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Abstract 

Background: Group B Streptococcal (GBS) infection is the primary agent of neonatal morbidity and mortality. Rapid 
and simple methods to detect GBS are Xpert GBS and GBS LB assays based on real‑time polymerase chain reaction 
(PCR). However, since the diagnostic accuracy of the two techniques in diagnosing GBS remains unclear, we designed 
this study to appraise the diagnostic accuracy of the aforementioned.

Methods: A systematic search of all literature published before July 16, 2020 was conducted using Embase, PubMed, 
Web of Science, and Cochrane Library. The study quality was evaluated through Review Manager 5.3. Accordingly, 
data extracted in the included studies were analyzed using Meta‑DiSc 1.4 and Stata 12.0 software. The diagnosis odds 
ratio (DOR) and bivariate boxplot were utilized to evaluate the heterogeneity. Publication bias was appraised by using 
Deeks’ funnel plot.

Results: A total of 13 studies were adopted and only 19 sets of data met the criteria. The sensitivity and specificity of 
Xpert GBS were 0.91 (95% CI 0.89–0.92) and 0.93 (95% CI 0.92–0.94). The area under the curve (AUC) was 0.9806. The 
sensitivity and specificity results of Xpert GBS LB were 0.96 (95% CI 0.95–0.98) and 0.94 (95% CI 0.92–0.95), respectively. 
The AUC was 0.9950. No publication bias was found.

Conclusions: The Xpert GBS and GBS LB assays are valuable alternative methods with high sensitivity and specificity. 
However, determining whether they can be used as clinical diagnostic standards for GBS is essential for the future.
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Background
Streptococcus agalactiae, also known as group B Strepto-
coccus (GBS), is a gram-positive Streptococcus inhabiting 
the vagina and rectum of humans [1]. GBS may repro-
duce briefly, intermittently, or continuously on the vagi-
nal or anorectal mucosa of a woman [2]. Worldwide, the 
estimated incidence of systemic invasive GBS in pregnant 

women is 0.38 cases per 1000, with a case fatality rate of 
0.2% [3]. China has an estimated 13,604 cases of GBS and 
1141 deaths of GBS-related infants aged less than 90 days 
each year [4]. GBS can be vertically transmitted from a 
pregnant woman to a newborn at birth, causing early 
(day 6) or late (day 7 to day 89) disease, a common cause 
of neonatal infection and death [5, 6].

The American College of Obstetricians and Gynecol-
ogists (ACOG) guidelines in 2019 recommend GBS 
screening for pregnant women with a gestational age 
between 36 0/7 and 37 6/7 weeks and intrapartum antibi-
otic prophylaxis (IAP) treatment for women with positive 
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results. Currently, enrichment culture is the gold-stand-
ard method for detecting GBS [7–9]. However, with limi-
tations: (a) it requires 18–72 h; (b) the source of specimen 
collection and the experience of laboratory operators 
have a significant impact on its accuracy; (c) sensitiv-
ity is estimated at 54.3 to 83.3%. In addition, as enrich-
ment culture takes time to obtain results, some pregnant 
women who don’t receive prenatal care before present-
ing in labor and those who give birth prematurely, before 
the recommended testing period cannot be helped [10, 
11]. Moreover, the 2010 CDC revision of the guidelines 
mentioned that nucleic acid amplification tests (NAAT) 
such as polymerase chain reaction (PCR) could be used 
to assess intrapartum GBS colonization with the advan-
tage of rapid turnaround time. But the sensitivity of the 
direct-from-specimen testing is not adequate compared 
to culture [1]. Futhermore, traditional PCR requires tech-
nically skilled operators and specific laboratory equip-
ment, thereby limiting its practical use [12].

Presently, increasing real-time PCR assays for GBS 
have been developed, such as Xpert GBS (Cepheid, USA) 
and Xpert GBS LB (Cepheid, USA). Cepheid’s Gene 
Xpert System can automatically extract, amplify, and 
detect DNA, a system that could be installed out of the 
laboratory in countries approved by regulatory bodies, 
only requiring simple operation and providing results in 
less than 1  h, resulting in a more practical method for 
the rapid diagnosis of GBS [11, 13]. It targets the CAMP 
factor encoding gene present in nearly all GBS [14]. Fur-
thermore, Xpert GBS and Xpert GBS LB are both based 
on the Gene Xpert System for the antepartum and intra-
partum screening of GBS. They differ fundamentally in 
that the specimen of Xpert GBS LB requires enrichment 
before detection, while Xpert GBS is performed from the 
primary specimen without enrichment [15]. However, 
due to the lack of systematic evaluation of the accuracy of 
Xpert GBS and Xpert GBS LB in detecting GBS, we con-
ducted this research to assess the sensitivity and specific-
ity of these methods to provide a new method for clinical 
rapid diagnosis of GBS.

