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Abstract
Background Brain-heart infusion agar supplemented with 4 µg/mL of vancomycin (BHI-V4) was commonly used 
for the detection of heterogeneous (hVISA) and vancomycin-intermediate Staphylococcus aureus (VISA). However, 
its diagnostic value remains unclear. This study aims to compare the diagnostic accuracy of BHI-V4 with population 
analysis profiling with area under the curve (PAP-AUC) in hVISA/VISA.

Methods The protocol of this study was registered in INPLASY (INPLASY2023120069). The PubMed and Cochrane 
Library databases were searched from inception to October 2023. Review Manager 5.4 was used for data visualization 
in the quality assessment, and STATA17.0 (MP) was used for statistical analysis.

Results In total, eight publications including 2153 strains were incorporated into the meta-analysis. Significant 
heterogeneity was evident although a threshold effect was not detected across the eight studies. The summary 
receiver operating characteristic (SROC) was 0.77 (95% confidence interval [CI], 0.74–0.81). The pooled sensitivity, 
specificity, positive likelihood ratio, negative likelihood ratio, diagnostic score and diagnostic odds ratio were 0.59 
(95% CI: 0.46–0.71), 0.96 (95%CI: 0.83–0.99), 14.0 (95% CI, 3.4–57.1), 0.43 (95%CI, 0.32–0.57), 3.48(95%CI, 2.12–4.85) and 
32.62 (95%CI, 8.31-128.36), respectively.

Conclusion Our study showed that BHI-V4 had moderate diagnostic accuracy for diagnosing hVISA/VISA. However, 
more high-quality studies are needed to assess the clinical utility of BHI-V4.
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Introduction
Staphylococcus aureus presents a significant threat to 
human health as it is capable of causing a wide range 
spectrum of infections from minor skin conditions to 
life-threatening diseases, particularly in healthcare set-
tings. According to a survey conducted in 2019, Staphylo-
coccus aureus ranked first in global mortality rates among 
33 bacterial pathogens [1]. This bacterium has developed 
resistance to multiple antibiotics, making it difficult to 
treat and increasing the risk of severe and prolonged 
infections. Initially, vancomycin was considered the last 
resort for treating multidrug-resistant Staphylococcus 
aureus (MRSA) [2]. However, the subsequent discovery 
of heterogeneous (hVISA) and vancomycin-intermediate 
Staphylococcus aureus (VISA) has posed new challenges 
in the clinical treatment of these pathogens [3]. Studies 
have shown that VISA/hVISA was associated with persis-
tent infection, treatment failure, and prolonged hospital 
stays [4].

VISA/hVISA and vancomycin-resistant Staphylococcus 
aureus (VRSA) are collectively known as vancomycin-
insensitive Staphylococcus aureus. In clinical practice, 
VRSA is rare, while VISA/hVISA is more commonly 
encountered. However, the main challenge for VISA/
hVISA lies in its identification. hVISA consists of sub-
populations with a frequency of 10− 4-10− 6, exhibiting 
varying levels of vancomycin-intermediate resistance. 
Standard antimicrobial susceptibility testing methods, 
such as the broth microdilution method (BMD) and 
agar dilution method (AD), utilize a two-fold dilution 
system, which may mistakenly classify hVISA as vanco-
mycin-sensitive Staphylococcus aureus (VSSA). In addi-
tion, the disk diffusion method is not recommended by 
the Clinical and Laboratory Standards Institute (CLSI) 
as a screening method for vancomycin resistance due to 
the slow diffusion of vancomycin in the culture medium 
[5]. Different methods commonly used for detecting the 
minimum inhibitory concentration (MIC) of vancomycin 
also show variations. Etest results are twofold higher than 
broth microdilution (BMD) MIC results, while Vitek2 
results are twofold lower than BMD MIC results [6]. 
When using the broth dilution method as the standard, 
Vitek Legacy and Vitek 2 systems tend to classify VISA 
strains as susceptible, while MicroScan and Phoenix sys-
tems, as well as Etest, tend to classify susceptible strains 
as VISA [7]. In conclusion, traditional drug sensitivity 
testing is not able to reliably identify hVISA/VISA.

Furthermore, the “gold standard” for hVISA/ VISA 
detection is population analysis profiling with area under 
the curve (PAP-AUC) [8]. However, this method is time-
consuming and labor-intensive, making it unsuitable for 
routine clinical use.

