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Abstract
Purpose  Bacterial vaginosis (BV) is a dysbiosis of the vaginal microbiome and a condition found in 20–30% of all women. 
Literature describing the possible link between BV and subfertility is increasing. Newer techniques such as quantitative 
polymerase chain reactions (qPCR) detect BV more accurately than traditional methods but come with high costs. The 
association between pH and BV as diagnosed using traditional methods is well-established in a symptomatic population. 
This study is the first to investigate the association between pH and BV diagnosed by qPCR in an asymptomatic subfertile 
population and to examine the usefulness of pH as a means of cost reduction.
Methods  Data of 170 pH–qPCR combinations were used from a prospective cohort study examining bacterial vaginosis 
in a subfertile population. 102 women received a vaginal swab and pH measurement at baseline and subsequent advanced 
reproductive technology (ART) treatments. The swabs are analysed using the AmpliSens®Florocenosis/Bacterial vaginosis-
FRT qPCR kit.
Results  pH is strongly associated with BV as diagnosed by qPCR (OR 3.06, p = 0.000, CI 1.65–5.68). The cut-off point for 
pH ≥ 4.7 maximised diagnostic performance [AUC 0.74 (CI 0.66–0.83), sensitivity 76%] and reduced costs by 60%.
Conclusion  This study shows that the vaginal pH for a multi-ethnic, asymptomatic population of women attending fertility 
clinics is strongly associated with BV qPCR outcome. Using the cut-off of pH of 4.7 has a high sensitivity for diagnosis of 
BV by qPCR and can be achieved at a cost reduction of 60%.
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What does this study add to the clinical work 

It is cost reductive to only diagnose bacterial vagi-
nosis by qPCR in an  asymptomatic subfertile 
patient when the vaginal pH-value is ≥ 4.7.

Introduction

Subfertility is a relatively common and increasing prob-
lem over the last decades [1]. In the Netherlands, subfertile 
couples are eligible for advanced reproductive technologies 
(ART) such as in-vitro fertilisation (IVF) or intra-uterine 
insemination (IUI) when the 1-year prognosis for spontane-
ous pregnancy is under 30% [2]. For many people, having 
children constitutes a major part of their existence and an 
inability to do so can be a traumatic experience [3]. In recent 
years, dysbiosis of the vaginal microbiome or bacterial vagi-
nosis (BV) has been associated with preterm birth, endome-
tritis, subfertility and the success rates of fertility treatments 
[4–7]. The mechanism behind the effect on subfertility is 
still unclear. Some studies report that BV has no effect on 
conception rates but is significantly associated with early 
pregnancy loss (RR 1.68, 95% CI 1.24–2.27), indicative of 
a problem related to implantation [8, 9].

BV is characterised by a shift in the vaginal microbiome 
from a Lactobacillus dominated profile to a more variable 
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profile with anaerobic and facultative anaerobes. The over-
growth of these anaerobes causes symptoms of abnormal 
discharge, fishy odour and itching. However, half of the 
BV cases are asymptomatic. Typical treatment consists of a 
7-day course of either oral or vaginal clindamycin or met-
ronidazole and is known to have high recurrence over 50% 
of cases within 1 year [10]. The exact aetiology of BV is 
unclear but influencing factors include: vaginal douching, 
ethnicity, obesity, smoking, sexually transmissible diseases 
or unprotected sexual behaviour [11–13].

The gold standard for the diagnosis of BV is the Nugent 
score utilising gram-stained smears. The technique requires 
a skilled microbiologist and is time-consuming. The Amsel 
criteria are an alternative due to their simplicity and com-
parable performance but still require a microscope. Both 
methods are quite cumbersome and the Amsel criteria, by 
virtue of using clinical criteria, favours symptomatic BV 
cases. The use of the newer quantitative polymerase chain 
reactions (qPCR) methods allows for a more objective and 
accurate diagnosis of BV [4, 14]. A recent study compared 
the Nugent score and a BV qPCR assay to a full microbiome 
analysis using 16s ribosomal DNA-sequencing. The Nugent 
score attained a sensitivity for BV of 63.9%, while the BV 
qPCR assay achieved 80.6%, both methods had a specific-
ity of ≥ 92.4%. This indicates a substantial performance gap 
between traditional methods and qPCR [14].

