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Background. Infection causes 1 of every 5 neonatal deaths globally. Group B Streptococcus (GBS) is the most significant patho-
gen, although little is known about its epidemiology and risk in low-income countries.

Methods. A cross-sectional study in 2015 at a public hospital in Guatemala City enrolled women ≥35 weeks’ gestation. Vaginal 
and rectal swabs were processed using Lim broth and GBS CHROMagar then agglutination testing. Risk factors were assessed using 
multivariate analysis. Vaginal microbiota were profiled by 16S ribosomal ribonucleic acid sequencing in a subset of 94 women.

Results. Of 896 pregnant women, 155 (17.3%; 95% confidence interval [CI], 14.9–19.9) were GBS colonized. Colonization was 
associated with history of previous infant with poor outcome (odds ratio [OR], 1.94; 95% CI, 1.15–3.27) and increasing maternal age 
(OR, 1.05; 95% CI, 1.02–1.09). Multiparity was protective (OR, .39; 95% CI, .21–.72). Four (6%) GBS-exposed infants had early-on-
set neonatal sepsis. Vaginal microbiome composition was associated with previous antibiotic exposure (P = .003) and previous low 
birth weight infant (P = .03), but not GBS colonization (P = .72). Several individual taxa differed in abundance between colonized 
and noncolonized women.

Conclusions. Group B Streptococcus is prevalent in pregnant women from Guatemala with different risk factors than previously 
described. Although the vaginal microbiome was not altered significantly in GBS-colonized women, use of antibiotics had an effect 
on its composition.
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Neonatal mortality is a critical problem globally resulting in 
over 3 million deaths per year with two thirds occurring in the 
first week of life. Neonatal sepsis and pneumonia are respon-
sible for 20% of those deaths [1, 2]. Guatemala has the high-
est neonatal mortality rate in Central America and second 
highest in Latin America, estimated at 15.3 deaths per 1000 
live births, approximately half of all deaths of children under 
5  years of age [1–3]. Group B Streptococcus (GBS) is among 
the leading causes of early-onset sepsis (EOS) worldwide with 
a 12% global case-fatality rate, which can be 3 times higher 
in low-income countries [4]. Although EOS from GBS has 
been successfully reduced by 79% with the use of intrapartum 

antibiotic prophylaxis (IAP) in most high-income countries 
[5], these screening and treatment programs are not routinely 
offered in low- and middle-income countries (LMIC), includ-
ing Guatemala.

Group B Streptococcus colonization of the genitourinary tract 
during pregnancy is common among women from high-in-
come countries with prevalence rates from 10% to 30%; how-
ever, less is known about its epidemiology in LMIC [6]. Among 
the few studies performed in Latin America, GBS prevalence 
varies significantly by geographical region from as low as 6% in 
Peru to 17% to 25% in Brazil [7–10].

Understanding the epidemiology of GBS and its risk fac-
tors as a cause of neonatal sepsis in LMIC is important for 
reducing the global burden of disease. Therefore, we aimed 
to determine the GBS colonization prevalence in Guatemalan 
women and assess its associated factors. In addition, as an 
exploratory objective and given the increasing evidence 
suggesting that the microbiome is an important determi-
nant of vaginal pathogen colonization (Escherichia coli and 
Gardnerella spp) [11], we evaluated the potential relationship 
of vaginal microbiota composition to GBS colonization in 
this population.
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METHODS

Study Design

This was a cross-sectional study conducted in the outpatient 
obstetrics clinic and emergency room of Hospital Roosevelt in 
Guatemala City from April to November 2015. No screening for 
GBS or IAP protocol was in place for prevention of GBS disease 
at the time of the study. Informed consent was obtained from 
pregnant women or their parents or guardians if under age 18. 
The study was approved by the Colorado Multiple Institutional 
Review Board and the Ethics Committee at the Hospital 
Roosevelt in Guatemala City.

Study Population

Pregnant women were included if they were ≥35 weeks gesta-
tion, between the ages of 15 and 45 years of age, and came for 
prenatal care at the obstetrics clinic or emergency room. Women 
were excluded if they were in active labor, significant pain, under 
influence of narcotic medications, or did not consent.

Data Collection

To assess risk factors for GBS colonization, a standardized ques-
tionnaire was administered verbally by a Spanish-speaker phy-
sician in a private location to all enrolled participants before 
specimen collection. Maternal answers on the questionnaire 
were then cross-referenced with the medical record, which 
included the Centro Latinoamericano de Perinatologia form 
([C.L.A.P.] Montevideo, Uruguay), a standardized prenatal 
intake widely used in Latin America to collect clinical care data 
such as height, weight, and medical and obstetric history. In the 
case of discrepancies, answers were clarified with the mother. 
All data was entered into a REDCap (Vanderbilt University, 
Nashville, TN) online database.

To explore labor and postnatal outcomes, a subset of women 
with positive GBS were contacted by phone within 4  months 
of enrollment to retrospectively assess maternal and infant out-
comes. These data were based on maternal recall, and no review 
of medical records or comparison with GBS-negative women 
was done given our limited resources and the cross-sectional 
nature of the study.