Methods
Study design
Studies published before July 16, 2020 were considered 
for the literature review. The accuracy of the Xpert GBS 
and GBS LB diagnostics in the GBS was systematically 
reviewed through a pooled-analysis.
Search strategy
We searched all literature dated before July 16, 2020 in 
four major databases—PubMed, Embase, Web of Sci-
ence, and Cochrane Library—using the following search 
strategy: ((“Xpert GBS” OR “Xpert GBS technology” OR 
“Xpert GBS assay” OR “Xpert® GBS real-time PCR” OR 

“Xpert GBS real-time PCR assay” OR “Xpert GBS real-
time PCR kit” OR “Xpert GBS rapid test”) AND “Group 
B Streptococcal [all synonyms]”).

Study selection
Inclusion criteria: Studies were included if (1) Xpert 
GBS or GBS LB assay was used as a detection method; 
(2) complete data were extractable to construct fourfold 
tables; (3) the reference standard was described, includ-
ing GBS culture (enrichment culture or direct culture) or 
PCR; (4) they were published in English; (5) the sample 
size was no fewer than 50.

Exclusion criteria: Studies were excluded when (1) 
duplicate studies existed; (2) there was a lack of com-
plete data for fourfold tables; (3) no reference standard 
or composite reference standard, including Xpert GBS or 
GBS LB assay, were provided; (4) abstracts or conference 
summary.

Data extraction and quality assessment
All our data were extracted independently by four experi-
menters, followed by checking and verification by other 
experimenters. Any existing differences were verified by 
other experimenters twice until correct.

The Quality Assessment of Diagnostic Accuracy Stud-
ies (QUADAS-2) guideline was used to evaluate the qual-
ity of the included study that has four key parts: patient 
selection, index test, reference standard, and flow and 
timing [16]. The quality of studies was plotted using 
Review Manager version 5.3.

Statistical analysis
Meta-DiSc version 1.4 was employed to estimate the 
extracted fourfold table data: sensitivity, specificity, 
positive likelihood ratio (PLR), negative likelihood ratio 
(NLR), diagnostic odds ratio (DOR), together with 95% 
confidence intervals (95% CIs). Subsequently, a summary 
receiver operating characteristic (SROC) curve was plot-
ted based on pooled sensitivity and specificity, followed 
by conducting a random effects model to analyze the 
data; the results were presented via forest maps. We used 
Stata version 12.0 to draw Deeks’ funnel plot to detect 
publication bias along with generating a bivariate box 
plot and Fagan’s nomogram to evaluate the outliers and 
describe the diagnosis value of Xpert GBS and GBS LB 
assays for GBS.

In addition, we found that if the true positive (TP) 
or true negative (TN) of the four-fold table data was 0, 
errors would occur in data analysis. In order to solve this 
problem, we changed 0 to 0.5 in meta-DISc and 0 to 1 for 
Fagan’s nomogram in Stata.
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Results
Eligible studies
We searched 45 related studies from four databases (19 
in PubMed, 4 in Embase, 22 in Web of Science, and 0 
in Cochrane Library) according to the search strategy, 
excluding 23 duplicates of these. Moreover, none of the 
studies were excluded after reviewing the abstract. There-
fore, by screening the full text of the 22 studies, 9 were 
excluded due to various reasons (2 studies lacked gold 
standard, 2 studies were short of enough samples, 1 had 
composite gold standard including detection method, 1 
was a conference summary, and 3 had incomplete data). 
At last, we incorporated 13 studies meeting the inclusion 
and exclusion criteria [2, 10–15, 17–22]. More details 
have been provided in the supplementary materials 
(Additional file 1: Figure S1).
Study result & characteristics
In the selected 13 studies, we obtained 19 groups of 
data and 6273 samples. From these studies, we identi-
fied information such as author, year, country, reference 
standard, detection method, sample type, sample source, 
the timing of specimen collection and pregnancy time. 
The detailed characteristics of the included studies are 
summarized in Table 1.

Study quality assessment
The quality of the individual studies was appraised 
by QUADAS-2 items, as shown in Fig.  1. In terms of 
patient selection, the results indicated that 1 study was 
likely to have an unclear risk of bias while the other 12 
studies were at low risk. The applicability concerns of 1 
study were rated as unknown and 12 as low. The index 
test presented that 5 studies had an unclear risk of bias 
when the other 8 studies had a low risk. The applicability 
concerns included 5 studies of unknown concerns and 8 
of low concerns. In terms of reference standard, 1 study 
was rated an unclear risk and its applicability concern 
was unknown. The other 12 studies showed low risks of 
bias and low concerns. In terms of flow and timing, all 
the bias risks of included studies were rated low.