A disadvantage of using qPCR-tests is that they are 
expensive. Measuring a vaginal pH (as used in the Amsel 
criteria) is a simple and cheap procedure. pH is a good 
predictor for BV diagnosed by the Nugent score, but it is 
unknown whether this holds true for asymptomatic cases 
detected by qPCR [15, 16].

In some fertility clinics, commercial qPCR or micro-
biome testing is already available for subfertile couples. 
Searching for the cause of their subfertility, couples are will-
ing to pay a high price for extra examinations, even when 
evidence is still insufficient [17]. The goal of this study is 
to examine the association of pH value with asymptomatic 
BV as diagnosed using qPCR, in a bid to potentially drive 
down costs related to using qPCR or microbiome testing in 
fertility clinics.

Materials and methods

Data were extracted from the database of an ongoing pro-
spective cohort study examining the impact of BV in fer-
tility patients (approved by medical ethics committee Lei-
den-Delft-Den Haag, reference Z21.031). Inclusions for 
this prospective study were ongoing at the time of writing. 
Patients visited the fertility outpatient clinic of The Haaglan-
den Medical Centre (The Hague, The Netherlands). Eligible 

women undergoing an initial fertility assessment (IFA) were 
included and followed for up to five ART treatments.

Participants

Women of 18 years and older were eligible for inclusion. 
After the initial assessment, women were either managed 
expectantly or treated using IVF, IUI or ovulation induction 
depending on the cause and duration of subfertility. Eligible 
women were measured at baseline and those treated with 
IVF or IUI received further swabs and pH measurements. 
The exclusion criteria were a history of three or more mis-
carriages, an inability to speak neither Dutch nor English, 
the use of antibiotics in the previous month or the use of 
prophylactic antibiotics in general. Incomplete combinations 
of pH measurements and vaginal swabs were excluded from 
the analysis.

Data collection

An e-swab (Copan Italia SpA, Brescia, Italy) was taken from 
the posterior fornix after inserting a speculum while wearing 
gloves. The pH measurements were performed using a pH-
Fix 4.0–7.0 (ref 92137, Macherey–Nagel, Düren, Germany). 
The pH strip measured in the following increments: 4, 4.4, 
4.7, 5, 5.3, 5.8, 6.1, 6.5, and 7.0. The measurements were not 
performed if the woman was menstruating or post-coital. For 
the subsequent ART procedures, the combination of swab 
and pH measurement was performed prior to the ovum pick 
up or insemination.

The swabs were analysed by an external laboratory 
(NMDL & DDL laboratory, Rijswijk, the Netherlands), 
using a CE-IVD marked multiplex quantitative PCR assay, 
the AmpliSens® Florocenosis/Bacterial vaginosis-FRT PCR 
kit (InterLabService, Moscow, Russia). Based on the pres-
ence of Lactobacillus species, Gardnerella vaginalis, Atopo-
bium vaginae (recently reclassified as Fannyhessea vaginae 
[18]) and total amount of bacteria, swabs were categorised 
as BV positive (amount of G. vaginalis and/or A. vaginae is 
almost equal or exceeds the amount of Lactobacillus spp.), 
BV negative (G. vaginalis and/or A. vaginae are absent or 
its amount is substantially less than the Lactobacillus spp. 
amount), unspecified dysbiosis (amount of Lactobacil-
lus spp. is reduced relative to the total amount of bacteria, 
whereas G. vaginalis and/or A. vaginae are absent or its 
amount is substantially less than total amount of bacteria) 
or suspected dysbiosis (amount of G. vaginalis and/or A. 
vaginae is similar to the amount of Lactobacillus spp. but 
does not exceed the limit value) using the software tool pro-
vided by the kit manufacturer. All swab results other than 
BV negative were classified as a BV positive qPCR result for 
this study [14]. Relevant information about patient charac-
teristics and treatments (such as age, duration of subfertility, 
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antibiotic use) was extracted from the electronic patient 
dossiers. This information was managed using Castor EDC 
(electronic data capture, 2021), a cloud-based clinical data 
management service.

