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Abstract 1 

Objective  2 

To explore factors associated with a high vaginal GBS load during labor considering 1) the recto-3 

vaginal GBS load at 35-37 weeks´ gestation determined by culture and 2) the vaginal GBS 4 

colonization determined by a polymerase chain reaction (PCR) assay during labor.   5 

Methods 6 

From an unselected cohort of 902 pregnant women, we obtained 1) recto-vaginal swabs for culture 7 

of GBS at 35-37 weeks´ gestation (GBSrectovag-36), 2) vaginal swabs for GBS PCR detection at labor 8 

(PCRvag-labor), and 3) vaginal swabs for culture of GBS at labor (GBSvag-labor). The GBS load was 9 

classified semi quantitatively according to a culture protocol without prior broth enrichment of the 10 

swab samples: none (0), few (+), some (++), or many (+++) GBS colonies. 11 

Results  12 

Among 902 unselected pregnant women, 859 (95%) had a vaginal swab culture taken at labor, which 13 

was classified semi quantitatively. High load GBSvag-labor (+++) were found in 31 participants. 14 

GBSrectovag-36showed a sensitivity of 90% (28/31) and a PPV of 23% (28/121), whereas PCRvag-labor 15 

had a sensitivity of 98% (30/31, non-significant difference) and a PPV of 42% (30/71, p<0.01).   16 

PCR at labor had a lower sensitivity (78%) for detection of vaginal colonization with GBS at labor 17 

(any load) compared to recto/vaginal colonization with GBS at 36 weeks (92%). Vaginal colonization 18 

with GBS at 36 weeks seemed to have a lower sensitivity for detecting GBS in vagina at labor for 19 

high load (48%) and for any load (39%).   20 

Conclusion  21 

PCR at labor has higher detection rate (non-significant) and PPV in identification of laboring women 22 

with a high load of vaginal GBS compared with recto-vaginal culture at 36 weeks’ gestation. 23 

  24 
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Introduction 1 

Most strategies for prevention of early onset infection of the newborn with group B streptococcus 2 

(EOGBS) are based on risk factors or vaginal group B streptococcus (GBS) colonization [1-5] with 3 

no focus on the quantitative aspect of the vaginal GBS load. This raises concerns, as the transmission 4 

rates of GBS to the newborn is strongly associated with the vaginal GBS load [5-9]. Thus, compared 5 

to neonates of mothers with light vaginal GBS colonization, neonates of heavily colonized mothers 6 

have a 2-3 fold increased risk of being GBS colonized and a 15 times increased risk of EOGBS [10].  7 

Another aspect of EOGBS prophylaxis is the very low incidence of EOGBS which does not match 8 

the very high vaginal colonization rate of GBS in pregnant women, which means that the vast majority 9 

of the 10-20% of all laboring women with risk factors will receive Intrapartum Antibiotic Prophylaxis 10 

(IAP) without benefit [11, 12]. Therefore, we want to optimize the GBS screening strategies in order 11 

to use IAP as efficient as possible minimizing adverse effects, e.g., increase of drug-resistant bacteria.  12 

The aims of this study were to explore factors associated with vaginal GBS load during labor 13 

including 1) the recto-vaginal GBS load at 35-37 weeks´ gestation determined by culture and 2) the 14 

vaginal GBS colonization determined by a polymerase chain reaction (PCR) assay during labor. 15 

Material and methods 16 

Study population: In a prospective observational study, we invited 2,343 unselected pregnant 17 

women at 29 weeks´ gestation attending the prenatal Clinic at Lillebaelt Hospital, Kolding 18 

(approximately 3,200 deliveries per year) between April 2013 and June 2014. This population has 19 

been included in other publications [13, 14].  20 

Detailed information on oral antibiotic use during pregnancy was obtained from registered data in 21 

both hospital medical records and the Danish Medical Agency’s Register of non-hospitalized patient 22 

antibiotic use, which included records on all drug prescriptions filed at any Danish pharmacy. 23 
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Inclusion criteria: All pregnant women attending the prenatal Clinic at Lillebaelt Hospital, Kolding, 1 

