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Abstract

Background: Screening for maternal anogenital Group B streptococci (GBS) colonization in pregnancy with initia-
tion of intravenous intrapartum antibiotic prophylaxis as indicated has led to a significant reduction in the incidence
of neonatal GBS infection. This study aims to evaluate the agreement between vaginal-perianal or vaginal-perineal
culture and the more typically used vaginal-rectal culture for screening for maternal anogenital GBS colonization in
the third trimester of pregnancy.

Methods: Eligible English-language studies published until January 2020 were retrieved from Scopus, Web of Sci-
ence, PubMed, Embase, and ClinicalTrials.gov databases. Studies were compiled that assessed for GBS colonization
utilizing vaginal-perianal or vaginal-perineal culture and vaginal-rectal culture during the third trimester of pregnancy.
Nonoriginal research articles and studies that did not assess pregnant patients, did not use culture-based screening,
or did not compare vaginal-perianal or vaginal-perineal culture with vaginal-rectal culture were excluded. The search
identified 559 articles with three prospective cohort studies that met inclusion criteria, including 643 participants.
Quality was assessed using the Newcastle-Ottawa Scale, and risk of bias was assessed using the Risk of Bias In Non-
randomized Studies of Interventions (ROBINS-I) tool. Patient characteristics and associated pain with specimen collec-
tion were abstracted. Meta-analyses of both the raw agreement and the Cohen'’s kappa statistic were performed.

Results: Within the three included studies, the range of GBS detection was 17.6-34.0%, consistent with the antici-
pated prevalence of GBS colonization reported in earlier publications. For both raw agreement and Cohen's kappa
coefficient, the test for heterogeneity was not significant, indicating low heterogeneity among studies. The pooled
estimate of the raw agreement was 0.97 (95%Cl 0.95-0.98) and of the Cohen'’s kappa coefficient was 0.91 (95%
Cl:0.87-0.95), indicating (according to the Landis and Koch criteria) an “almost perfect” agreement between the
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compared clinical tests. In the two studies that assessed procedure-related patient discomfort, vaginal-rectal swab-

bing caused more discomfort.

Conclusion: Use of vaginal-perineal culture for assessment of maternal GBS colonization is comparable to the more
typically utilized vaginal-rectal culture and is associated with less discomfort.

Keywords: Pregnancy, Group B Streptococcus, Culture-based Screening, Prenatal care

Background

Consensus guidelines from the Centers for Disease and
Prevention (CDC), American College of Obstetricians
and Gynecologists (ACOG) and American Academy of
Pediatrics (AAP) have recommended since 1996 intra-
venous intrapartum antibiotic prophylaxis to reduce
the incidence of neonatal infection with Streptococcus
agalactiae (group B streptococcus; GBS) in the first
week of life (early-onset disease, EOD) [1]. While GBS
primarily colonizes the gastrointestinal tract, the peri-
anal skin, perineum, and vagina are likely secondarily
colonized given proximity to the rectum [2]. When
using selective broth media, this bacterium can be iso-
lated by culture from the vagina and rectum of 15-35%
of pregnant women [3, 4]. Because doing so results in
lower rates of GBS EOD [5], use of a screening-based,
as opposed to a risk-factor-based, strategy along with
antibiotic prophylaxis for carriers has been recom-
mended in the CDC guideline since 2002 and still is
recommended in the current ACOG guideline (Respon-
sibility for maintenance of guidelines for prevention of
GBS EOD in newborns has transitioned from the CDC,
for the obstetric and pediatric management strategies
respectively, to ACOG and AAP) [6].

According to these guidelines, the administration of
intrapartum antibiotic prophylaxis has resulted in an 80%
reduction in GBS EOD since the early 1990s. There cur-
rently are approximately 930 cases per year in the United
States, consistent with a rate of 0.25 per 1000 live births
(7, 8].

The specimen collection technique suggested by all
iterations of the guidelines published in the United States
since 1996 involves swabbing both the lower third of the
vagina and the rectum [1, 6]. This method is based on a
study published in 1977 that found that rectal cultures
were positive more often than vaginal cultures [9]. Since
then, at least one study has described that most women,
almost three-quarters of them, report at least mild pain
associated with obtaining the rectal screening sample
[10]. Those authors reported no significant difference in
GBS recovery when sampling from the rectum compared
to the perianal skin and less pain associated with perianal
sampling, but they did not evaluate vaginal combined
with rectal sampling. However, at least two studies have
reported that combined vaginal and perianal sampling

yields similar results to combined vaginal and rectal sam-
pling [11, 12].

