in 1,618 (68.0%) of the 2,379 women
recruited in Madagascar. Samples suitable for analysis were
reported for 1,603 women. In Senegal, 616 vaginal swabs
out of 770 participants (80.0%) were collected.

Comparison of the main characteristics of the women
according to their screening status (effectively screened ver-
sus not screened for GBS) showed those with effective GBS
screening came more frequently from the urban setting in
Madagascar (72.2% of the women from the urban setting
were effectively screened versus 64.2% in the rural setting;
P < 0.001). Age and gravidity were slightly greater in women
who were not screened for GBS. No significant difference
between the rural and urban settings was observed in Senegal
(79.6% of the women from the urban setting were effectively
screened versus 74.5% in the rural setting; P = 0.097). Age
and gravidity were also comparable between women accord-
ing to their screening status.

Sociodemographic characteristics and pregnancy follow-
up outcomes of women effectively screened for GBS coloni-
zation according to country and setting are available in Tables

1 and 2. Women from Senegal were slightly older and had
greater gravidity. Education level was greater in Madagascar.
Women from Senegal had more frequent access to electricity
at home and improved sanitation compared with women from
Madagascar.

In Madagascar, the prevalence of maternal GBS coloniza-
tion was 5.0% (95% ClI, 3.9-6.1), with 80 GBS-positive
women. The prevalence was greater in the rural setting
(5.9% versus 3.7%; P = 0.042). In Senegal, the prevalence
of maternal GBS colonization was 16.1% (95% Cl,
13.1-19.0), with 96 GBS-positive women. The prevalence
was greater in the urban setting compared with rural setting,
although the difference was not statistically significant
(17.9% versus 12.8%; P = 0.098). Detailed study flowcharts
are shown in Figures 2 and 3.

Factors associated with maternal GBS colonization.
The results of univariate and multivariate analyses are shown
in Table 3. In Madagascar, urban setting (odds ratio, 0.61;
95% CI, 0.38-0.99) and history of miscarriage (odds ratio,
0.39; 95% CI, 0.16-0.99]) were associated with a lower risk
of maternal GBS colonization in univariate analysis. No factors
were found to be associated independently with maternal
GBS colonization in the multivariate analysis. In Senegal,
none of the factors were associated with a greater risk of
maternal GBS colonization in univariate and multivari-
ate analyses.

DISCUSSION

To our knowledge, our study is the first to report the preva-
lence of GBS colonization among pregnant women in Mada-
gascar, and one of the few reported studies in Senegal. A
strength of this study was the community-based recruitment,
which covered a high proportion of pregnant women, followed
in the local primary health-care center in both urban and rural
settings. In fact, the majority of maternal GBS colonization
prevalence estimates in low-income settings come from ter-
tiary referral hospital-based or laboratory-based sampling,
which may tend to overrepresent women from urban areas.
All cases of GBS colonization were confirmed by quality labo-
ratory analysis.

Observed prevalence of maternal GBS colonization was
greater in Senegal (16.1%) and was consistent with previous
studies in Dakar'® and the Gambia.?° In Senegal, GBS were
identified using the same techniques as those used by Brochet
et al."® on samples from Dakar and Bangui. The prevalence in
Madagascar (5.0%) was unexpectedly lower than available
estimates in eastern Africa, which are usually found to be
around 20%.”?" In fact, different microbiology techniques
were used in Madagascar and Senegal. More specifically,
two different growth media were used in Madagascar and
Senegal (sheep blood agar with CNA and Granada medium,
respectively). Although both media are considered to be suit-
able for GBS culture,?>2® the sensitivity of the sheep blood
agar with CNA seems to be decreased by 25% to 35% com-
pared with Granada medium, according to available
data.???* The different microbiology techniques could explain
a part of the observed difference in prevalence of maternal
GBS colonization between the two countries.>’ However,
the different techniques do not fully explain the significant dif-
ference of prevalence observed between the two countries.
The literature shows that maternal GBS colonization
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TABLE 2
Pregnancy course follow-up according to country and study site
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Madagascar Senegal
Overall Urban Rural Overall Urban Rural
Variable (n = 1,603) (n = 676) (n =927) P value* (n = 598) (n = 379) (n =219) P value*
Pregnancy follow-up setting
No. of antenatal consultations, 3 (2-4) 3 (2-4) 4 (3-4) < 0.0001 2 (1-3) 2 (2-3) 2 (1-3) NS
median (IQR)
Professional follow-up, n (%) 1,589/ 668/676 921/926 NS 557/563 343/345 214/218 NS
1,602 (99) (99) (99) (99) (99) (98)
Antimicrobial consumption during 214/ 95/590 119/845 NS 39/454 (9) 28/243 12/211 (6) 0.040
pregnancy, n (%) 1,435 (15) (16) (14) (11)
Supplementation
Iron supplementation, n (%) 1,319/ 498/675 821/927 < 0.001 573/595 366/377 207/218 NS
1,602 (82) (74) (89) (96) 97) (95)
Folate supplementation, n (%) 1,260/ 461/671 799/923 < 0.001 415/574 266/361 149/213 NS
1,594 (79) (69) 87) (72) (74) (70)
Malaria-related information
IPTp-SP, n (%) 844/ 72/676 772/927 < 0.001 460/592 288/377 172/215 NS
1,603 (53) (11) (83) (78) (76) (80)
No. of IPTp-SP doses, median 1(0-2) 0 (0-0) 2 (1-2) < 0.0001 1(1-1) 1(1-2) 1(1-1) < 0.0001
(IQR)
Mosquito net use, n (%) 1,045/ 296/676 749/927 < 0.001 364/583 173/376 191/207 < 0.001
1,603 (65) 44) (81) (62) (46) (92)
Reported malaria cases, n (%) 2 0 2 - 1 0 1 -