Outcome

The main outcome was the association between a positive 
qPCR result and the vaginal pH value. The secondary out-
comes of interest were the test characteristics of each pH 
value for BV namely, sensitivity, specificity, area under the 
curve (AUC) and diagnostic odds ratio (OR).

Statistical analysis

IBM SPSS statistics for Macintosh, Version 27, released 
2020, was used for all analysis. Continuous parametric 
variables were analysed using an unpaired t test. Con-
tinuous non-parametric variables were analysed using the 
Mann–Whitney U test. Categorical variables were analysed 
using the Chi2 or Fisher’s exact test. To account for the 
repeated measurements per case a general estimating equa-
tions analysis (GEE) was used. ROC curves were made to 
find the cut-off that maximises sensitivity and specificity. 
Contingency tables were used to assess the performance of 
each pH value for predicting BV.

Results

A total of 102 eligible women were included. In total 170 
pH and qPCR swab combinations were available for analy-
sis. Figure 1 shows the included number of combinations 
for each timepoint (IFA and ART treatments). One woman 
contributed five combinations, and four women contributed 
four combinations. All other women contributed three or less 
combinations (data not shown).

The baseline characteristics of women with at least one 
set of pH and BV measurement are shown in Table 1. The 
total number of women is 102 instead of 99 to account for 
three women who had an incomplete measurement set at 

baseline but contributed valid pH swab combinations at fol-
lowing measurements. Only eight patients mentioned mild 
discharge complaints, with no need to treat with antibiotics. 
Most of the population were of Caucasian decent (45% non-
Caucasian) and had a high social economic status (62% of 
total). Most women were expectantly managed or conceived 
spontaneously. Of the 29 women who were expectantly man-
aged, seven switched to IUI after several months. Of the nine 
women receiving ovulation induction, one switched to IUI. 
One woman changed after one IUI procedure to IVF. One 
woman had an escape IUI because of poor response during 
IVF treatment.

In some women, their qPCR results differed over time. 
Seven women who received IVF, and two women who 
received IUI showed a negative qPCR result at baseline but 
became positive during their treatment. In one of them, her 
qPCR result changed to positive at her second IUI attempt, 
after using antibiotics for a urinary tract infection. Two 
women (one IUI, one IVF treatment) changed from posi-
tive, to negative, to positive again.

The main outcomes are shown in Tables 2, 3. Of all 170 
swabs, 125 (74%) were classified as BV negative, 37 as BV 
positive, five as ‘unspecified dysbiotic’ and three as ‘sus-
pected dysbiosis’. Therefore, 45 (26%) were considered a 
positive qPCR result. A significant relationship between pH 
and qPCR outcome was found [p = 0.000, OR 3.06; 95% 
confidence interval (CI) 1.65–5.68] (Table 2).

A pH value ≥ 4.7 was the best predictor for a positive 
qPCR result (OR 7.8; 3.35–18.20, p value < 0.001). The 
cut-off for pH of 4.7 has the highest AUC (AUC 0.74, 
95% CI 0.66–0.83) compared to other cut-off values 
(pH > 4.4, > 5, > 5.3 and higher). The cut-off for pH of 4.7 
has a sensitivity of 76% and specificity of 73% for BV posi-
tive swabs (Table 3). The optimal cut-off value of 4.7 is also 
reflected in the ROC curve analysis (Fig. 2). Performing a 
qPCR-test after a pH value > 4.7 results in the utilisation 
of 60% fewer qPCR’s overall (Table 4). This method could 
reduce the price per correct BV diagnosis from €188.89 
to €100.50 and total costs of this study from €8500.00 to 
€3417.00 (calculations shown in Table 4).

Fig. 1   Flowchart detailing the 
number of pH-PCR combina-
tions per sequential time point
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Discussion

To our knowledge, this is the first study that investigates the 
association between pH and BV as diagnosed by qPCR in an 
asymptomatic subfertile population. Additionally, this study 

explores the utility of pH as a cost-reducing measure in this 
population. The estimated price of €50, per qPCR forms a 
barrier to its clinical adoption despite superior performance 
versus traditional methods, especially given the backdrop 
of rising healthcare costs in the Netherlands. Using a value 