Denmark.  2 

Exclusion criteria: Women treated with antibiotics after 35 weeks´ gestation. Preterm labor (before 3 

37+0 weeks´ gestation). Age under 18 years. Women with a communication barrier.  4 

Collection of specimens: At 35-37 weeks’ gestation, the participants obtained a self-administered 5 

two swab samples sample for culture of GBS, one vaginal and one rectal (E-Swab, Copan 6 

Diagnostics, Brescia, Italy) during a planned visit to the outpatient clinic [13, 14]. The participants 7 

were instructed by written information and by two videos. During labor, vaginal swab (E‐Swab; 8 

Copan Diagnostics, Brescia, Italy) samples were obtained by a midwife for GBS culture and PCR. 9 

The vaginal swab was rotated 1.5-2 cm inside the vagina, and the rectal swab 1.5-2 cm beyond the 10 

anal sphincter. During labor, a vaginal swab as a sample was obtained by a midwife.   11 

All samples were collected using nylon flocked swabs submerged separately into 1 ml of E-Swab 12 

transport medium (E-Swab, Copan Diagnostics, Brescia, Italy).  13 

All samples were analyzed at the Department of Clinical Microbiology, Lillebaelt Hospital, Vejle, 14 

Denmark. 15 

Culture of specimens: Samples were cultured immediately at the time of arrival to the laboratory; if 16 

received after 8 PM, they were kept at 40C until the next morning. Direct plating of the specimen was 17 

carried out by streaking the E-Swab specimen on a selective Granada agar plate. The vaginal and 18 

rectal swab samples from the patient were seeded on different sides of the same Granada agar plate 19 

(BioMérieux®, Spain). The recto-vaginal swab/swabs from gestational week 36 were analyzed 20 

separately for combined recto-vaginal and isolated vaginal growth of GBS. The Granada agar plates 21 

were incubated immediately after seeding in CO2-containing atmosphere at 35°C. A semi-quantitative 22 

culture assessment of GBS growth was conducted in most cases. The culture was classified as having 23 

only growth of few (low load) GBS colonies (+), some (moderate load) (++) or many (high load) 24 



PCR at labor highly correlates with vaginal GBS load 
 

5 
 

(+++) by intrapartum vaginal culture. Among the 902 sets of patient samples, 21 recto-vaginal GBS 1 

culture results at 35-37 weeks’ gestation and 27 of the vaginal GBS culture result at labor were not 2 

reported semi-quantitatively, leaving 859 participants in the final cohort (Fig 1). These samples were 3 

taken from 43 women (Fig 1). They were available for a comparison between the various antepartum 4 

(culture-based) and intrapartum vaginal screening methods (PCR-based and culture-based). 5 

All GBS-like colonies (identified by their orange color on Granada agar plates) were routinely 6 

confirmed as Streptococcus agalactiae using the Microflex LT ™ MALDI-TOF system (Bruker 7 

Daltonik, Germany).   8 

Polymerase chain reaction (PCR): PCR analysis is a real-time PCR test performed on the 9 

BDMaxTM system (Becton, Dickinson and Company, USA) without enrichment of the specimen in 10 

a culture broth prior to analysis. The results of the GBS culture and PCR tests were read by 11 

independent laboratory technicians and recorded separately. The PCR analyses were performed 12 

retrospectively on frozen samples as batch processing. 13 

Details of Ethics Approval: The study was approved by the Regional Scientific Ethical Committees 14 

for Southern Denmark (S-20130089) and the Danish Data Protection Agency (2008-58-0035). The 15 

date of issue: 6 November 2013. All human participants gave written/verbal informed consent before 16 

the study began.  17 

Statistics: STATA Statistics/Data Analysis software (version 14; Stata Corp LP) was used for the 18 

statistical analysis. Sensitivity, specificity, positive predictive values (PPV), and negative predictive 19 

values (NPV) were calculated for antepartum GBS screening, using the intrapartum culture of vaginal 20 

swab sample as the gold standard. Chi-square test was used to assess associations. P values less than 21 