Sample Collection

Sequential lower-vaginal and rectal samples were collected 
using a rayon-tipped swab following the Centers for Disease 
Control and Prevention guidelines, then placed into Amies 
transport medium without charcoal (BBL Culture Swab; Becton 
Dickinson, Sparks, MD), and transported to the hospital labora-
tory for either immediate processing or storage at 4°C if samples 
were received after hours. All swabs were processed within 48 
hours of collection. For microbiome analysis, an additional low-
er-vaginal swab was collected from a convenience sample of the 
first 94 enrolled women and stored in cryovials at −70°C until 
shipped to the University of Colorado Microbiome Laboratory 
for analysis.

Group B Streptococcus Detection

All rectovaginal swabs were first plated onto CHROMagar 
StrepB ([CA] CHROMagar, Paris, France) then inoculated into 
selective broth medium BBL Lim Broth (Todd Hewitt broth 
+ colistin [10 g/mL] and naladixic acid [15 g/mL]; Becton 
Dickinson). Broth was incubated for 18–24 hours at 35–37°C 
then plated onto CA. All direct-CA and broth-CA plates were 
incubated for 18–24 hours at 35–37°C then inspected for colony 
growth. Any mauve or darker pink colonies were considered 
positive. If no growth was visible, plates were reincubated for 
an additional 24 hours and re-examined. Positive results on CA 
were then tested using GBS latex agglutination ([LA] Pastorex 
Strep; Bio-Rad, Hercules, CA) assay. Latex agglutination results 
were either positive, negative, or indeterminate (defined by light 
clumping or difficult to interpret). Confirmed GBS equated to 
a positive GBS LA from a positive colony on 1 or both culture 
methods. Subjects with only a single culture method completed 
or indeterminate results on LA (deemed very low colonizers) 
were removed from the final analysis. All other results (negative 
on LA or negative on both cultures) were considered negative 
for GBS. Positive results were reported to physician providers 
and to study participants before delivery. However, no specific 
indications or guidance for antibiotic prophylaxis were given to 
providers.

Microbiome Analysis

Deoxyribonucleic acid was purified from vaginal swabs using 
the PowerFecal Kit (MO BIO Laboratories, Inc., Carlsbad, CA). 
Polymerase chain reaction amplification of 16S ribosomal ribo-
nucleic acid (rRNA) genes using barcoded primers [12] specific 
to the V3V4 variable region (357F, 806R), multiplexed sequenc-
ing on the Illumina MiSeq (v3 2x300nt kit), and sequence qual-
ity filtering and merging as described in our previous studies 
[13, 14]. Assembled sequences were aligned and classified with 
SINA (1.3.0-r23838) using the Silva 115NR99 reference data-
base [15, 16]. This process generated 6 368 288 high-quality 16S 
sequences (mean of 67 748 sequences/sample; median Goods 
coverage score of ≥99.7% at the rarefaction point of 8334).

Statistical Methods

Prevalence was calculated based on positive GBS results within 
the study population. Group B Streptococcus recovery on 
both CA methods was assessed using McNemar test for cor-
related percentages [18]. Sensitivity, specificity, negative pre-
dictive value (NPV), and positive predictive value (PPV) for 
both CA methods were determined using a composite gold 
standard, which included all positives on LA. Baseline charac-
teristics were compared using χ2 or Fisher’s exact test for cat-
egorical variables and Student t test for continuous variables. 
Normal distribution of continuous variables was assessed using 
Kolmogorov-Smirnov test.

Potential risk factors associated with GBS colonization were 
selected a priori based on previous reports and tested using 
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unadjusted and adjusted odds ratios (ORs) derived from uni-
variate and multivariate logistic regression. These included age, 
diabetes, body mass index (BMI), tobacco use, douche/enema 
use, number of sexual partners in lifetime, parity, history of an 
infant with prematurity, low birth weight ([LBW] <2500 grams), 
or a poor infant outcome. A woman’s parity was defined as either 
nulliparous, primiparous, or multiparous, indicating whether 
the pregnant woman had no living children, 1 living child, or 
more than 1 living child, respectively. Poor infant outcome was 
defined as any previous infant hospitalized or dead within the 
first 3 months of life. Backwards elimination was used to reduce 
the number of variables not significantly associated with GBS 
and not confounding other risk estimates (>10% change in esti-
mates approach). Differences between hierarchal models were 
assessed using the likelihood ratio test. Colinearity was assessed 
with Pearson’s correlation coefficient (significant correlation was 
considered if greater than 0.4) and variance inflation factors 
(none being greater than 4.0). Predictive power of the model 
was assessed with receiver operating characteristic curves. The 
final multivariate model adjusted for age, parity, education, mar-
ital status, literacy, ethnicity, home location, tobacco use, BMI, 
diabetes, prenatal care utilization, number of sexual partners, 
previous infant with low birth weight, prematurity, and previ-
ous poor infant outcome. Income, douche/enema, or antibiotic 
use during the month before enrollment were not significantly 
associated with GBS colonization status and did not confound 
other variables; thus, they were removed from the final model. 
All tests were 2-tailed and P < .05 was considered statistically 
significant. All statistical analyses were completed using STATA 
software package, version 12 (StataCorp, College Station, TX).

Associations between overall microbiome composition 
(using Bray-Curtis dissimilarities and 100 000 resampling) and 
GBS colonization as well as other independent variables as 
described above were assessed with Wilcoxon rank-sum tests of 
relative abundance and permutation-based multivariate analy-
sis of variance (PERMANOVA) tests using R statistical software 
package [19].