Therefore, despite the recommendation that GBS
screening cultures during pregnancy be collected from
the lower vagina and rectum, there is no clear consensus
that this approach is superior to vaginal and perianal col-
lection, and the combined vaginal and rectal collection
technique may be associated with more, and potentially
unnecessary, patient discomfort.

In this review, we aimed to systematically identify,
appraise, and summarize the existing data from pro-
spective studies that compare the recovery of GBS in
screening cultures of pregnant women when samples are
obtained from the combined sites of the vagina and rec-
tum compared to the combined sites of the vagina and
perianal skin or the vagina and the perineum. Secondar-
ily, we sought to evaluate the existing evidence relating to
pain associated with these alternative culture specimen
sampling techniques.

Methods

Sources

The study protocol was developed, and a systematic
review of the relevant literature was completed, accord-
ing to the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) statement. The
study was registered with PROSPERO (registration
number CRD42020163650). The primary objective was
to identify studies comparing vaginal-perianal or vagi-
nal-perineal to vaginal-rectal culture for screening for
maternal anogenital GBS colonization in the third tri-
mester of pregnancy. PubMed, Embase, Scopus, and
Web of Science electronic databases were queried to
retrieve English-language articles published until April
2020. A reference librarian performed the search. MeSH
terms utilized included: “strep*” with “group* b*” or “aga-
lact*) “gbs,” “vagin* “rectum*” or “recto*” or “rectal*
“perianal*” or “anal*” or “anus*” or “anorect*” or “per-
ineal*” or “perineum*” We did not initially exclude stud-
ies based on design, but ultimately decided to utilize only
randomized controlled trials and cohort studies for our
analysis. The search was expanded to assess for GBS cul-
turing of specimens obtained from both the vagina and
perineum or the vagina and perianal skin, as the peri-
neum and anus have a similar bacterial milieu, thus are

w7 w2

q



Nadeau et al. BMC Pregnancy and Childbirth (2022) 22:204

comparable structures for swabbing in the process of
obtaining samples for culture-based screening for GBS.
Additionally, the anus is typically considered to be a per-
ineal structure. We also reviewed the reference lists of all
relevant articles to isolate additional pertinent sources.

Study selection

All titles and abstracts that resulted from the search were
independently assessed by two study authors (HCGN
and CB). Cases of disagreement were evaluated by a third
author (RKE) to determine the appropriateness of inclu-
sion. The PICOS (population, intervention, control/com-
parator, outcomes, and study design) structure was used
to determine the suitability of article inclusion into the
study [13]. Articles were excluded for the following rea-
sons: 1) the study did not evaluate a pregnant population,
2) the study did not utilize culture-based GBS screening,
3) the study did not compare vaginal-perianal or vaginal-
perineal to vaginal-rectal culture, 4) the study design was
not either a randomized controlled trial or a prospective
cohort study. After the titles and abstracts were assessed,
the same two authors, using the same criteria, assessed
the relevant full-text articles independently for inclusion.

The quality of studies was evaluated utilizing the New-
castle-Ottawa Scale [14]. This scale was utilized since
all included studies were nonrandomized prospective
cohort studies. This tool assessed for quality related to
selection, comparability, and outcome of studies. Regard-
ing quality assessment, the tool critically evaluates such
factors as cohort representativeness, ascertainment of
exposure, comparability of cohorts, assessment of out-
come, and adequacy of follow-up. The included studies
were deemed to be of high quality, as they were allotted
the maximum number of allowable stars for each tested
category.

Risk of bias was evaluated using the ROBINS-I tool,
given the studies’ nonrandomized nature [15]. This tool
assesses for multiple domains of bias, including pre-
intervention (such as bias due to confounding and bias
in selection of participants into the study), at-interven-
tion (such as bias in intervention classification), and
post-intervention (such as bias due to deviation from
the intended intervention, bias due to missing data, bias
in outcome measurement, and bias in selection of the
reported result) domains. The included studies were all
determined to have a low risk of bias, as they were rated
low-risk across all evaluated domains.

Data extracted from the studies included journal ref-
erence, year of publication, corresponding author infor-
mation, and patient characteristics (age, parity, ethnicity,
gestational age). Data on all variables was not required
for study inclusion. Additionally, although not included
in the meta-analysis, data regarding the pain associated
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with rectal insertion of the culture swab and the associ-
ated patient impression of the experience were collected
for review.