Results of Xpert GBS
SROC curve and diagnostic accuracy
The results of sensitivity and specificity were 0.91 (95% 
CI 0.89–0.92) and 0.93 (95% CI 0.92–0.94), as shown in 
Fig.  2a and b, respectively. The PLR of Xpert GBS was 
17.57 (95% CI 8.86–34.81) (Fig.  2c) and the NLR was 
0.10 (95% CI 0.05–0.20) (Fig. 2d). The result of DOR was 
217.19 (95% CI 62.96–749.20) (Fig.  2e). The AUC (the 
area under the SROC curve) of Xpert GBS (Fig. 2f ) was 
0.9806 and the Q* index was 0.9383. The Fagan nomo-
gram analysis showed positive post-test probability (97%) 

and negative post-test probability (5%) when the pre-
dicted probability was set to 50% (Fig. 3).
Heterogeneity analysis
We applied the Bivariate boxplot and index (I-square) to 
analyze the heterogeneity. For Xpert GBS, the bivariate 
boxplot of Xpert GBS (Fig. 4) showed that three sets of 
data were out of the circles. Besides, the  I2 of DOR was 
92.1% (Fig. 2e). We used the Spearman correlation coef-
ficient to evaluate the threshold effect of the included 
studies. With the studies that used Xpert GBS, the Spear-
man correlation coefficient was −0.063 and their p value 
was 0.846.

Publications bias evaluation
We used Deeks’ funnel plot to evaluate the publication 
bias [23]. Xpert GBS assay is shown in Fig. 5. The p value 
of Xpert GBS is 0.73.

Results of Xpert GBS LB
SROC curve and diagnostic accuracy
The results of sensitivity and the specificity of Xpert GBS 
LB were 0.96 (95% CI 0.95–0.98) and 0.94 (95% CI 0.92–
0.95), as shown in Fig. 6a and b respectively. The PLR and 
the NLR of Xpert GBS was 15.32 (95% CI 9.20–25.53) 
(Fig.  6c) and 0.04 (95% CI 0.01–0.14) (Fig.  6d), respec-
tively. The result of DOR was 1052.05 (95% CI 362.04–
3057.14) (Fig.  6e). In the SROC curve of Xpert GBS 
LB, the AUC (Fig. 6f ) was 0.9950 and the Q* index was 
0.9727. The Fagan nomogram analysis showed positive 
post-test probability (99%) and negative post-test prob-
ability (3%) when the predicted probability was set to 50% 
(Fig. 7).
Heterogeneity analysis
For the bivariate boxplot of Xpert GBS LB, one set of data 
out of the circles showed low heterogeneity between the 
included studies (Fig. 8). In addition, the  I2 of DOR was 
20.9% (Fig.  6e). The Spearman correlation coefficient of 
the studies about Xpert GBS LB was 0.500 and its p value 
was 0.253.

Publications bias evaluation
The Deeks’ funnel plot of Xpert GBS LB assay is shown in 
Fig. 9. The p value of Xpert GBS LB is 0.91.

Discussion
More than 21 million pregnant women are colonized 
by GBS each year, which is parasitic on the vagina and/
or rectum and can be vertically transmitted to the fetus 
during pregnancy or delivery [6, 24]. There are approxi-
mately 319,000 invasive neonatal GBS infections world-
wide. Furthermore, 35% of neonatal deaths are caused by 
GBS infections [25]. Therefore, it is important to identify 
GBS infections during pregnancy and at the time of birth.
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The Xpert GBS and GBS LB (Cepheid, USA) are rapid 
and convenient PCR assays for detecting GBS based on 
Cepheid’s Gene Xpert System [11]. A comprehensive 
search based on the inclusion and exclusion criteria set 
by this study led to the retrieval of 13 articles and 19 
sets of data. The test methods included in these studies 
are Xpert GBS and GBS LB assays from Cepheid, USA, 

suggesting that the data we extracted would not cause 
great heterogeneity by different manufacturers.

The AUC (0.9806) and the Q index (0.9383) of the 
SROC curve for Xpert GBS are both close to 1, suggest-
ing high diagnostic values. The results of the system-
atic evaluation we performed showed that Xpert GBS 
owned a sensitivity of 0.91 (95% CI 0.89–0.92), a speci-
ficity of 0.93 (95% CI 0.92–0.94), and a DOR of 217.19 