IPTp-SP = intermittent preventive treatment of malaria in pregnancy with sulfadoxine-pyrimethamine; IQR = interquartile range; NS = not significant. Bold values indicate statistically significant

differences.

* P values resulting from comparisons of urban and rural populations.

BIRDY Madagascar
(n=2,379)
|
Antananarivo Moramanga
(n=936) (n = 1,443)
y y
678 (72.4%) vaginal swabs 940 (65.1%) vaginal swabs
I 2 (0.3%) missing results ] I

676 (99.7%) available results
651 (96.3%) negative

25 (3.7%) positive

A

927 (98.6%) available results
872 (94.1%) negative

55 (5.9%) positive

Ficure 2.  Madagascar flowchart.

13 (1.4%) missing results
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BIRDY Senegal

(n=1770)
|
Guédiawaye Sokone
(n=476) (n=294)
A\ 4 y
385 (80.9%) vaginal swabs 231 (78.6%) vaginal swabs

—.[ 6 (1.6%) missing result ] —,[ 12 (5.2%) missing results

v v

379 (98.4%) available results 219 (94.8%) available results
311 (82.0%) negative 191 (87.2%) negative
68 (18.0%) positive 28 (12.8%) positive

Ficure 3. Senegal flowchart.

TABLE 3
Crude and adjusted odds ratio for maternal group B Streptococcus colonization
Madagascar” GBS- (n = 1,523) GBS+ (n = 80) Crude OR 95% ClI P value aOR (n = 1,603)t 95% ClI P value
Urban setting (vs. rural setting) 651/1,523 (43) 25/80 (31) 0.61 0.38-0.99 0.0393 0.62 0.38-1.00 0.051
Married (yes vs. no) 1,446/1,523 (95) 75/80 (94) 0.80 0.31-2.03 0.6468 - - -
Education (secondary and more 1,144/1,523 (75) 60/80 (75) 0.99 0.59-1.67 0.9815 - - -
vs. absence or primary)
Unemployed (yes vs. no) 1,070/1,523 (70) 58/80 (73) 1.12 0.68-1.85 0.6662 - - -
Electricity available at home (yes 1,157/1,523 (76.0) 62/80 (78) 1.09 0.64-1.87 0.7528 - - -
VS. NO)
Improved sanitation (yes vs. no) 160/1,523 (11) 8/80 (10) 0.95 0.45-2.00 0.8848 - - -
Gravidity (per 1 year) 2 (1-3) 2 (1-3) 0.90 0.76-1.06 0.1882 0.93 0.78-1.11 0.430
History of miscarriage (yes vs. no) 220/1,523 (14) 5/80 (6) 0.39 0.16-0.99 0.0236 0.45 0.17-1.18 0.104
History of stillbirth (yes vs. no) 54/1,523 (4) 3/80 (4) 1.06 0.32-3.47 0.9240 - - -
IPTp-SP (yes vs. no) 800/1,523 (53) 44/80 (55) 1.10 0.70-1.74 0.6657 - - -
Senegal* GBS- (n = 502) GBS+ (n = 96) Crude OR 95% ClI P value aOR (n = 594)t 95% ClI P value
Urban setting (vs. rural setting) 311/502 (62) 68/96 (71) 1.49 0.93-2.40 0.0934 - - -
Married (yes vs. no) 463/502 (92) 89/96 (93) 1.07 0.46-2.47 0.8714 - - -
Education (secondary and more 140/502 (28) 18/96 (19) 0.60 0.34-1.03 0.0553 0.62 0.36-1.07 0.087
vs. absence or primary)
Unemployed (yes vs. no) 349/487 (72) 63/91 (69) 0.89 0.55-1.45 0.6397 - - -
Electricity available at home (yes 489/499 (98) 93/96 (97) 0.63 0.17-2.35 0.5123 - - -
VS. NO)
Improved sanitation (yes vs. no) 290/498 (58) 47/96 (49) 0.69 0.44-1.07 0.0944 0.71 0.46-1.10 0.122
Age (per 1 year) 7 (22-32) 8 (25-34) 1.02 0.99-1.06 0.1485 - - -
History of miscarriage (yes vs. no) 97/501 (19) 24/96 (25) 1.39 0.83-2.32 0.2177 - - -
History of stillbirth (yes vs. no) 31/501 (6) 7/96 (7) 1.19 0.51-2.79 0.6899 - - -
IPTp-SP (yes vs. no) 390/496 (79) 70/96 (73) 0.73 0.44-1.20 0.2270 - - -