Labor and postpartum maternal and infant outcomes were 
assessed as count data and presented as percentages. This 
included the following: delivery location, method, gestational 
age, antibiotic administration during delivery, and compli-
cations such as maternal fever or signs of infection; neonatal 
peripartum information such as need for antibiotics, duration 
of hospitalization, disposition, complications such as intuba-
tion, and significant anomalies; and neonatal information up to 
3 months of age such as need and reason for antibiotics, hospi-
talization, or death.

RESULTS

From 1100 women enrolled, 990 (90%) women had both cul-
ture methods completed (Figure 1). Of those, 896 (90.5%) had 
definitive LA, 90 (9%) had indeterminate LA, and 4 (0.5%) 
had no growth on 1 culture. Of the 896 included in the final 
analysis, 155 women were confirmed colonized with GBS for a 
prevalence of 17.3% (95% CI, 14.9–19.9). No difference in GBS 
recovery was found between direct-CA (14.5%) and broth-CA 
(13.1%) (P = .102). For direct-CA and broth-CA, the sensitivi-
ties were 83.9% and 75.5%, specificities were 95.5% and 97.6%, 
PPV were 79.8% and 86.7%, and NPV were 96.6% and 95.0%, 
respectively.

1153 Eligible Participants
53 Refusals

110 Specimens processed with
Single Culture Method

4 No Growth on CA

130 Positive on LA 117 Positive on LA

90 Indeterminate on LA

155 Participants Positive for GBS

92 Positive on Both
Agglutination Tests

237 Positive on
Direct-CA

132 Positive on
Both Culture

Methods

182 Positive on
Broth-CA

– Fear of  discomfort
– Insu�cient time
– Planning for caesarian
– Felt too ill

1100 Vaginal & Rectal Specimens Collected

990 Specimens processed with Two Culture Methods

Figure 1. Flow-chart of samples from pregnant 1100 women enrolled for Group B Streptococcus (GBS) colonization at Hospital Roosevelt, Guatemala City. CA, CHROMagar; 
Direct-CA, specimens plated directly to CHROMaga; Broth-CA, specimens inoculated in Lim broth then plated to CHROMagar; LA, latex agglutination.
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Baseline characteristics including age, marital status, parity, 
prenatal care use, BMI, and diabetes were similar between GBS-
positive and GBS-negative women (Table  1). On univariate 
analysis, only having a previous infant with poor outcome and 
having a previous infant with prematurity were significantly 
associated with GBS colonization (Table  2). On multivariate 
analysis, maternal age and history of previous infant with poor 
outcome were independently associated with GBS colonization 
(Table 2). History of previous infant with prematurity showed 
a trend toward increased odds of colonization. Increased parity 
had an inverse relationship with the risk of GBS colonization. 
All other variables were not significant. Subgroup analysis of 
nulliparous women demonstrated age as the only associated 
risk factor for GBS colonization (OR, 1.10; 95% CI, 1.04–1.17; 
P  =  .002). In a subgroup analysis among parous women, we 

found that age was not a risk factor (OR, 1.03; 95% CI, 1.00–
1.08; P  =  .077), but increased parity maintained an inverse 
relationship with risk of GBS colonization (OR, .56; 95% CI, 
.33–.96; P = .034). Receiver operating characteristic curve anal-
ysis of the multivariate model was 0.65.

Maternal and Infant Outcomes

Seventy-three of 155 (47%) GBS-positive women were con-
tacted within 4 months of enrollment. Seventy-three (100%) 
women delivered at a hospital and 52 (71%) delivered via 
Caesarian section (Table 3). Only 19 (26%) women reported 
receiving antibiotics during delivery. Twelve (16%) reported 
meeting GBS risk-based screening criteria at time of delivery 
including prolonged rupture of membranes (PROM), chori-
oamnionitis, and premature delivery <37 weeks gestational 
age; of those, 6 (50%) received antibiotics during delivery. 
Seven (10%) infants had complications during the first 
7  days of life including 4 (6%) developing sepsis within 24 
hours of delivery requiring intensive care unit admission and 
prolonged intravenous antibiotics (all with recovery). Three 
of the 4 mothers of these infants met 1 GBS risk-screening 
criteria at time of delivery including PROM (1), chorio-
amnionitis (1), and prematurity (1), with only 1 receiving 
antibiotics. The 2 reported deaths were due to noninfectious 
causes.

Vaginal Microbiome and Group B Streptococcus Colonization

To explore the hypothesis of a relationship between GBS car-
riage and the microbiome composition of the vaginal tract, a 
subset of 94 consecutive women provided samples for 16S 
rRNA sequencing. No significant difference in overall bacterial 
microbiome composition was detected between GBS-colonized 
and -noncolonized women (PERMANOVA, P  =  .72), but 
selected individual genus-level taxa, such as Corynebacterium 
(Wilcoxon rank-sum test, P = .03), Aerococcus (Wilcoxon rank-
sum test, P  =  .03), and Staphylococcus (Wilcoxon rank-sum 
test, P  =  .06), were significantly different or trended towards 
significance among these groups (Figure 2). A higher nonsig-
nificant median abundance of Lactobacillus (89.9% vs 51.0%; 
Wilcoxon rank-sum test, P = .8) and lower median abundance 
of Gardnerella (2.2% vs 11.0%; Wilcoxon rank-sum test, P = .3) 
were observed in the GBS-colonized versus -noncolonized indi-
viduals. In contrast, both antibiotic exposure (PERMANOVA, 
P  =  .003) and previous infant with LBW (PERMANOVA, 
P = .03) were independently associated with differences in over-
all vaginal microbiome composition (Figure 2). Women with a 
previous LBW infant exhibited a lower abundance of lactoba-
cilli compared with those with a previous normal-weight birth 
(39.2% vs 68.9% relative abundance; Wilcoxon rank-sum test, 
P = .07). Other variables found as risk factors for GBS coloni-
zation in this population including age, parity, and history of 
infant with poor outcome within 3 months of delivery were not 
associated with microbiome structure.