Meta-analysis of raw agreement and the Cohen’s kappa
statistic were both performed to evaluate the agree-
ment between vaginal-perianal or vaginal-perineal and
vaginal-rectal swab tests. Raw agreement, the propor-
tion of overall agreement, was the proportion of cases for
which the two tests agreed (either both positive or both
negative). Because the raw agreement can be inflated by
chance, Cohen’s kappa was also derived. Cohen’s kappa
was defined as the proportion of agreement beyond
that expected by chance. Landis and Koch criteria were
applied to interpret the degree of agreement; <0: poor,
0.1-0.2: slight, 0.21-0.4: fair, 0.41-0.6: moderate, 0.61—
0.8: substantial and 0.81-1: almost perfect [16]. Hetero-
geneity between studies was assessed by the Cochran’s Q
test and quantified by the I? statistic [17]. For both raw
agreement and the Cohen’s kappa, due to the absence of
heterogeneity, fixed-effects models were used to pool the
effect estimates. R software was used, and the metafor R
package was adopted to perform the meta-analysis [18].

Results

Our initial database search returned 559 total records.
After exclusions, six articles were deemed relevant for
full text review. Following this, three further articles were
excluded, as one of the indicated abstracts did not have an
available full text article, one was a review article and the
last did not compare vaginal-rectal to vaginal-perineal or
vaginal-perianal culture as the title and abstract initially
suggested. This left a total of three articles for the final
analysis (Fig. 1) [11, 12, 19]. These studies were published
between 2004 and 2019. The study location was varied,
with two of the studies being performed in the United
States while the third was performed in Switzerland. No
randomized controlled trials were identified, which was
expected, as the nature of the question required all study
participants to be evaluated with both a vaginal-rectal
and a vaginal-perineal or vaginal-perianal culture for
GBS. All included studies were prospective cohort stud-
ies. The characteristics of included participants and stud-
ies are detailed in Tables 1, 2, 3 and 4.

The three studies utilized similar specimen collec-
tion and culture methods, obtaining samples from
each predetermined site on each study patient and uti-
lizing separate swabs for each sample site. The Jamie
et al. study used three swabs to collect three different
samples: one from the lower third of the vagina, then
one from the perianal skin, then one from the rectum.
The three swabs were cultured separately, initially in
TransVag broth at 35° C for 18—24 h, then further sub-
cultured on 5% sheep’s blood agar plates at 35° C for
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Identification

Screening

Records identified

(n = 559 abstracts)
Scopus (n = 221)
Web of Science (n = 101)
PubMED (n = 169)
Embase (n = 53)
ClinicalTrials.gov (n = 15)

Records removed before
screening
Duplicate records removed
(n = 331 abstracts)

A4

Records screened
(n = 228 abstracts)

Records excluded

(n = 222 abstracts)
Nonpregnant population
(n=259)
Culture-based GBS
screening not utilized
(n =55)
Does not compare vaginal-
rectal to vaginal-perianal or
vaginal-perineal sample
(n=108)

A 4
Full-text articles assessed for
eligibility
(n=6)

[

Full-text articles excluded after
review (n = 3)
Full-text unavailable (n = 1)
Review article (n = 1)
Does not compare vaginal-
rectal to vaginal-perianal or
vaginal-perineal sample
(n=1)

Articles included
(n=3)

Fig. 1 PRISMA flow diagram of retrieved studies in meta-analysis. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analyses

Table 1 Baseline characteristics of study participants

Study

Age Parity

Ethnicity

Gestational Age

Jamie et al. (2004, United States) [11] 25045.5years  57% parous (reported as dichotomous)  African American 29%

Hispanic 8%
White 58%
Other 4.5%

Trappe et al. (2011, United States) [12] 264+5.6years 71.5% parous (reported as mean 1.5 African American 24%
with standard deviation of 1.5, despite  Hispanic 22.9%

variable being discrete)

Non-Hispanic White 48.7%
Asian 1%
Other 1.9%

Huang et al. (2019, Switzerland) [19] 32.7+46years Reported as mean 1 with standard (Sub)continent of origin
deviation of 1, despite variable being - Europe 78.0%
discrete + Asia 10.4%
- North America 2.0%
- Africa 2.0%
- Middle East 2.0%

« South America 1.6%
« Unknown 4.0%

354+3.1 weeks

359+£0.7 weeks

35-37 weeks (mean
and variance not
reported)

