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Abstract 

Background Bacterial vaginosis is a common and distressing condition for women. Short‑term antibiotic treatment 
is usually clinically effective, but recurrence is common. We assessed the effectiveness of intravaginal lactic acid gel 
versus oral metronidazole for treating recurrent bacterial vaginosis.

Methods We undertook an open‑label, multicentre, parallel group, randomised controlled trial in nineteen UK sexual 
health clinics and a university health centre. Women aged ≥ 16 years, with current bacterial vaginosis symptoms and 
a preceding history of bacterial vaginosis, were randomised in a 1:1 ratio using a web‑based minimisation algorithm, 
to 400 mg twice daily oral metronidazole tablets or 5 ml once daily intravaginal lactic acid gel, for 7 days. Masking of 
participants was not possible. The primary outcome was participant‑reported resolution of symptoms within 2 weeks. 
Secondary outcomes included time to first recurrence of symptoms, number of recurrences and repeat treatments 
over 6 months and side effects.

Results Five hundred and eighteen participants were randomised before the trial was advised to stop recruiting by 
the Data Monitoring Committee. Primary outcome data were available for 79% (204/259) allocated to metronida‑
zole and 79% (205/259) allocated to lactic acid gel. Resolution of bacterial vaginosis symptoms within 2 weeks was 
reported in 70% (143/204) receiving metronidazole versus 47% (97/205) receiving lactic acid gel (adjusted risk differ‑
ence ‑23·2%; 95% confidence interval ‑32.3 to ‑14·0%). In those participants who had initial resolution and for whom 
6 month data were available, 51 of 72 (71%) women in the metronidazole group and 32 of 46 women (70%) in the lac‑
tic acid gel group had recurrence of symptoms, with median times to first recurrence of 92 and 126 days, respectively. 
Reported side effects were more common following metronidazole than lactic acid gel (nausea 32% vs. 8%; taste 
changes 18% vs. 1%; diarrhoea 20% vs. 6%, respectively).

Conclusions Metronidazole was more effective than lactic acid gel for short‑term resolution of bacterial vaginosis 
symptoms, but recurrence is common following both treatments. Lactic acid gel was associated with fewer reported 
side effects.
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Trial registration ISRCT N1416 1293, prospectively registered on  18th September 2017.
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Background
Bacterial vaginosis affects 23–50% of women [1–3] and is 
characterised by a disruption in the vaginal microbiome 
associated with an offensive smelling vaginal discharge, 
leading to significant psychological distress and a reduc-
tion in quality of life [4]. It is associated with an increased 
risk of pelvic inflammatory disease, sexually transmitted 
infections (STIs), late miscarriage, and preterm birth [1, 
2].

Current guidelines recommend the use of antibiotics, 
most commonly metronidazole, as first line treatment [1, 
2, 5]. In those with frequent recurrences, short courses 
of antibiotics to treat each symptomatic episode are sug-
gested, or regular antibiotic therapy over several weeks 
or months is used as prophylaxis. Antibiotic treatment 
leads to cure within 2–4 weeks in 51–82% of patients but 
recurrence is common, affecting 69–80% of women over 
the next 12  months [6]. The cause of treatment failure 
and relapse is not known but may be due to antimicrobial 
resistance, failure to re-establish the normal vaginal flora 
[7], development of a treatment resistant bacterial bio-
film on the vaginal mucosa [8] and/or reinfection from 
a sexual partner [9]. Metronidazole treatment is asso-
ciated with side effects [10] which can limit acceptabil-
ity and adherence. Patients also dislike taking multiple 
courses of antibiotics and are concerned that they may 
acquire resistant bacteria [11]. Preventing and reducing 
antimicrobial resistance is also a public health priority 
through improving antibiotic stewardship including a 
reduction in antibiotic use [12]. The limited efficacy of 
current treatment for bacterial vaginosis [13] and a need 
to reduce antibiotic exposure highlight the need for alter-
native therapies. Different treatment options which have 
been explored include high dose metronidazole [14], 
antibiotic combination therapy [15], extended release 
clindamycin [16], agents to disrupt the bacterial biofilm 
[17], and probiotics [18]. At best these have provided a 
modest improvement in efficacy compared to standard 
treatment [13] and are not currently included in treat-
ment guideline recommendations.

Lactobacilli dominate the normal vaginal flora and pro-
duce lactic acid which lowers vaginal pH inhibiting the 
growth of other bacterial species. Bacterial vaginosis is 
associated with a rise in vaginal pH and overgrowth of 
mostly anaerobic bacteria [1]. Intravaginal lactic acid 
gel can potentially be used to reduce the pH, ‘normalise’ 
vaginal acidity and inhibit bacterial overgrowth [19] Two 
recent systematic reviews have highlighted the lack of 

existing high quality evidence to inform the use of lactic 
acid gel and a need for appropriate rigorous randomised 
trials [20, 21].