0.05 were considered statistically significant. 22 

Results 23 
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All 902 enrolled women had both an antepartum swab and an intrapartum swab, and 859 (95%) had 1 

a semi-quantitative culture assessment of GBS growth from recto-vaginal GBS culture at 35-37 2 

weeks´ gestation and from vagina at labor.   3 

For any load of GBSvag-labor-positive samples (N=64, 7%), the GBSrectovag-36 positive samples detected 4 

59/64 (92%) with a PPV of 49% (59/121), while PCRvag-labor detected 50/64 (78%) with a PPV of 70% 5 

(50/71) (Table 1). 6 

High load GBSvag-labor (+++) were found in 31 participants, and detected with a sensitivity of 90% 7 

(28/31) and a PPV of 23% (28/121) for GBSrectovag-36, and with a sensitivity of 98% (30/31) [not 8 

statistical significantly different] and a PPV of 42% (30/71) [p<0.01] for PCRvag-labor. The proportion 9 

of GBSvag-labor high load (+++) samples also GBS-positive in GBSrectovag-36 samples from the cohort 10 

of 859 females was 23% (28/121), whereas GBSvag-labor intermediate (+ or ++) GBS positive samples 11 

corresponded to 26% (31/121) of the GBSrectovag-36 samples. Similar figures for PCRvag-labor GBS-12 

positive samples were 42% (30/71) for (+++), 28% (20/71) for (+ or ++) for GBSvag-labor samples 13 

(Table 1). 14 

The sensitivity and positive predictive value for vaginal GBS at week 36 as predictor of vaginal GBS 15 

at labor for GBS high load are 48% (15/31) and 46% (15/33), and for any load are 61% (39/64) and 16 

57% (39/68), respectively (Table 2). 17 

Discussion  18 

This study addresses the potential for pre-labor cultures (35-37 weeks´ gestation) and in labor PCR 19 

to identify pregnant women at risk for high GBS culture load (+++) at labor and thereby the possibility 20 

of prevention of EOGBS among a selected group of pregnant women displaying a high risk GBS 21 

load. We find that GBSrectovagal-36 GBS-positive culture correlates with a high GBS vaginal load with 22 

a sensitivity of 90%, whereas PCRvag-labor performs better with a sensitivity of 98%. The 23 

corresponding PPV of 23% for GBSrectovagal-36 positive culture compared to 42% for GBS-positive 24 
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PCRvag-labor, implies that a relatively higher number of pregnant women will receive IAP to avoid one 1 

case of EOGBS based on a GBSrectovagal-36 screening strategy compared to a strategy based on GBS-2 

positive PCRvag-labor women.  3 

The low predictive values for GBSrectovagal-36 may be due to the low prevalence of GBSvag-labor (7%). 4 

However, the predictive values for PCR at labor 70% (50/71). 5 

Semi-quantitative culture assessment of GBSrectovagal-36 positive samples demonstrated a relatively 6 

strong association with GBSvag-labor positive samples at any load. Thus, only 0.7% (5/738) of the 7 

females with a negative vaginal GBS culture at GBSvag-36 are GBSvag-labor positive. In contrast, the 8 

proportion was 49% (59/121) for those with GBSrectovagal-36 positive (Table 1).  9 

PCRvag-labor positive samples demonstrated a stronger association with GBSvag-labor positive samples at 10 

any load. Thus, only 1.8% (14/788) of the females with a negative PCRvag-labor are GBSvag-labor positive. 11 

In contrast, the proportion was 70% (50/71) for those with PCRvag-labor positive (Table 1).    12 

The PCRvag-labor had a lower sensitivity for detection of vaginal colonization with GBS at labor (any 13 

load) compared to GBSrectovagal-36.  14 

Semi-quantitative culture assessment of GBSvag-36 positive samples demonstrated a relatively strong 15 

association with GBSvag-labor positive samples with a high load (+++). Thus, only one percent (7/791) 16 

of the females with a negative vaginal GBS culture at GBSvag-36 had a high GBSvag-labor load (+++). In 17 

contrast, the proportion was 46% (15/33) for those with a GBSvag-36 high-load (+++) (Table 2). 18 