Study references include year of publication and country where the study was undertaken. Data are reported as mean =+ standard deviation or proportion of n
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Study Study Design Sample Size  Comparison groups GBS GBS Raw Agreement Cohen'’s kappa
Detection Detection coefficient
Rate Rate
Group 1 Group 2
[detected/ [detected/
total tested  total tested
(%)] (%)]
Jamie et al. (2004, Prospective Cohort 200 1.Vaginal-perianal 68/200 67/200 193/200 (0.97) 0.92
United States) [11] culture (34.0%) (33.5%)
2.Vaginal-rectal
culture
Trappe etal. (2011, Prospective Cohort 193 1. Vaginal-perianal 53/193 56/193 186/193 (0.96) 091
United States) [12] culture (27.5%) (29.0%)
2.Vaginal-rectal
culture
Huang et al. (2019, Prospective Cohort 250 1. Vaginal-perineal 44/250 44/250 242/250 0.89
Switzerland) [19] culture, (17.6%) (17.6%) (0.97)
2.Vaginal-perineal-
rectal culture
Study references include year of publication and country where the study was undertaken
Table 3 Quality assessment
Study (year; Quality Domains
country)
Selection Comparability Outcome
Representativeness of Selection of Ascertainmentof Demonstration Comparability Assessment of Adequate Adequacy of
exposed cohort nonexposed exposure that outcome of of cohorts on outcome follow-up follow up
cohort interest was not the basis of the length
present atstart of  design or analysis
study
Jamie et al. (2004, * * * * * * * *
USA) [11]
Trappe etal. (2011, * * * * * % * «
USA) [12]
Huangetal. (2019, * * * * * * * *

Switzerland) [19]

Quality was assessed using the Newcastle-Ottawa Scale as the included studies were all nonrandomized [14]. The three studies were considered high quality as they

were allotted the maximum number of allowable stars for each tested category

18-24 h. The vaginal-perianal specimen was consid-
ered positive if either the vaginal or perianal culture,
or both, was positive. The vaginal-rectal specimen
was considered positive if either the vaginal or rectal
culture, or both, was positive. Then vaginal-perianal
detection was compared to vaginal-rectal detection to
assess for agreement. The Trappe et al. study utilized
two swabs to collect two samples: one vaginal-perianal
swab, then one vaginal-rectal swab. The two swabs
were cultured separately, initially in Lim broth at 35°
C for 18-24 h, then the Lim broth was tested for GBS
utilizing a GEN-Probe Accuprobe GBS culture identi-
fication test. The detection rate of the vaginal-perianal
specimen was then compared to the detection rate of
the vaginal-rectal specimen to assess for agreement.
Finally, the Huang et al. study utilized two swabs to
collect two samples: one vaginal-perineal swab, then

one rectal swab. The two swabs were cultured sepa-
rately, initially in Todd-Hewitt broth at 35° C for 24 h,
then further subcultured on a selective chromogenic
agar medium for GBS (CHROMID Strepto B). The
detection rate of the vaginal-perineal specimen was
then compared to the detection rate of the combined
vaginal-perineal and rectal specimen to assess for
agreement.

Within the three included studies, GBS was detected
utilizing both methods (vaginal-perianal or vaginal-per-
ineal culture and vaginal-rectal culture) at a rate of 17.6—
34.0%, which is consistent with the anticipated frequency
reported in earlier publications describing GBS detection
rate with serial culture in selective broth media and then
on blood agar plates [3, 4]. For raw agreement, the test for
heterogeneity showed that there was no obvious hetero-
geneity among studies (Q=0.06, df=2, p=0.97, F=0%).
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Study (year; Bias Domains

country)
Pre-intervention At-intervention  Post-intervention
Bias due to Bias in selection  Biasin Bias due to Bias due Bias in Bias in selection
confounding of participants intervention deviation from to missing  outcome of the reported

into the study classification the intended data measurement  result
intervention

Jamie etal. (2004,  Low risk Low risk Low risk Low risk Low risk Low risk Low risk

United States) [11]

Trappe etal. 2011, Low risk Low risk Low risk Low risk Low risk Low risk Low risk

United States) [12]

Huang et al. (2019, Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Switzerland) [19]

These assessments were performed utilizing the Risk of Bias In Non-randomized Studies - of Interventions (ROBINS-I) tool [15]. The three included studies were

considered low risk as they were assessed to be low risk across all domain

The funnel plot did not show evidence of publication bias.
Based on the fixed-effects model, the pooled estimate
of the raw agreement was 0.97 (95% CI: 0.95-0.98)—see
Fig. 2.