Methods
Study aims and design
The metronidazole Versus lactic acId for Treating bacte-
rial vAginosis (VITA) open-label, multicentre, parallel 
group, randomised controlled trial aimed to assess the 
effectiveness and acceptability of intravaginal lactic acid 
gel compared with oral metronidazole for women with 
recurrent bacterial vaginosis. The protocol has been pre-
viously published [22].

Study setting and participants
Women aged ≥ 16 years with a clinical diagnosis of bac-
terial vaginosis based on patient reported symptoms 
(vaginal discharge with an offensive odour) and a his-
tory of similar symptoms on ≥ 1 occasion(s) within the 
past 2  years which had responded to treatment, were 
recruited from 19 UK sexual health centres and a uni-
versity general practice health centre [22]. Microscopy 
confirmation of bacterial vaginosis was not required for 
recruitment, but local laboratory microscopy findings 
were recorded if undertaken as part of routine care and 
central laboratory microscopy assessment for bacterial 
vaginosis was also performed for all participants. Partici-
pants agreed to avoid vaginal douching and sexual inter-
course (or use effective contraception) during treatment, 
and provide written informed consent. Exclusion crite-
ria were contra-indications to either study treatment; 
pregnancy, breastfeeding or trying to conceive; use of 
other antibiotics or antifungal agents within the previ-
ous 2 weeks or planned use within 2 weeks; use of topi-
cal vaginal antibiotics, antifungals or acidifying products 
recently or planned within 2  weeks; previous participa-
tion in this trial; or concurrent participation in another 
trial involving an investigational medicinal product.

Randomisation and masking
Delegated personnel in sites randomised participants 
1:1 to lactic acid gel or metronidazole using a dedicated 
website maintained by Nottingham Clinical Trials Unit. 
Minimisation factors included: site, type of site (general 
practice, sexual health clinic), number of episodes of bac-
terial vaginosis in the previous 12  months (0, 1–3, > 3), 
and history of a female sexual partner in the previous 
12 months (yes/no).

https://doi.org/10.1186/ISRCTN14161293
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Study treatment was provided from standard clinic 
stock or via a routine prescription. Any licensed brand 
of metronidazole or lactic acid gel could be used and was 
determined by local practice or availability. Participants 
took metronidazole tablets 400 mg orally twice daily for 
7  days, or inserted 5  ml of 4.5% lactic acid gel into the 
vagina before bedtime each day for 7  days. Participants 
were advised to start treatment on the day of receipt. If 
they were menstruating, those assigned lactic acid gel 
were advised to delay starting treatment until menstrua-
tion had finished. Due to the different routes of admin-
istration, it was not possible to blind participants and 
clinicians to the randomised allocation. However, the 
trial team excluding members of the data management/
IT team remained blinded to treatment allocation until 
the database was locked for the final analysis.

Outcome measures
As we are not aware of any core outcome sets for bac-
terial vaginosis, the primary outcome measure, collected 
via web-based questionnaire, was participant reported 
resolution of bacterial vaginosis symptoms by 2  weeks 
after randomisation. This reflects clinical practice where 
diagnosis and management is often based on history 
and examination. Microbiological resolution of bacte-
rial vaginosis was also evaluated as a secondary endpoint 
at 2 weeks but not at the follow up assessments at 3 or 
6  months. The following secondary outcomes were also 
captured using web based questionnaires at 2  weeks, 
3 months and 6 months: adherence to treatment (2 weeks 
only), time to reported resolution of bacterial vaginosis 
symptoms, number of reported bacterial vaginosis epi-
sodes and treatment courses and time to first recurrence 
of symptoms.

Those not providing Week 2 and 6-month question-
naire data were contacted by phone to collect the pri-
mary outcome and details of symptom recurrence.

At baseline and Week 2, participants provided self-
taken vaginal samples for microbiological assessment of 
bacterial vaginosis (microscopy of a gram stained vaginal 
smear using the Ison-Hay scoring system [23]) and STI 
screening (nucleic acid amplification tests for chlamydia, 
gonorrhoea and trichomoniasis) which were posted to a 
central laboratory. The secondary outcome of microbio-
logical resolution was defined as having Ison-Hay grade 
3 at baseline followed by Ison-Hay grade 0, 1, 2 or U at 
Week 2 based on the central laboratory findings. The 
prevalence of concurrent STIs at baseline and Week 2 
were determined.