Table 1. Baseline Characteristics of Pregnant Women According to GBS 
Status in Guatemala City

Characteristic
GBS Positive

(n = 155) n (%)
GBS Negative
(n = 741) n (%) P Value

Age, mean (range, SD) 26.2 (15–45, 7.0) 25.1 (15–44, 6.5) .074

Ethnicity .410

 Nonindigenous 137 (88.4) 671 (90.6)

 Native Mayan 18 (11.6) 70 (9.5)

Marital Status .734

 Married 49 (31.6) 224 (30.2)

 Partnership 88 (56.8) 392 (52.9)

 Single 18 (11.6) 125 (16.9)

Education .482

 None 14 (9.0) 47 (6.3)

 Primary 97 (62.6) 459 (61.9)

 Secondary 39 (25.2) 207 (27.9)

 University 5 (3.2) 28 (3.4)

Literate .324

 No 12 (7.7) 42 (5.7)

 Yes 143 (92.3) 699 (94.3)

Income .654

 ≤$200/month 145 (93.6) 700 (94.5)

 >$200/month 10 (6.5) 41 (5.5)

Dwelling .079

 Urban 114 (73.6) 592 (79.9)

 Rural 41 (26.5) 149 (20.1)

Parity .659

 Nulliparous 48 (31.0) 243 (32.8)

 Primiparous 66 (42.6) 272 (36.7)

 Multiparous 41 (26.5) 226 (30.5)

Prenatal Visits .285

 Adequate (≥4) 121(78.1) 548 (74.0)

 Inadequate (<4) 34 (21.9) 193 (26.0)

BMI .245

 <30 kg/m2 114 (73.5) 510 (68.8)

 ≥30 kg/m2 41 (26.5) 231 (31.2)

Diabetes (all types) .764

 No 153 (98.7) 729 (98.4)

 Yes 2 (1.3) 12 (1.6)

Abbreviations: BMI, body mass index; GBS, Group B Streptococcus; SD, standard 
deviation. 
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DISCUSSION

Our study demonstrates that pregnant women in Guatemala 
have high rates of GBS colonization, which translates into 
potential risk for perinatal morbidity and mortality. The 
detected prevalence of 17.3% is similar to a global prevalence 
rate of 17.9% determined in a recent meta-analysis [20], lower 
than rates found in Brazil (17.9%–25.6%) [8–10], but relatively 
high compared with rates reported in Peru (6%) [7], Argentina 
(7.6%) [21], and Mexico (4%–10%) [22, 23]. Previous smaller 
descriptive studies in Guatemala found GBS colonization rates 
as low as 2.5% among predominately native Mayan, rural pop-
ulations [24] to 14.4% among predominately urban, nonindige-
nous populations [25]. The large variation in prevalence found 
throughout Latin America and within Guatemala may be influ-
enced by different methods of sample collection (vaginal-only 
swabs or perineal swab instead of anorectal) and processing 
(all swabs processed with enrichment broth, use of traditional 
laboratory methods for GBS identification) between studies. 
Vaginal-rectal sampling can increase the yield of GBS by as 
much as 50% [26]. Although enrichment broth may facilitate 
GBS growth for women with lighter colonization [26, 27], it may 
also decrease detection of GBS when using rectal samples due to 
fecal flora growth competition [28]. Finally, small sample sizes 

may leave prevalence rates prone to sampling error because 8 
of the 9 aforementioned studies based in Latin America used 
study populations of ≤500 women. This reinforces the need for 
sufficiently powered population-based studies to inform local 
epidemiology of GBS before implementation of GBS prevention 
strategies.

In the United States before IAP, 50% of infants born to GBS-
colonized women were colonized and 1%–2% suffered neo-
natal infection. Hospital Roosevelt cares for ~8000 deliveries 
per year, and at the detected colonization rates, approximately 
1400 infants will be born to a GBS-colonized woman, poten-
tially resulting in 14 cases (1.75 cases per 1000 live births) of 
preventable EOS. However, even if only 2 of the cases of EOS 
identified among our cohort of neonates are due to GBS, this 
gives an incidence rate 2.23 cases per 1000 live births. These 
estimates are comparable to a recent study identifying an ear-
ly-onset GBS incidence rate of 2.35 per 1000 live births in the 
Dominican Republic [29]. Our findings suggest that GBS may 
be a significant contributor to neonatal morbidity and mortality 
in Guatemala.