As described in the methods, raw agreement com-
parisons can be inflated by chance. Therefore, Cohen’s
kappa coefficient was also evaluated. For Cohen’s kappa
coefficient, the test for heterogeneity was not signifi-
cant, indicating there was not considerable heteroge-
neity among studies (Q=0.4449, df=2, p=0.8005,
P =0%). From the funnel plot, we did not see any evi-
dence of publication bias. Based on the fixed-effects
model, the pooled estimate of the Cohen’s kappa coef-
ficient was 0.91 (95% CI: 0.87-0.95), which indicated an
almost perfect agreement between the two clinical tests
according to the Landis and Koch criteria—see Fig. 3.

Landis and Koch criteria for interpreting the degree
of agreement reflected by Cohen’s kappa coefficient
are as follows: <0: poor; 0.1-0.2: slight; 0.21-0.4: fair;

0.41-0.6: moderate; 0.61-0.8: substantial; and 0.81-1:
almost perfect.

As can be seen in Table 1, most patients in all three
studies were parous, and all patients were in the third
trimester of pregnancy. Patients in the Jamie et al. and
the Trappe et al. studies were younger (25.0 £5.5 years
and 26.4+5.6 years, respectively) than those in the
study by Huang et al. (32.7 £ 4.6 years). Ethnicity in the
two studies completed in the United States were simi-
larly allocated, with a majority of participants being
white or African American. The Huang et al. study,
completed in Switzerland, had a much more geographi-
cally diverse population, with participants originat-
ing from at least six regions or continents around the
world, despite the majority (78%) originating from
Europe.

Two of the three studies assessed the patient’s experi-
ence and perception of discomfort following insertion of
the rectal swab. Participants in the Huang et al. study were

Study

Agreement [95% CI]

Jamie (2004)

0.96 [0.94, 0.99]

Trappe (2011) e 0.96 [0.94, 0.99]
Huang (2019) 0.97 [0.95, 0.99]
Fixed Effects Model - 0.97 [0.95, 0.98]
I T T T
0 0.2 0.4 0.6 0.8
Agreement

Fig. 2 A forest plot of raw agreement estimates and the overall estimate from the fixed-effects model. Cl, confidence interval
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|
Study ! Kappa [95% CI]
1
1
Jamie (2004) —&—— | 0.92[0.87,0.98]
Trappe (2011) —=— | 0.91[0.85, 0.98]
I
Huang (2019) ———— | 0.89[0.82, 0.96]
|
H |
Fixed Effects Model — ' 0.91[0.87, 0.95]
| T T T T i
0 0.2 0.4 0.6 0.8 1
Cohen's Kappa
Fig. 3 A forest plot of Cohen’s kappa estimates and the overall estimate from the fixed-effects model. Cl, confidence interval

asked, immediately after collection of culture specimens, to
mark on a visual analog scale the level of stress, discomfort,
or pain, ranging from 0 to 10 (with O representing no stress,
discomfort, or pain, while 9.5-10 was denoted as maximal
stress, discomfort, or pain). The majority of participants
tolerated the procedure well, but of the 246 women who
completed the scale for discomfort, greater than 70 partici-
pants rated the discomfort as either moderate or maximal.
In the Trappe et al. study, participants completed a short
questionnaire in which they rated the pain with both col-
lection methods on a 0 to 10 scale (with O representing
no pain and 10 representing extremely severe pain). They
then compared the discomfort between the two tests. The
pain rating was noted to be, on average, 2.2 points higher
on the 0-10 scale with vaginal-rectal compared to vaginal-
perianal swabbing (meanz=standard deviation 3.4+2.9
compared to 1.2+ 1.7). Twenty-five percent of participants
rated their pain as six or higher with vaginal-rectal swab-
bing. Further, 68.4% rated the pain as worse with the vagi-
nal-rectal swabbing than vaginal-perianal swabbing (132 of
the 193 respondents). Patient experience was not assessed
in the study by Jamie et al.