Table 1   Baseline characteristics 
per woman at initial fertility 
assessment

Baseline IFA BV negative BV positive P value

Women (n) 73 26
Age (mean, SD) 34.9 (4.6) 34.0 (4.1) 0.38
pH (median, IQR) 4.4 (4.0–4.9) 5.5 (5.0–5.8) 0.00
BMI (mean, SD) 24.5 (4.3) 25.7 (5.4) 0.30
Discharge complaints, n (%) 5 (7%) 3 (12%) 0.40
Smoking, n (%) 4 (5%) 4 (15%) 0.20
Alcohol, n (%) 18 (25%) 6 (23%) 1.00
Chlamydia antibodies positive n (%) 9 (12%) 3 (12%) 1.00
Ethnicity, n (%) 0.57
 Caucasian 43 (59%) 12 (46%)
 African 2 (3%) 1 (4%)
 Antillean 2 (3%) 2 (8%)
 Asian 6 (8%) 2 (8%)
 Moroccan 4 (6%) 0
 Hindu 6 (8%) 3 (11%)
 Other 8 (11%) 4 (15%)
 Turkish 1 (1%) 0
 Missing data 1 (1%) 2 (8%)

Social economic status, n (%) 0.36
 Low 3 (4%) 3 (11.5%)
 Middle 19 (26%) 5 (19%)
 High 47 (64%) 15 (58%)
 Missing data 4 (6%) 3 (11.5%)

Subfertility duration in years (median, IQR) 1.0 (1.0–2.0) 2.0 (1.0–2.0) 0.19
Gravidity, n (%) 0.73
 0 41 (56%) 17 (65%)
 1 24 (33%) 6 (23%)
 2 7 (10%) 3 (12%)
 5 1 (1%) 0

Cause of subfertility, n (%) 0.16
 Unknown cause 30 (41%) 14 (53%)
 Male subfertility 18 (25%) 2 (8%)
 Endometriosis 9 (12%) 0
 Tubal factor 3 (4%) 3 (12%)
 Hormonal 9 (12%) 5 (19%)
 Other 2 (3%) 1 (4%)
 Missing data/not fully analysed 2 (3%) 1 (4%)

First treatment after IFA 0.23
 Expectant management 22 (30%) 7 (27%)
 Spontaneous pregnancy 9 (12%) 7 (27%)
 IUI 12 (17%) 5 (19%)
 IVF 19 (26%) 3 (12%)
 OI 5 (7%) 4 (15%)
 Unknown/not started yet 6 (8%) 0
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pH ≥ 4.7 as a step-up for qPCR succeeds at lowering total 
study costs by 60%. The cut-off pH ≥ 4.7 was chosen because 
it maximised diagnostic value and is in line with previous 
research on the use of pH as an indicator for BV diagnosed 
using more traditional methods [15, 16].

This study confirms the high prevalence of BV in a multi-
ethnic subfertile population (45% non-Caucasian) with 26% 
of the women testing positive by qPCR. This percentage is 
in accordance with the studies of Haahr et al. and Borgdorff 
et al. These authors report a BV prevalence of 28% and 32% 
in a respectively 10% non-Caucasian and 90% non-Cauca-
sian population [4, 12].

Lifestyle factors such as smoking, diet, vaginal douch-
ing and multiple sexual partners are known to effect BV. 
No information about vaginal douching and multiple sexual 
partners have been gathered in this study [13, 17]. Measured 
factors (smoking, BMI) in this study did not significantly 
alter the association between pH and BV, probably because 
of the small study size. Furthermore, hormonal treatment 
could be of influence on BV status as suggested in a few 
prior studies investigating the microbiome during IVF [19, 

Table 2   Main results, mean pH 
for PCR result

PCR Subset n (%) pH (mean IQR) P value OR (CI)

Total 170 0.000 3.06 (1.65–5.68)
BV negative 125 (74%) 4.4 (4.0–4.7)
BV positive 45 (26%) 5.2 (4.6–5.7)

Positive 37
Dysbiosis 3
Unspecified 5

Table 3   Test results for each pH cut-off point

OR calculated with GEE-analysis
Sensitivity/specificity/AUC only shown for significant values
PPV/NPV/PLR/NLR only shown for best cut-off value

pH cut-off Sensitivity 
(%)

Specificity 
(%)