Aside from host and population health risk factors, the role 
of the vaginal microbiome as a determinant of GBS coloni-
zation remains largely unknown. Vaginal pH and the vaginal 

Table 2. Univariate and Multivariate Analysis of Risk Factors for GBS Colonization in Guatemalan Pregnant Women

Variable
Univariate/Unadjusted  
Odds Ratio (95% Cl) P Value

Multivariate/Adjusted  
Odds Ratioa (95% Cl) P Value

Previous Infant With Poor Outcome

 No Ref Ref

 Yes 1.82 (1.14–2.90) .012 1.95 (1.16–3.28) .012

Previous Infant With Prematurity

 No Ref Ref

 Yes 1.83 (1.09–3.08) .023 1.81 (0.97–3.39) .063

Age 1.03 (1.00–1.05) .061 1.05 (1.02–1.09) .002

Parity

 No living child Ref Ref

 1 living child 1.23 (0.82–1.85) .326 0.79 (0.50–1.26) .327

 >1 living child 0.92 (0.58–1.45) .714 0.38 (0.21–0.72) .003

Ethnicity

 Nonindigenous Ref Ref

 Native Mayan 1.12 (0.85–1.48) .411 1.05 (0.77–1.43) .761

Dwelling

 Urban Ref Ref

 Rural 1.20 (0.98–1.46) .080 1.18 (0.95–1.47) .136

History of Sexual Partners

 1 Ref Ref

 2 0.91 (0.61–1.35) .622 0.99 (0.65–1.52) .969

 ≥3 0.57 (0.30–1.07) .082 0.53 (0.27–1.05) .068

BMI

 <30 Ref Ref

 ≥30 0.79 (0.54–1.17) .246 0.78 (0.52–1.18) .234

Abbreviations: BMI, body mass index; CI, confidence interval; GBS, Group B Streptococcus. 
aAdjusted for age, parity, education, marital status, literacy, ethnicity, dwelling, smoking, prenatal care, diabetes, BMI, sexual partners, previous infant with poor outcome, prematurity, or 
low weight.
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microbiome, which varies by region, may influence GBS col-
onization and infection in certain populations [10, 30]. In a 
large population study in Denmark, women who had bacte-
rial vaginosis were half as likely to be colonized by GBS than 
women without bacterial vaginosis [31]. Our study explored 
this hypothesis and observed a similar trend where there was a 
lower relative abundance of Gardnerella (2.2% vs 11.0%) among 
GBS-colonized women. In contrast, we found a higher relative 
abundance of lactobacilli among the GBS-colonized women, 
compared with GBS-noncolonized women (89.9% vs 51.0% 
median abundance). Additional, larger studies are needed to 
better understand the relationship between the vaginal micro-
biome, maternal colonization, and impact on neonatal patho-
gen colonization.

Our study demonstrates an overall 5% increased odds of GBS 
colonization for each year increase in maternal age. However, 
our subgroup analysis suggests that the association with older 
age may be dependent on parity where age is a significant risk 
factor for women who are nulliparous but not for women who 
are parous. Association with older age has been identified in 
multiple other studies including in Latin America [6, 10, 27]. 
The implication of this remains unclear. It is possible that 
older age or parity may serve as surrogate markers for some 

yet-unidentified risk factors. Although our limited vaginal 
microbiome analysis did not show any relationship between its 
composition and increased parity or age affecting GBS coloni-
zation, further studies are encouraged.

Our finding of a 2-fold increased odds of GBS colonization 
for women with a prior infant with poor outcome in the first 
3 months of life may suggest previous neonatal GBS infection 
and disease. Quantifying the risk associated with a previous 
infant with invasive GBS disease has been difficult due to its 
low incidence, but mothers of these infants have lower GBS 
antibody levels and are more likely to be chronic GBS carriers 
[32–34].

Major limitations to prevention programs in LMIC include 
the cost of testing, laboratory infrastructure, and personnel. 
Chromogenic agar has the potential to reduce these chal-
lenges through simplification of testing and result interpreta-
tion. Direct plating of vaginal-rectal swabs to CA optimizes 
GBS recovery by limiting overgrowth of fecal bacteria (eg, 
Enterococcus faecalis) promoted in enrichment broth [28, 35, 
36]. Removal of the enrichment step also reduces cost, time, and 
human resources, all of which are scarce in LMIC. Furthermore, 
direct-CA demonstrated similar GBS recovery and sensitivity 
compared with broth-CA, a finding comparable to other stud-
ies examining the use of direct-CA [35]. Therefore, direct-CA 
followed by LA could be an acceptable GBS recovery method in 
a resource-constrained setting. However, an important consid-
eration is that approximately 10% of subjects had indeterminate 
results on LA. Many of these likely reflect light GBS colonization 

Table 3. Descriptive Characteristics of 73 of 155 GBS-Positive Mothers 
and Their Neonates Within 4 Months of Enrollment in Guatemala City

Characteristic
N = 73
n (%)

Hospital delivery 73 (100%)

Type of delivery

 Vaginal 21 (29%)

 Caesarian 52 (71%)

  Previous C/S  27 (52%)

  Eclampsia/Pre-eclampsia  8 (15%)

  Breech/CPD  6 (12%)

  Fetal distress  2 (4%)

  Other  9 (17%)

Antibiotics administered during delivery 19 (26%)

Met GBS risk-based screening 12 (16%)a

 GA <37 weeks  7 (10%)

 PROM  2 (3%)

 Chorioamnionitis  5 (7%)

Low birth weight (<2500 g) 14 (19%)

Infant complication first 7 DOL 7 (10%)

 Death  2 (3%)

 Sepsis  4 (6%)

 Seizure  1 (1%)

Complication >7 to 90 DOL 19 (26%)

 Pneumonia  3 (4%)