Discussion

Routine screening for GBS and the use of intrapartum
antibiotic prophylaxis has reduced the prevalence of
early-onset neonatal sepsis, pneumonia, and meningitis
due to GBS infection in the neonate. As such, antenatal
culture-based screening of the gravid patient remains
an important strategy to identify GBS carriers prior to
delivery. The most updated guidelines regarding sam-
pling techniques continue to recommend that a culture
be performed utilizing a specimen collected with a single
swab of the lower vagina (near the introitus) and then of
the rectum (through the anal sphincter) [6]. In this sys-
tematic review and meta-analysis, we have demonstrated
that rectal sampling is unnecessary and associated with

more discomfort than sampling the perineum or perianal
skin.

In order to “maximize the likelihood of GBS recovery’,
the guideline [6] cites studies that compared combined
vaginal and rectal sampling to either the cervix alone
or the vagina alone [20-22]. The comparison of com-
bined vaginal and rectal sampling with combined vaginal
and perianal or perineal sampling is just ignored by the
guideline [6]. None of the studies cited by the guideline
assessed the utility of sampling sites other than the cer-
vix, vagina or rectum. It is interesting that multiple other
countries advocate for sampling only from the vagina [23]
or from the vagina and perianal area [24, 25] for assessing
for GBS colonization.

This systematic review and meta-analysis com-
piled data from three identified studies that evaluated
for GBS colonization in 643 pregnant third trimester
women utilizing vaginal-perianal or vaginal-perineal
culture compared to vaginal-rectal culture [11, 12, 19].
Individually, all three of these studies support the use
of vaginal-perianal or, more broadly, vaginal-perineal
sampling (as the perineum contains the anus) instead
of vaginal-rectal sampling which may serve as a valid
and more comfortable alternative to vaginal-rectal
sampling. These studies individually have not led to a
change in the recommended mode of specimen col-
lection by organizations such as the CDC, ACOG, or
the APA, likely due to the relatively small number of
women tested in each single site study, despite appro-
priate power analyses being completed in each study.
We think that, collectively, these data should prompt
a change in the guideline since the pooled data show
“almost perfect” agreement [26] between vaginal-per-
ineal and vaginal-rectal sampling.

This systematic review and meta-analysis has mul-
tiple strengths. The study design, including strategies
for searches and selection of studies for inclusion, were
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predetermined in a review protocol. This review system-
atically identified all relevant publications assessing the
detection rate and agreement of vaginal-perianal or vag-
inal-perineal and vaginal-rectal cultures in the detection
of GBS in pregnant women. The included studies were
all found to have a low risk of bias and were noted to be
of high quality. As there was no obvious heterogeneity, a
meta-analysis was able to be performed, which validated
findings from the individual studies, but in the setting of
multiple sites, both in the US and internationally, within
a larger patient cohort. Finally, the statistical method uti-
lized determined that agreement between methods was
unlikely conflated by chance.

Regarding potential limitations, the authors of Huang
et al. commented as a potential limitation of their study,
that as the Swiss Society of Gynecologists and Obste-
tricians (SGGG) guidance has led to the broader adop-
tion of vaginal-perineal swabbing to avoid subjecting the
patient to the discomfort associated with rectal swab-
bing, many women who were approached to participate
in the study elected not to do so due to fear of pain asso-
ciated with rectal swabbing. As such, the authors specu-
lated that this may have led to participation by women
who were less pain-sensitive or stressed, so that article
may actually underestimate the amount of pain associ-
ated with rectal sample collection for GBS culture.

Another potential limitation was in the methodological
differences utilized for the specimen collection, cultur-
ing and subculturing of the swabs in the three included
studies. All included studies adhered to guidance from
the CDC available at the time the studies were completed
regarding the collection and processing of clinical spec-
imens for culture of GBS. The use of the same swab or
different swabs for specimen collection across multiple
sites was recommended by the CDC, and, as was the case
in the included studies, the results from the culturing is
ultimately integrated to determine whether or not GBS is
present. Similarly, while culturing and subculturing pro-
cesses for GBS varied across included studies, the GBS
detection rates for included studies are high. Despite this,
it is possible that the variance in technique may have led
to differing rates of GBS detections between the studies.
[2,27].

Others have also evaluated patient discomfort with
various sites of collection of swab specimens for GBS
screening cultures. In a prospective cohort study, Orafu
et al. compared perianal, vaginoperianal, and anorectal
sampling for GBS culture in pregnant women [10]. Fol-
lowing specimen collection, the clinician obtaining the
specimen asked the subject to describe her perception
of pain none, mild, moderate, or severe. Sixty-eight per-
cent of subjects described their pain as mild to moder-
ate, and five percent described their pain as severe. The
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study authors’ statistical analysis using the Pearson x> test
found unequally distributed pain scores (x>=44.882, P
=9.80 x 107'9). The study did not ultimately qualify for
this meta-analysis despite finding perianal sampling to be
equivalent to anorectal sampling for GBS detection since
these authors did not compare combined vaginal-peria-
nal sampling to combined vaginal-anorectal sampling.