The routine screening for hVISA/VISA is mainly con-
ducted through phenotypic analysis using BHIA with 

different glycopeptides. Numerous studies made exten-
sive use of BHI-V4 due to its affordability and ease of 
use. However, the diagnostic value of this screening plate 
remains unclear. To the best of our knowledge, there 
are few meta-analyses available regarding the screen-
ing methods for hVISA/VISA in English journals. As a 
result, it becomes necessary to summarize the reported 
findings, assess the available data, and attempt to identify 
research gaps that need to be filled.

Materials and methods
Search strategy
Relevant studies on VISA and hVISA published from 
inception to October 2023 were searched in PubMed, 
Embase, Cochrane Library and Web of Science using 
the following keywords: ‘vancomycin-intermediate 
Staphylococcus aureus’; ‘VISA’; ‘heterogeneous vanco-
mycin-intermediate Staphylococcus aureus’; ‘hVISA’; 
‘Staphylococcus aureus with reduced susceptibilities to 
vancomycin’; ‘VNSA’; ‘glycopeptide-intermediate Staphy-
lococcus aureus’; ‘GISA’; ‘heterogeneous glycopeptide-
intermediate Staphylococcus aureus’; ‘hGISA’. Figure  1 
performs the search strategy outlined following the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [9]. The system-
atic search conducted was not restricted to any specific 
study or publication type to ensure a thorough evalu-
ation of the literature. Our protocol was registered on 
18 December 2023 by INPLASY under registration 
number INPLASY2023120069 with the purpose of 
“diagnostic value of BHI-V4 for heterogeneous and van-
comycin-intermediate Staphylococcus aureus isolates” 
[10].

Inclusion and exclusion criteria
Original studies that met the following criteria were 
included: (1) all experiments including BHI-V4 screen-
ing (The standard inoculum concentration and volume 
are 0.5McFarland and 10ul, respectively); (2) published 
papers; (3) reference method was PAP-AUC; (4) The 
indicators of true positive (TP), false positive (FP), false 
negative (FN), and true negative (TN) needed for the 
combined effect value could be derived directly or indi-
rectly using the original study’s data.

Exclusion criteria included: (1) review, brief report, 
case report, letter, comment, or conference paper; (2) 
duplicate publications; (3) unable to retrieve full text; (4) 
non-English publications; (5) unable to obtain the TP, FP, 
FN, TN, and other data directly or indirectly, or the data 
is incorrect; (6) without PAP-AUC.

Study selection
Two reviewers (X.C. and J.Z.) autonomously evaluated 
titles, abstracts, and full-text papers. Discrepancies in 
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Fig. 1 Flow diagram showing the study selection process. WOS: Web of Science
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the selection of studies were handled by engaging in dis-
cussions until an agreement was reached. If necessary, 
a third reviewer (F.Y., J.M., S.G., or J.S.) was consulted 
for further input. The eligibility of studies was evalu-
ated based on the specified criteria for inclusion and 
exclusion.

Quality assessment and data extraction
Two reviewers (X.C. and J.Z.) conducted a quality assess-
ment for each study using the QUADAS-2 tool, which is 
a method for evaluating the quality of diagnostic studies 
[11]. Review Manager 5.4 was utilized for data visualiza-
tion in the quality assessment. The following data were 
extracted from the included studies: author, year, TP, FP, 
FN, TN, country, sample size, and phenotype, as well as 
study type.

Data analysis
STATA17.0 (MP) was utilized for statistical analysis. The 
effect sizes of diagnostic accuracy were pooled, which 
included sensitivity, specificity, diagnostic odds ratio 
(DOR), negative likelihood ratio, and positive likelihood 
ratio with their associated 95% confidence intervals 
(95%CIs). The SROC curves were employed to compute 
the AUC of the integrated model. The threshold het-
erogeneity of the included studies was assessed using 
Spearman’s correlation coefficient, and non-threshold 
heterogeneity was assessed using Cochran’s Q and I2 val-
ues. A random effects model was employed to integrate 
the data if the I2 value was greater than 50% or P < 0.05 
which indicated significant heterogeneity. When the I2 
value was less than 50% or P ≥ 0.05, a fixed effect model 
was chosen. Fagan nomogram was used to evaluate clini-
cal utility. Deek’s funnel plot was used to examine the 
publication bias of the included studies. A P < 0.05 was 
deemed statistically significant.