 Other bacterial infection  6 (8%)

 Common cold  10 (14%)

Abbreviations: CPD, cephalopelvic disproportion; C/S, Caesarian section; DOL, days 
of life; GA, gestational age; GBS, Group B Streptococcus; PROM, prolonged rupture of 
membranes. 
aTwo women had multiple risk factors.
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Figure 2. Variability in vaginal microbiota among subset of 94 pregnant women 
in Guatemala City. The height of each bar represents the mean abundance of taxa 
within each subject group. ABX, antibiotic use before L&D (N = 53; Y = 41 subjects; 
low birth weight (LBW), previous birth of LBW infant (N  =  47; Y  =  11 subjects); 
for Group B Streptococcus (GBS), GBS carriage (N = 86; Y = 8 subjects); n.s., not 
significant. Association of variables with overall vaginal microbiome composition is 
denoted above bar charts, whereas association with individual taxa are indicated 
by lines and symbols adjacent to barcharts.
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with resultant low-colony growth on CA. Weak agglutination 
due to low inoculum has been commonly described as a reason 
for indeterminate results on different LA assays. For analysis 
purposes, these results were excluded because including them 
as negatives would have underestimated GBS prevalence and 
positive confirmation was not obtained.

Given the prevalence of GBS colonization in Guatemala and 
its potential contribution to the burden of the high neonatal 
mortality, an IAP program could produce significant results if 
designed and implemented appropriately. However, in order 
for IAP to be effected, LMICs need to establish GBS screening 
programs that can be either universal culture-based (all women 
≥35 weeks’ gestation) or targeted risk-based screening (PROM, 
chorioamnionitis, and premature delivery). Although cost-ef-
fectiveness studies between these 2 screening methods have 
not been completed in most LMICs, in high-income countries, 
universal culture-based screening is slightly more cost effective 
[37] and identifies a greater proportion of GBS-positive women, 
resulting in better coverage of IAP [5, 38]. If a screening and 
prevention program were to be implemented in Guatemala 
where there are 480 000 live births per year, assuming an ear-
ly-onset GBS incidence rate of 2 cases per 1000 live births with 
a 30%–50% mortality rate, a prevention program with 80% cov-
erage could lead to 230 to 380 neonatal deaths averted annually.

Important considerations for a screening program in 
Guatemala include the ongoing challenges in healthcare deliv-
ery during the prenatal and delivery periods. Although 93% of 
Guatemalan women have at least 1 prenatal visit during their 
pregnancy, the majority of these visits take place during the first 
and second trimester, likely as a means to confirm pregnancy, and 
only 51% of deliveries are attended by a skilled birth attendant 
[39]. Therefore, innovative screening and prevention programs 
that can be adapted to local and regional barriers are necessary.

The administration of a GBS vaccine to women during preg-
nancy could be a feasible and more practical approach to pre-
vention given the challenges of a GBS screening program and 
IAP in LMIC. However, a recent study in South Africa estimates 
that a joint vaccination/risk-based screening program would be 
more effective in reducing GBS disease compared with vaccine 
alone while remaining cost effective [40]. This reiterates the 
importance and need for LMICs to identify GBS burden and 
implement screening and prevention strategies while awaiting 
results of the best vaccine strategy for GBS prevention.

Some limitations of our study include the following: (1) its 
external validity because we limited our findings to a tertiary 
care center in the capital; (2) enrollment of women from the 
emergency room without controlling for use reason beyond 
exclusion criteria; (3) limitations of LA as a confirmatory test 
due to possible weak agglutination; (4) lack of a control com-
parison group for our exploration of retrospective maternal 
and neonatal outcomes and its possible recall bias; and (5) 
the small sample size for the vaginal microbiome analysis. 

CONCLUSION

Pregnant women in Guatemala City have high rate of GBS colo-
nization and with possible high incidence of sepsis in their neo-
nates.  Older age at first pregnancy was associated with increased 
GBS colonization. In light of the above findings, GBS screening 
and antibiotic prophylaxis could impact maternal and neonatal 
morbidity and mortality. Furthermore, upcoming GBS vaccines 
could ultimately be the most cost-effective intervention.

Acknowledgments
We thank the physicians, residents, nurses, and patients from Hospital 
Roosevelt, particularly Dr. Porfirio Cesar Santizo Salazar, Chief of the 
Obstetrics and Gynecology Department, for helping to facilitate our 
research. We also thank the University of Colorado Microbiome Laboratory 
for facilitating the microbiome analysis.

Financial support. This work was funded by the Center for Global 
Health, University of Colorado School of Public Health and Children’s 
Hospital Colorado, and REDCap from the National Institutes of Health/
National Center for Research Resources Colorado Clinical and Translational 
Sciences Institute (Grant Number UL1 TR001082).

Potential conflicts of interest. E. J. A. has received funding to partici-
pate in a Data Safety Monitoring Board for the Group B Streptococcus vac-
cine in development by Novartis Vaccines.

All authors have submitted the ICMJE Form for Disclosure of Potential 
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed. 

References
1. You D, Bastian P, Wu J, Wardlaw T on behalf of the United Nations Inter-agency 

Group for Child Mortality Estimation. Levels and Trends in Child Mortality. 
Available at: http://www.who.int/maternal_child_adolescent/documents/levels_
trends_child_mortality_2013/en/. Accessed 28 October 2016.