Fig. 1 Methodological quality assessment of included studies



Page 6 of 11Han et al. Ann Clin Microbiol Antimicrob           (2021) 20:62 

(95% CI 62.96–749.20). Besides, the  I2 of DOR was 
92.1%. The grades of heterogeneity distinguished by  I2 
are explained as follows: 0–40% shows low heterogene-
ity, 50–70% shows moderate heterogeneity, and > 70% 
shows significant heterogeneity [26]. Further, we used a 
bivariate boxplot to estimate sensitivity and specificity 
with the corresponding 95% CI of the included studies. 
There are two elliptical lines in the plot, and the inner 
one represents the median distribution while the outer 

is represents 95% CI. The point out of the oval indirectly 
implies the threshold variability [27]. For Xpert GBS, the 
bivariate boxplot of Xpert GBS showed that three sets of 
data were out of the circles, meaning there was hetero-
geneity between the included studies. The result of the 
Spearman correlation coefficient (−0.063) was less than 
0.6 and the p value (0.846) was greater than 0.05, indicat-
ing that there is no threshold effect in the included stud-
ies of Xpert GBS [28]. We didn’t find publication bias 

Fig. 2 Forest plot of Xpert GBS assay. (a sensitivity, b specificity, c positive LR, d negative LR, e diagnostic odds ratio, f SROC curve)
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of Xpert GBS because the p value of Deeks’ funnel plot 
(0.73) was greater than 0.05, which indicated that the 
absence of asymmetry was not statistically significant 
[29].

For Xpert GBS LB, the AUC (0.9950) and the Q index 
(0.9727) of the SROC curve for Xpert GBS LB are both 
closer to 1, suggesting more effective diagnostic accuracy 
than Xpert GBS. It had a sensitivity of 0.96 (95% CI 0.95–
0.98), a specificity of 0.94 (95% CI 0.92–0.95), and a DOR 
of 1052.05 (95% CI 362.04–3057.14). In addition, the  I2 of 
DOR was 20.9%. For Xpert GBS LB, one set of data out of 
the circles showed low heterogeneity between included 
studies. Therefore, there is low heterogeneity of Xpert 
GBS LB. The result of the Spearman correlation coeffi-
cient (0.500) was less than 0.6 and the p value (0.253) was 
more than 0.05, showing there was no threshold effect of 
Xpert GBS LB assay. We didn’t find publication bias in 
the included studies of Xpert GBS LB because the p value 
of Deeks’ funnel plot (0.91) is greater than 0.05, indicat-
ing there was no publication bias or asymmetry in the 
figure.

In addition, we analyzed possible sources of heteroge-
neity in the inclusion studies detected by Xpert GBS: ret-
rospective or prospective studies, differences in gestation 
time, delivery time, or prenatal sampling time, vaginal 
and rectal or amniotic fluid sampling sites, etc. A study 
in Lima, Peru, showed that more GBS were isolated from 
the vagina than the rectum. Prenatal sampling may also 
influence the detection of GBS [30]. Studies have shown 
that the colonization rate of GBS culture in the third tri-
mester (35–37 weeks) was 29.0%, slightly lower than that 
in the prenatal period (29.7%) [31].

We found that the sensitivity and specificity of Xpert 
GBS LB assay were higher than Xpert GBS assay com-
pared to culture. This is consistent with the results that 
Blake W. Buchan constructed to compare diagnosis 
accuracy with Xpert GBS and GBS LB assays [10]. The 
fundamental difference between the two methods is 
whether the specimen broth-enriched 18–24  h before 

Fig. 3 Fagan nomogram analysis of Xpert GBS assay

Fig. 4 Bivariate boxplot of Xpert GBS assay

Fig. 5 Deeks’ funnel plot asymmetry test of Xpert GBS assay
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detection. Despite the lower sensitivity and specificity, 
Xpert GBS assay takes less than 1 h to produce results 
and thus applies to intrapartum screening in delivery. 
Xpert GBS LB assay has higher sensitivity and specific-
ity, but it takes more time than Xpert GBS assay, there-
fore applying more to antepartum screening. These two 
methods have their own advantages and complement 
each other.

However, our current research still has some limita-
tions, as reflected in the following aspects: pregnancy 
time, reference standard and type of sample, which 
make the exhaustive evaluation of the data difficult. 

Furthermore, because we have not been able to contact 
the author to obtain the unknown timing of specimen 
collection, we are unable to know whether the sensitiv-
ity of Xpert GBS and GBS LB assays detected during 
antepartum and intrapartum is different. A compara-
tive study in parallel of both methodologies is necessary 
to demonstrate the greater usefulness of one of them.

In summary, Xpert GBS and GBS LB assays have excel-
lent accuracy in the rapid diagnosis of GBS infection in 
pregnant women. Therefore, further prospective studies 
are needed to verify whether it can be used as widely as 
gold standard GBS culture in clinical practice.

Fig. 6 Forest plot of Xpert GBS LB assay. (a sensitivity, b specificity, c positive LR, d negative LR, e diagnostic odds ratio, f SROC curve)
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Conclusions
The Xpert GBS and GBS LB assays are quick and sensi-
tive prenatal GBS testing tools. Ideally, the test can be 
conducted near the delivery room to provide a fast and 
accurate diagnosis.
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