Results
Search results and study characteristics
The study selection process is depicted in Fig. 1. A total 
of 1232 studies were yielded by our search approach, 

with 11 duplicates discarded, 1105 eliminated after titles 
and abstracts were screened, and 88 removed after full-
text article reading. The remaining 28 potentially eligible 
studies were selected for further evaluation. Of these, 
20 articles were excluded based on the exclusion crite-
ria. Finally, a total of eight publications [12–19] were 
included in this meta-analysis.

The main characteristics of the included studies are 
briefly presented in Table  1. Of the eight studies, five 
were retrospective studies and three were prospective 
studies; half of the studies were conducted in America, 
whereas the other half were in India, Argentina, Brazil, 
and England; all studies were conducted during 2001–
2017. In addition, the sample size ranged from 11 cases 
to 500 cases.

Quality assessment
As indicated in Fig. 2, the general quality of the included 
literature was high. The gold standard, diagnostic criteria 
for hVISA/VISA, and demographic information were all 
described in all of the included investigations. However, 
none of the studies adopted a case-control design and it 
is unclear whether BHI-V4 was conducted at the same 
time as the reference standard. None of the studies was 
excluded based on the quality assessment.

Performance of BHI-V4 in diagnosing hVISA/VISA
Heterogeneity analysis
The Spearman’s correlation coefficient was − 0.70, and 
the proportion of heterogeneity likely due to the thresh-
old effect was 0.48, suggesting that the threshold effect 
is negligible, thus permitting the combining of the effect 
sizes. Moreover, the results indicated high non-thresh-
old heterogeneity (Q = 99.875, I2 = 98.95%); therefore, 
the effect sizes were combined using the random effects 
model.

Combined effect analysis
The SROC was 0.77 (95% CI, 0.74–0.81) (Fig.  3). The 
pooled sensitivity, specificity, positive likelihood ratio, 
negative likelihood ratio, diagnostic score, and diagnostic 

Table 1 The main characteristics of the included studies
Author Year TP FP FN TN Country Sample size and phenotype Study type
Rajesh et al [12] 2017 36 30 26 408 India 500 MRSA retrospective
Riad et al [13] 2015 37 6 29 544 America 616 MRSA prospective
Riederer et al [14] 2011 11 0 29 445 America 485 MRSA prospective
Sabrina et al [15] 2015 0 2 3 6 Argentina 11 unknown prospective
Sandra et al [16] 2013 15 15 10 20 America 60 MRSA retrospective
Sarah et al [17] 2010 19 8 2 111 America 140 MRSA retrospective
Thaina et al [18] 2016 4 0 3 5 Brazil 12 MRSA retrospective
Timothy et al [19] 2001 32 34 13 250 England 284MRSA

45 SRSVa
retrospective

aStaphylococcus strains with reduced susceptibilities to vancomycin
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odds ratio were 0.59 (95% CI: 0.46–0.71), 0.96 (95%CI: 
0.83–0.99), 14.0 (95% CI, 3.4–57.1), 0.43 (95%CI, 0.32–
0.57), 3.48(95%CI, 2.12–4.85) and 32.62 (95%CI, 8.31-
128.36), respectively (Fig. 4).

Fagan nomogram analysis
We evaluated the utility of BHI-V4 for diagnosing hVISA/
VISA using the Fagan nomogram (Fig. 5). When the pre-
test probability was set at 20%, the post-test probabil-
ity was 78% for a positive result and 10% for a negative 
result. This indicates the good diagnostic value of BHI-
V4 in clinical applications.

Publication bias
A Deek funnel plot (Fig.  6) was created to evaluate the 
presence of publication bias and there was no publica-
tion bias in the included studies for BHI-V4 in detecting 
hVISA/VISA (P = 0.31).

Discussion
The association between the presence of hVISA/VISA 
and suboptimal therapeutic outcomes with glycopeptide 
drugs has been extensively documented in the literature. 
However, conventional detection techniques often face 
challenges in accurately identifying these bacteria due to 
limitations in sensitivity, potentially leading to an under-
estimation of their actual prevalence [20]. A meta-anal-
ysis showed that the hVISA detection rate in the 99,042 
MRSA strain was 6.05%, and the VISA detection rate in 
the 68,792 MRSA strain was 3.01% [21]. However, the 
prevalence of hVISA and VISA varies greatly in different 
literature reports. In routine practice, it is not feasible to 
employ gold-standard testing for all strains. Therefore, 
there is an urgent need to develop a simple and cost-
effective screening method that can aid in early detec-
tion and prevent antibiotic overuse. Fortunately, BHI-V4 
possesses all the aforementioned advantages. While the 
BHI-V4 method is commonly used as a screening tool, 
it is important to note that its reported sensitivity and 
specificity have varied across different research studies 
[12–19], and most studies lack statistical information. 