aOR = adjusted odds ratio; GBS = group B Streptococcus; GBS- = GBS-negative women; GBS+ = GBS-positive women; IPTp-SP = intermittent preventive treatment of malariain pregnancy with

sulfadoxine-pyrimethamine; OR = odds ratio. Bold values indicate statistically significant differences.
*Variables are expressed as frequency (percentage) or median (interquartile range).
T Total number of included in final model.
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prevalence varies across different regions of the world.
According to existing systematic reviews and meta-
analyses, the prevalence tends to be greatest in sub-
Saharan Africa (within which southern Africa presents the
highest estimates, at 25-30%; followed by central and eastern
Africa, at 20%; and finally western Africa, at 15-20%), lowest
in Asia-Pacific regions, and intermediate in Europe and the
Americas.®?"2® Cambodia was also part of BIRDY; however,
data from Cambodia were notincluded in this study as a result
of too few cases of maternal GBS colonization (only four
women of 819 tested positive). According to our results,
Madagascar’s prevalence seems to be closer to the estimates
observed in Asia. This suggests the potential role of maternal
host factors, including genetic determinants, considering the
partially Asian ancestry of Malagasy people. The prevalence
of maternal GBS colonization and the incidence of neonatal
GBS infection seem to differ according to study location and
ethnic group even when assessed within the same coun-
try.2627 This difference may, in part, be a result of maternal
immune response to GBS colonization.'®

No independent factors associated with GBS colonization
were identified in Madagascar and Senegal, probably
because of the relatively small number of GBS-positive
women and the decision to not pool data from the two coun-
tries as aresult of substantial differences in population charac-
teristics. Although prevalence of maternal GBS colonization
seems to vary across settings, age, ethnicity, personal
hygiene practices, sexual practices, and gynecological and
obstetrical history, and some particular health conditions
such as obesity, are the most frequently described factors
associated with GBS colonization in women of reproductive
age.?® Although GBS was understood previously to be sexu-
ally transmissible, sexual transmission does not seem to be
the main mode of contamination.?® Certain foods as well as
hygienic and sexual practices may explain GBS colonization,
suggesting multiple pathways of transmission.® Apart from
some variables related to living conditions, these data were
not collected in our study and further research is needed to
clarify the specific modes of transmission of GBS and host-
related factors associated with GBS colonization.

Our study has several limitations. First, coverage of GBS
screening was only partially complete. In fact, GBS results
were available for 1,603 women (67.1%) in Madagascar and
598 women (77.7%) in Senegal. This resulted from screening
material not being available at the beginning of the study. No
differences were observed in sociodemographic characteris-
tics among women according to their screening status in Sen-
egal. Consequently, we can assume the prevalence of GBS
colonization was not biased by the incomplete screening. In
Madagascar, however, women who were not screened for
GBS colonization tended to be from the rural setting (preva-
lence was greater in the rural setting in Madagascar), which
could have contributed to underestimating the overall preva-
lence of maternal GBS colonization. A second limitation is
linked to sampling strategy and the material used to collect
and transport samples. In fact, the CDC guidelines* recom-
mend rectovaginal sampling to maximize the probability of
detection of GBS. In our study, GBS screening was based
solely on vaginal sampling instead of rectovaginal sampling.
Moreover, collected samples from rural sites were transported
without a transport medium. Using an appropriate transport
medium or commercial solutions such as flocked swabs

(ESwab™; Copan Diagnostics, Brescia, Italy) could have
increased the recovery of GBS from collected samples. There-
fore, GBS colonization prevalence is likely to be underesti-
mated in both countries. Transport duration and delay
between sample reception and processing at the laboratories
possibly have an impact on observed results. However, the
exact time of sampling was not collected in our study; conse-
quently, GBS positivity could not be assessed in relation to
time from sample collection to its processing. Last, because
the cohort was designed primarily to examine drug-resistant
neonatal and infantile bacterial infections, we did not have
the resources to perform serotype identification on all col-
lected samples. Hence, serotype identification was performed
on a small number of randomly selected samples (n =16) from
Madagascar, among which three “hypervirulent” serotype lll,
sequence type 17 (ST-17) strains, known to cause neonatal
meningitis and invasive late-onset GBS,®! were identified.

GBS remains one of the priority targets of vaccine develop-
ment as defined by the WHO.3? Numerous trials implying
different types of candidates for maternal immunization are
currently underway.®® Because maternal GBS colonization
was not the main research question of the BIRDY cohort, it
could only be explored in part. Nonetheless, using the avail-
able data, our study results provide rare estimates of maternal
GBS colonization in Madagascar and Senegal.
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