In summary, this systematic review and meta-analysis
evaluating the agreement between vaginal-perianal or
vaginal-perineal and vaginal-rectal cultures for screen-
ing for maternal anogenital GBS colonization in third
trimester pregnant patients provides evidence that
should lead clinicians to a practice change regarding
specimen collection. This evaluation’s narrow focus
allowed for a critical analysis of a broad body of litera-
ture that supports the findings put forward previously
in the multiple smaller studies. The results of both
high levels of raw agreement and a favorable Cohen’s
kappa coefficient within the larger sample size identi-
fied within the systematic review is reassuring. Further,
eliminating rectal specimen collection would lead to a
clinically-relevant decrease in patient discomfort.

Acknowledgements

We are grateful to Shari Clifton, Reference Librarian at the University of Okla-
homa Health Science Center’s Bird Library, for her assistance with the database
search was quite valuable as it related to execution of this review. Statistical
analysis was supported by funding provided by National Institutes of Health,
National Institute of General Medical Sciences, grant 1 U54GM104938

Authors’ contributions

CRediT (Contributor Roles Taxonomy) roles: Hugh Nadeau: Conceptualization,
Investigation, Data curation, Visualization, Validation, Writing — Original Draft,
Writing—Review & Editing, Courtney Bisson: Investigation, Writing—Review
& Editing, Xi Chen: Formal analysis, Writing — Original Draft, Yan Zhao: Formal
analysis, Marvin Williams: Conceptualization, Writing—Review & Editing, Rod-
ney Edwards: Conceptualization, Investigation, Writing — Original Draft, Writ-
ing—Review & Editing. The author(s) read and approved the final manuscript.

Funding

Partial funding was provided by National Institutes of Health, National Institute
of General Medical Sciences (grant 2U54GM104938-06), which supports the
Oklahoma Shared Clinical and Translational Resources—Biostatistics, Epidemi-
ology, and Research Design core (OSCTR BERD).

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

Though unrelated to the questions in this review, Dr. Edwards is a site principal
investigator for a study sponsored by Cepheid, Inc that aims to optimize a
nucleic acid amplification test for group B streptococci. The remaining authors
report no conflict of interest.



Nadeau et al. BMC Pregnancy and Childbirth (2022) 22:204

Author details

ISection of Maternal-Fetal Medicine, Department of Obstetrics and Gynecol-
ogy, University of Oklahoma Health Sciences Center, 800 Stanton L. Young
Blvd, Suite 2400, Oklahoma City, OK 73104, USA. 2Department of Biostatistics
and Epidemiology, University of Oklahoma Health Sciences Center Oklahoma
City, Oklahoma City, OK, USA.

Received: 1 November 2021 Accepted: 7 March 2022
Published online: 14 March 2022

References:

1. Centers for Disease Control and Prevention. Prevention of perinatal group
B streptococcal disease: a public health perspective. MMWR Recomm
Rep. 1996;45(Rr-7):1-24.

2. Schrag S, Gorwitz R, Fultz-Butts K, Schuchat A. Prevention of perinatal
group B streptococcal disease. Revised guidelines from CDC. MMWR
Recomm Rep. 2002;51(Rr-11):1-22.

3. Dillon HCJr, Gray E, Pass MA, Gray BM. Anorectal and vaginal carriage of
group B streptococci during pregnancy. J Infect Dis. 1982;145(6):794-9.

4. Regan JA, Klebanoff MA, Nugent RP. The epidemiology of group B strep-
tococcal colonization in pregnancy. Vaginal Infections and prematurity
study group. Obstet Gynecol. 1991;77(4):604-10.

5. Schrag SJ, Zell ER, Lynfield R, Roome A, Arnold KE, Craig AS, et al. A
population-based comparison of strategies to prevent early-onset group
B streptococcal disease in neonates. N Engl J Med. 2002,347(4):233-9.

6. Prevention of Group B Streptococcal Early-Onset Disease in New-
borns: ACOG Committee Opinion, Number 797. Obstet Gynecol.
2020;135(2):e51-e72.