Hence, our research focuses on evaluating the diagnos-
tic value of BHI-V4 for hVISA/VISA. To the best of our 
knowledge, this is the first review and meta-analysis on 
the diagnostic method for hVISA/VISA.

This study selected eight relevant works of literature 
from 1232 articles using PAP-AUC as the gold standard 
for screening hVISA/VISA with BHI-V4. The results 
showed a combined sensitivity of 0.59, indicating mod-
erate sensitivity and suggesting a potential for missed 
diagnoses. The specificity was 0.96, indicating strong 
specificity. The positive likelihood ratio was 14.0, suggest-
ing a low misdiagnosis rate, meaning that when BHI-V4 
is positive, there is a high probability of suspected hVISA/
VISA. The negative likelihood ratio was 0.43, indicating a 
relatively high rate of missed diagnosis with BHI-V4 neg-
ativity, meaning that the possibility of excluding hVISA 
is relatively low when BHI-V4 is negative. The SROC 
AUC was 0.77, indicating high diagnostic accuracy. By 
comparison, BHIA supplemented with 6  µg/mL of van-
comycin (BHI-V6) had a specificity of 98.8% but a sensi-
tivity of only 3.8% while BHIA supplemented with 5 µg/
mL of teicoplanin (BHI-T5) has a sensitivity of 88.5% and 
a specificity of 17.3% [17]. Furthermore, Etest derivative 
techniques such as glycopeptide resistance detection and 
macro Etest method have been reported to exhibit a high 
level of specificity but a poor level of sensitivity [5, 17, 22, 
23].

The heterogeneity test results indicate that there are 
statistically significant differences between different 
research findings, which may be related to the following 
factors. First, BHI-V4 itself has limitations and cannot 
effectively distinguish between hVISA and VISA. Some 
studies refer to hVISA as growth on medium after 24 h, 
and VISA as growth on medium after 24–48 h [3, 19, 24]. 
However, this rough identification result may differ from 
the gold standard identification result. It is well-known 
that VISA has a more pronounced phenotype that is 
easier to identify than hVISA. Hence, the proportion of 
hVISA /VISA will affect the detection efficiency. Second, 
both hVISA and VISA are unstable and can revert to a 
sensitive state under certain conditions [25]. Therefore, 

Fig. 2 Summary of risk of bias and applicability of concerns graph
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timely detection is crucial for hVISA/VISA. Unfortu-
nately, the timeliness of detection was not mentioned in 
the studies. Third, sample sizes vary across studies, and 
small sample sizes can introduce biases into the results. 
Four articles had a strain count of fewer than 200 cases, 
and three studies even had a strain count below 100 
cases. In addition, various factors during the experimen-
tal process, such as the quality of the testing materials 
like BHI and vancomycin, incubation conditions, the sta-
tus of the strains, and the proficiency of the operators, 
can influence the detection rate. It is difficult to identify 

the causes of these heterogeneity results through sub-
group analysis.

There are several limitations to this article. The main 
limitation of this meta-analysis is that only 8 studies were 
included, and the heterogeneity is high. Second, because 
the included papers are all published, publication bias 
must be considered, especially in meta-analysis research 
that depends on published studies of testable interven-
tions [26]. Third, the diagnostic data for BHI-V4 in the 
included studies were estimated indirectly, and addi-
tional direct evidence is needed to determine BHI-V4’s 

Fig. 3 Summary receiver operating characteristic curves
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Fig. 4 Forest plot of sensitivity (A), specificity (B), positive likelihood ratio (C), negative likelihood ratio (D), diagnostic score (E) and diagnostic odds ratio 
(F) of BHI-V4
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Fig. 5 Fagan nomogram of the accuracy of BHI-V4
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diagnostic significance. However, because no publication 
bias was identified in this investigation, we assume that 
this bias should be minimal.

In conclusion, our study showed that BHI-V4 had mod-
erate diagnostic accuracy for diagnosing hVISA/VISA 
based on the available data. Moreover, the advantages of 
excellent economic benefits and simple operation make 
this method suitable for clinical promotion. However, 
its low sensitivity increases the risk of false negatives or 
missed detections. In clinical practice, it is reasonable 
to combine other screening methods such as BHI-T5 to 
reduce the risk of missed detections. Furthermore, more 
high-quality studies are needed to assess the clinical util-
ity of BHI-V4.
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