2. Liu L, Johnson HL, Cousens S, et al. Global, regional, and national causes of child 
mortality: an updated systematic analysis for 2010 with time trends since 2000. 
Lancet 2012; 379:2151–2161.

3. Avila C, Bright R, Gutierrez J, et al. Guatemala Health System Assessment 
2015. 2015; 139. Available at: https://www.usaid.gov/sites/default/files/docu-
ments/1862/Guatemala-HSA%20_ENG-FULL-REPORT-FINAL-APRIL-2016.
pdf. Accessed 29 October 2016. 

4. Edmond KM, Kortsalioudaki C, Scott S, et al. Group B streptococcal disease in 
infants aged younger than 3 months: systematic review and meta-analysis. Lancet 
2012; 379:547–56.

5. Verani JR, McGee L, Schrag SJ. Prevention of perinatal group B streptococcal dis-
ease–revised guidelines from CDC, 2010. MMWR Recomm Rep 2010; 59:1–36.

6. Regan JA, Klebanoff MA, Nugent RP. The epidemiology of group B streptococ-
cal colonization in pregnancy. Vaginal Infections and Prematurity Study Group. 
Obstet Gynecol 1991; 77:604–10.

7. Collins TS, Calderon M, Gilman RH, et al. Group B streptococcal colonization in 
a developing country: its association with sexually transmitted disease and socio-
economic factors. Am J Trop Med Hyg 1998; 59:633–6.

8. Zusman AS, Baltimore RS, Fonseca SN. Prevalence of maternal group B strepto-
coccal colonization and related risk factors in a Brazilian population. Braz J Infect 
Dis 2006; 10:242–6.

9. Marconi C, Rocchetti TT, Rall VL, et al. Detection of Streptococcus agalactiae col-
onization in pregnant women by using combined swab cultures: cross-sectional 
prevalence study. Sao Paulo Med J 2010; 128:60–2.

10. Rocchetti TT, Marconi C, Rall VL, et  al. Group B streptococci colonization in 
pregnant women: risk factors and evaluation of the vaginal flora. Arch Gynecol 
Obstet 2011; 283:717–21.

11. Dangor Z, Kwatra G, Izu A, et  al. Association between maternal Group B 
Streptococcus surface-protein antibody concentrations and invasive disease in 
their infants. Expert Rev Vaccines 2015; 14:1651–60.

12. Frank DN. BARCRAWL and BARTAB: software tools for the design and imple-
mentation of barcoded primers for highly multiplexed DNA sequencing. BMC 
Bioinformatics 2009; 10:362.

13. Pandrea I, Xu C, Stock JL, et al. Antibiotic and antiinflammatory therapy tran-
siently reduces inflammation and hypercoagulation in acutely SIV-infected pig-
tailed macaques. PLoS Pathog 2016; 12:e1005384.

http://www.who.int/maternal_child_adolescent/documents/levels_trends_child_mortality_2013/en/
http://www.who.int/maternal_child_adolescent/documents/levels_trends_child_mortality_2013/en/
https://www.usaid.gov/sites/default/files/documents/1862/Guatemala-HSA%20_ENG-FULL-REPORT-FINAL-APRIL-2016.pdf
https://www.usaid.gov/sites/default/files/documents/1862/Guatemala-HSA%20_ENG-FULL-REPORT-FINAL-APRIL-2016.pdf
https://www.usaid.gov/sites/default/files/documents/1862/Guatemala-HSA%20_ENG-FULL-REPORT-FINAL-APRIL-2016.pdf


8 • OFID • Rick et al

14. Frank DN, Bales ES, Monks J, et al. Perilipin-2 modulates lipid absorption and 
microbiome responses in the mouse intestine. PLoS One 2015; 10:e0131944.

15. Pruesse E, Peplies J, Glöckner FO. SINA: accurate high-throughput multiple 
sequence alignment of ribosomal RNA genes. Bioinformatics 2012; 28:1823–9.

16. Quast C, Pruesse E, Yilmaz P, et  al. The SILVA ribosomal RNA gene database 
project: improved data processing and web-based tools. Nucleic Acids Res 2013; 
41:D590–6.

17. Alkanani AK, Hara N, Gottlieb PA, et al. Alterations in intestinal microbiota cor-
relate with susceptibility to type 1 diabetes. Diabetes 2015; 64:3510–20.

18. Lachenbruch PA, Lynch CJ. Assessing screening tests: extensions of McNemar’s 
test. Stat Med 1998; 17:2207–17.

19. R Development Core Team. R: A Language and Environment for Statistical 
Computing. R Foundation for Statistical Computing, Vienna, Austria. 2014. 
Available at: http://www.r-project.org/. Accessed 5 October 2016. 

20. Kwatra G, Cunnington MC, Merrall E, et al. Prevalence of maternal colonisation 
with group B streptococcus: a systematic review and meta-analysis. Lancet Infect 
Dis 2016; 16:1076–84.

21. Quiroga M, Pegels E, Oviedo P, et al. Antibiotic susceptibility patterns and prev-
alence of group B Streptococcus isolated from pregnant women in Misiones, 
Argentina. Braz J Microbiol 2008; 39:245–50.

22. de Lourdes Collado M, Kretschmer RR, Becker I, et al. Colonization of Mexican 
pregnant women with group B Streptococcus. J Infect Dis 1981; 143:134

23. Solorzano-Santos F, Echaniz-Aviles G, Conde-Glez CJ, et  al. Cervicovaginal 
infection with group B streptococci among pregnant Mexican women. J Infect 
Dis 1989; 159:1003–4.