7. Schrag SJ, Zywicki S, Farley MM, Reingold AL, Harrison LH, Lefkowitz LB,
et al. Group B streptococcal disease in the era of intrapartum antibiotic
prophylaxis. N Engl J Med. 2000;342(1):15-20.

8. Active bacterial core surveillance report, group B streptococcus. [cited
February 05, 2021]; Available from: http://www.cdc.gov/abcs/reports-
findings/survreports/gbs18.html

9. Badri MS, Zawaneh S, Cruz AC, Mantilla G, Baer H, Spellacy WN, et al.
Rectal colonization with group B streptococcus: relation to vaginal colo-
nization of pregnant women. J Infect Dis. 1977;135(2):308-12.

10. Orafu C, Gill B, Nelson K, Hecht B, Hopkins M. Perianal versus anorectal
specimens: is there a difference in Group B streptococcal detection?
Obstet Gynecol. 2002;99(6):1036-9.

11. Jamie WE, Edwards RK, Duff P. Vaginal-perianal compared with vaginal-
rectal cultures for identification of group B streptococci. Obstet Gynecol.
2004;104(5 Pt 1):1058-61.

12. Trappe KL, Shaffer LET, Stempel LE. Vaginal-perianal compared with
vaginal-rectal cultures for detecting group B streptococci during preg-
nancy. Obstet Gynecol. 2011;118(2 Pt 1):313-7.

13. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA,
(editors). Cochrane Handbook for Systematic Reviews of Interventions.
2nd Edition. Chichester: Wiley; 2019.

14. Wells G, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The New-
castle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. [cited 2021 February 1, 2021]; Available from:
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

15. Sterne JA, Herndn MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies
of interventions. Bmj. 2016;12(355):14919.

16. Landis JR, Koch GG. The measurement of observer agreement for cat-
egorical data. Biometrics. 1977;33(1):159-74.

17. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency
in meta-analyses. BMJ. 2003;327(7414):557-60.

18. Viechtbauer W. Conducting meta-analyses in R with the metafor package.

J Stat Softw. 2010;36(3):1-48.

19. Huang DJ, Hosli |, Tschudin-Sutter S, Pfister T, Granado C, Mller-Borer D,
et al. Vaginal-perineal cultures for detecting group B streptococci and
extended spectrum {3-lactamase producing bacteria in pregnancy. Eur J
Obstet Gynecol Reprod Biol. 2019;241:24-9.

20. El Aila NA, Tency |, Claeys G, Saerens B, Cools P, Verstraelen H, et al.
Comparison of different sampling techniques and of different culture

Page 9 of 9

methods for detection of group B streptococcus carriage in pregnant
women. BMC Infect Dis. 2010;29(10):285.

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

22 Boyer KM, Gadzala CA, Kelly PD, Burd LI, Gotoff SP. Selective intrapartum
chemoprophylaxis of neonatal group B streptococcal early-onset disease.
Il. Predictive value of prenatal cultures. J Infect Dis. 1983;148(5):802-9.

23. Prévention anténatale du risque infectieux bactérien néonatal précoce.
Recommendations pour la pratique clinique. Paris: Agence Nationale
d’Accréditation et d'Evaluation en Santé; 2001.

24. Surbek D, Henle-Gross A, Seydoux J, Honegger C, Irion O, Drack G.
Prophylaxe der Early-onset-Neugeborenensepsis durch Streptokokken
der Gruppe B (German). Expertenbrief No 19. 2012.

25. Queensland Clinical Guidelines. Early onset Group B Streptococcal dis-
ease. Guideline No. MN16.20-V4-R21. Queensland Health. 2020. Available
from: http://www.health.gld.gov.au/qcg

26. Landis JR, Koch GG. The measurement of observer agreement for cat-
egorical data. Biometrics. 1977;33(1):159-74.

27. Verani JR, McGee L, Schrag SJ. Prevention of perinatal group B streptococ-
cal disease--revised guidelines from CDC, 2010. MMWR Recomm Rep.
2010;59(Rr-10):1-36.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.cdc.gov/abcs/reports-findings/survreports/gbs18.html
http://www.cdc.gov/abcs/reports-findings/survreports/gbs18.html
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.health.qld.gov.au/qcg

	Vaginal-perianal or vaginal-perineal compared with vaginal-rectal culture-based screening for Group B Streptococci (GBS) colonization during the third trimester of pregnancy: a systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Sources
	Study selection

	Results
	Discussion
	Acknowledgements
	References