AUC (CI 95%) OR (CI 95%) P value PPV (%) NPV (%) PLR NLR

pH ≥ 4.4 87 58 0.73 (0.64–0.81) 8.20 (2.69–25.03)  < 0.001
pH ≥ 4.7 76 73 0.74 (0.66–0.83) 7.80 (3.35–18.20)  < 0.001 50 89 1.04 0.90
pH ≥ 5 64 81 0.73 (0.63–0.82) 7.10 (3.21–15.68)  < 0.001
pH ≥ 5.3 51 89 0.70 (0.60–0.80) 7.61 (3.20–18-08)  < 0.001
pH ≥ 5.8 24 95 0.60 (0.50–0.70) 5.55 (2.10–14.69)  < 0.001
pH ≥ 6.1 16 96 0.56 (0.46–0.66) 3.85 (1.28–11.58) 0.016

1 - Specificity
1.00.80.60.40.20.0
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en
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Fig. 2   ROC curve for prediction of BV by pH

Table 4   Contingency table for pH ≥ 4.7

Cost PCR: 170 × €50 = €8500
Cost pH≥4.7 + PCR: (170 × €0.1) + (68 × €50) = €3417
Price per diagnosis using PCR: €8500/45 = €188,89
Price per diagnosis using pH≥4.7 + PCR: €3417/34 = €100,50

PCR positive PCR normal Total

 ≥ 4.7 34 34 68 (40%)
 < 4.7 11 91 102 (60%)
Total 45 125 170
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20]. In this study, nine women became positive during treat-
ment, an interesting finding requiring further investigation.

Unexplained subfertility had a possible association with a 
positive qPCR (p = 0.16), suggesting that BV might be con-
nected to subfertility in this group. Other studies describe 
that BV might be an unrecognised factor behind unexplained 
subfertility, but further research on this topic is necessary 
[7, 21]. If there is a strong association between BV and 
unknown causes of subfertility, treatment of BV in these 
cases could be fundamental and potentially lead to more 
successful outcomes.

A limitation of this study is the sample size, which was 
too small to determine the influence of relevant factors 
such as ethnicity or cause of subfertility on the cut-off pH 
value. More than half of the population was of high social 
economic status, which could indicate self-selection bias. 
A second limitation could be the measurement tool for pH 
only registered values ranging from 4.0 to 7.0. Physiologi-
cal vaginal pH values can go lower than 4.0 and in some 
extreme cases of BV surpass 7.0 [22]. Capping the extreme 
pH values leads to an underestimation of the association 
between pH and BV. Thirdly, measurement errors might be 
introduced due to a degree of subjectivity in the visual col-
our coding of the pH strips.

The utility of these findings to the clinical practice is 
not yet fully known. Trials should further investigate the 
possible causal link between BV and fertility outcomes and 
whether treatment of BV leads to better fertility outcomes. 
The results of a prospective cohort study about the influ-
ence of BV in a general subfertility population (undergoing 
ART treatment) of this study group are soon to be expected. 
Another component of uncertainty is the absence of effective 
methods for the treatment of BV and a lack of knowledge 
about whether treatment leads to improved live birth rates. 
New treatment options for BV need to be investigated as 
well, such as novel anti-microbial agents, concomitant use 
of vaginal acidification and the use of probiotics or vaginal 
flora transplantation.

If treatment of BV will improve fertility outcomes, pH 
and qPCR testing will become a standard part of the ini-
tial fertility assessment. At this point, commercial BV or 
microbiome testing is already a daily practice in some fertil-
ity clinics, at high costs. If more evidence underwrites this 
association, the investment of a qPCR is small relative to the 
total cost of a failed IVF treatment. Nevertheless, pH could 
be used as a step up for qPCR to reduce costs even further or 
as a screening method in the initial fertility assessment. This 
study details a simple method in which the diagnostic power 
provided by qPCR can be leveraged at a 60% reduced cost, 
potentially removing some future hurdles for the implemen-
tation of qPCR in the daily fertility practice [17].

Conclusion

This study shows that the vaginal pH for a multi-ethnic, 
asymptomatic population of women attending fertility 
clinics is strongly associated with BV qPCR outcome. 
Using the pH cut-off point of 4.7 has a high sensitivity for 
the diagnosis of BV and can be achieved at a cost reduc-
tion of 60%.
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