24. Cuessi Castro Conde W. [Prevalencia de Colonizacioin por Streptococcus agalactiae 
en Gestantes a Termino del Hospital Regional de Occidente]. 2012; 1. Available at: 
http://biblioteca.usac.edu.gt/tesis/06/06_3368.pdf. Accessed 15 October 2016. 

25. Pereira Quinonez C. [Detección de Streptococcus agalactiae en Mujeres 
Embarazadas que Acuden a la Consulta Prenatal del Hospital General San Juan 
de Dios]. 2003. Available at: http://biblioteca.usac.edu.gt/tesis/06/06_2186.pdf. 
Accessed 15 October 2016. 

26. Philipson EH, Palermino DA, Robinson A. Enhanced antenatal detection of 
group B streptococcus colonization. Obstet Gynecol 1995; 85:437–9.

27. Whitney CG, Daly S, Limpongsanurak S, et  al. The international infections in 
pregnancy study: group B streptococcal colonization in pregnant women. J 
Matern Fetal Neonatal Med 2004; 15:267–74.

28. Gil EG, Rodríguez MC, Bartolomé R, et al. Evaluation of the Granada agar plate 
for detection of vaginal and rectal group B streptococci in pregnant women. J Clin 
Microbiol 1999; 37:2648–51.

29. Rivera L, Sáez-Llorens X, Feris-Iglesias J, et al. Incidence and serotype distribu-
tion of invasive group B streptococcal disease in young infants: a multi-country 
observational study. BMC Pediatr 2015; 15:143.

30. Bayó M, Berlanga M, Agut M. Vaginal microbiota in healthy pregnant women and 
prenatal screening of group B streptococci (GBS). Int Microbiol 2002; 5:87–90.

31. Thorsen P, Jensen IP, Jeune B, et al. Few microorganisms associated with bacterial 
vaginosis may constitute the pathologic core: a population-based microbiologic 
study among 3596 pregnant women. Am J Obstet Gynecol 1998; 178:580–7.

32. Dangor Z, Kwatra G, Izu A, et  al. Correlates of protection of serotype-specific 
capsular antibody and invasive Group B Streptococcus disease in South African 
infants. Vaccine 2015; 33:6793–9.

33. Christensen KK, Christensen P, Dahlander K, et al. Quantitation of serum anti-
bodies to surface antigens of group B streptococci types Ia, Ib, and III: low anti-
body levels in mothers of neonatally infected infants. Scand J Infect Dis 1980; 
12:105–10.

34. Christensen KK, Dahlander K, Lindén V, et al. Obstetrical care in future pregnan-
cies after fetal loss in group B streptococcal septicemia. A prevention program 
based on bacteriological and immunological follow-up. Eur J Obstet Gynecol 
Reprod Biol 1981; 12:143–50.

35. Kwatra G, Madhi SA, Cutland CL, et al. Evaluation of Trans-Vag broth, colistin-na-
lidixic agar, and CHROMagar StrepB for detection of group B Streptococcus in 
vaginal and rectal swabs from pregnant women in South Africa. J Clin Microbiol 
2013; 51:2515–9.

36. Dunne WM Jr, Holland-Staley CA. Comparison of NNA agar culture and selec-
tive broth culture for detection of group B streptococcal colonization in women. J 
Clin Microbiol 1998; 36:2298–300.

37. The Center for International Economics. Final Report: cost-effectiveness of strat-
egies to prevent infection of group B streptococus in neonates from maternal col-
onization. Available at: http://www.thecie.com.au/wp-content/uploads/2014/08/
CIE-Final-Report_-Economic-analysis-of-Group-B-streptococcus-screening.
pdf. Accessed 22 October 2016.

38. Schrag SJ, Zell ER, Lynfield R, et al. A population-based comparison of strategies 
to prevent early-onset group B streptococcal disease in neonates. N Engl J Med 
2002; 347:233–9.

39. Government of Guatemala. [Objetivos de desarrollo del milenio: Guatemala 
2010]. Available at: http://www.segeplan.gob.gt/2.0/images/pdf/informe%20odm.
pdf. Accessed 27 October 2016.  

40. Kim SY, Russell LB, Park J, et al. Cost-effectiveness of a potential group B strep-
tococcal vaccine program for pregnant women in South Africa. Vaccine 2014; 
32:1954–63.

http://www.r-project.org/
http://biblioteca.usac.edu.gt/tesis/06/06_3368.pdf
http://biblioteca.usac.edu.gt/tesis/06/06_2186.pdf
http://www.thecie.com.au/wp-content/uploads/2014/08/CIE-Final-Report_-Economic-analysis-of-Group-B-streptococcus-screening.pdf
http://www.thecie.com.au/wp-content/uploads/2014/08/CIE-Final-Report_-Economic-analysis-of-Group-B-streptococcus-screening.pdf
http://www.thecie.com.au/wp-content/uploads/2014/08/CIE-Final-Report_-Economic-analysis-of-Group-B-streptococcus-screening.pdf
http://www.segeplan.gob.gt/2.0/images/pdf/informe%2520odm.pdf
http://www.segeplan.gob.gt/2.0/images/pdf/informe%2520odm.pdf