GBSvagal-36 seemed to have a lower sensitivity for detecting GBS in vagina at labor (for high load and 19 

for any load).        20 

The strength of our study is the size of the cohort consisting of 902 participants from a well-defined 21 

population that did not receive antibiotics between antepartum culture and the time of labor, and 22 

further, the prospective cohort design, which allowed us to draw conclusions about the intrapartum 23 

GBS load. 24 



PCR at labor highly correlates with vaginal GBS load 
 

8 
 

It is a minor limitation that 21 culture samples at 35-37 weeks´ gestation, and 27 intrapartum vaginal 1 

swabs were not assessed semi-quantitatively, randomly distributed among the participant sample 2 

groups at labor. These samples were taken from 43 women (Figure 1.). It might also be considered 3 

as a limitation that we used the Granada medium for isolation and identification of GBS, which is a 4 

selective and differential culture medium designed to selectively isolate Streptococcus agalactiae 5 

(Group B streptococcus, GBS), rather than the standard of using prior broth enrichment recommended 6 

by Centers for Disease Control and Prevention, USA (Lim or TransVag) for culture of GBS in clinical 7 

samples. However, the choice of a culture method for GBS detection performed without a prior Lim 8 

broth enrichment was a prerequisite for conducting the semi-quantification of GBS in the culture 9 

samples. To be noted, the difference in the detecting rates between the direct plating of the 10 

rectovaginal swab on the Granada medium and plating after prior Lim broth enrichment is reported 11 

to constitute only 4% [15]. 12 

It could also be considered as a limitation that we chose vaginal GBS-colonization as the reference 13 

standard instead of recto-vaginal GBS-colonization, knowing that obtaining swab samples from both 14 

the rectum and vagina improves the yield compared to sampling the vagina only [16]. Our 15 

consideration is that although the rectum constitutes a GBS-reservoir from which the vagina is 16 

colonized intermittently, EOGBS seems to depend primarily on the actual vaginal GBS colonization 17 

during labor [17].  18 

To secure that women in high risk of having a child with EOGBS receives IAP, the intrapartum GBS 19 

PCR assay should be developed to quantitatively assess the vaginal GBS load, and that IAP may only 20 

offered to women in labor with a high vaginal or rectal GBS load to reduce unnecessary use of 21 

antibiotics in pregnant women and their fetuses. However, this research did not investigate cases of 22 

EOGBS during the study period and therefore we do not have sufficient evidence to advise that. 23 
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Alternatively the screening strategy could be based on development of PCR assays detecting the 1 

pathogenicity genes of GBS directly related to development of EOGBS in the newborn.  2 

In conclusion, an antepartum recto-vaginal semi-quantitative GBS culture result at 35-37 weeks´ 3 

gestation is a less useful marker of high vaginal load of GBS at labor compared with intrapartum 4 

vaginal PCR for GBS detection. However, PCR at labor had in this study a lower sensitivity for 5 

detection of vaginal colonization with GBS at labor (any load) compared to recto/vaginal colonization 6 

with GBS at 36 weeks. Vaginal colonization with GBS at 36 weeks performed bad in detecting GBS 7 

in vagina at labor. 8 

 9 
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Table and figure legends  18 

Figure 1. Flowchart of the population.  19 

NA= none assessed = GBS culture result not reported semi-quantitatively. 20 

Table 1. The association between recto-vaginal GBS colonization at 35-37 weeks´ gestation and 21 

intrapartum vaginal GBS PCR with vaginal GBS colonization at labor assessed by semi-22 

quantitative culture. N=859.  23 

Negative culture (0), few GBS colonies (+), some (++), and many (+++). 24 
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Table 2. The association between vaginal GBS colonization at 35-37 weeks´ gestation and vaginal 1 

GBS colonization at labor assessed by semi-quantitative culture. N=859. 2 

Negative culture (0), few GBS colonies (+), some (++), and many (+++). 3 
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