Additional results for the secondary outcomes of qual-
ity of life, tolerability, acceptability of treatment, health-
care resource usage and cost-effectiveness are reported 

elsewhere [24]. Serious adverse events were recorded if 
reported by participants.

Statistical analysis
Assuming that 80% of participants receiving metronida-
zole would achieve symptom resolution [25], 1710 par-
ticipants (855 in each treatment group) were required 
to detect a 6% increase in response rate to 86% in those 
receiving lactic acid gel at the 5% significance level 
(2-sided) with 90% power. To allow for loss to follow-up 
of 10%, it was planned to randomise 1900 participants. 
No interim analyses were planned therefore no adjust-
ment to the significance level was required.

All analyses were performed using Stata® SE 15.1 
(StataCorp LP, College Station, TX, USA) according to 
the Statistical Analysis Plan (SAP) which was finalised 
without knowledge of treatment allocation and prior to 
database lock.

The primary approach to between-group comparative 
analysis included all participants who were randomised 
and analysed according to randomised treatment group 
without imputation of missing outcome data. Pre-spec-
ified sensitivity analyses of the primary outcome were 
conducted to investigate the impact of missing data, 
additional baseline variables and adherence to allocated 
treatment.

Evaluation of the primary outcome planned to use 
a mixed-effects model for binary outcome including 
minimisation factors and whether the participant had 
performed vaginal douching in the 3  months prior to 
randomisation. However, due to model non-convergence, 
a generalised estimating equation for binary outcomes 
was applied including minimisation factors (exclud-
ing type of site since only one general practice recruited 
participants), and site as a panel variable and excluding 
whether the participant had performed vaginal douching. 
The adjusted odds ratio was presented in addition to the 
planned adjusted risk difference and adjusted risk ratio to 
allow for consistency in presentation with the sensitivity 
analyses which used a random effects logit model instead 
of the planned mixed-effects model, due to non-conver-
gence issues. These changes to the proposed models were 
documented in the SAP.

Most secondary outcomes were analysed using appro-
priate regression models including minimisation fac-
tors (except site type) and outcome baseline value where 
measured. Side effect data were summarised using counts 
and proportions, according to the treatment the partici-
pant actually received, irrespective of allocation.

Pre-planned exploratory sub-group analyses were con-
ducted to investigate whether there was an interaction 
affecting the primary outcome between treatment group 
and whether bacterial vaginosis had been confirmed by 
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positive microscopy at baseline, presence of a concomi-
tant STI, number of episodes of bacterial vaginosis in the 
12 months before randomisation and total time with bac-
terial vaginosis in the 12  months before randomisation. 
These latter two sub-groups were inadvertently not stated 
in the published protocol but were included in the SAP.

The study and its reporting adhered to all CONSORT 
guidelines.

Results
Recruitment occurred between  31st October 2017 and  28th 
June 2019 when the trial was closed to recruitment based 
on a recommendation from the Data Monitoring Com-
mittee that that the primary research question had been 
answered. There were no concerns around safety of the 
drugs or wellbeing of the participants. Follow-up of ongo-
ing participants continued for 6  months (completed  26th 
February 2020).

In total, 518 women were randomised (259 to metroni-
dazole and 259 to lactic acid gel; Fig. 1). Baseline charac-
teristics were similar between the two treatment groups 
(Table  1) with 198 (38%) participants having experi-
enced > 3 episodes of bacterial vaginosis in the previous 
12 months. Bacterial vaginosis was confirmed via micros-
copy of vaginal smears at baseline in 436 (84%) participants 
by local laboratories and in 266 (51%) by the central labo-
ratory. Participant reported adherence to study treatment 
was high (Table 2).

Overall, 409/518 (79%; 204 allocated to metronidazole 
and 205 allocated to lactic acid gel) participants provided 
primary outcome data. More participants reported resolu-
tion of bacterial vaginosis symptoms at Week 2 in the met-
ronidazole group (143/204; 70%) compared with the lactic 
acid gel group (97/205; 47%). The adjusted risk difference 
was -23.2% (95% CI -32.3 to -14.0%), see Table 3. Sensitivity 
analyses supported these findings (Figure S1).

No treatment sub-group interactions were evident. There 
were too few participants with a STI at baseline to formally 
investigate differences (0 participants with gonorrhoea, 
10 with chlamydia, and five with trichomoniasis). In each 
of the other pre-planned sub-group analyses, resolution 
rates were consistently higher in the metronidazole group 
compared to the lactic acid gel group (Table S1). Few par-
ticipants took additional treatment within 2 weeks (22/154 
and 20/158 of those with both resolution and additional 
treatment data in the metronidazole and lactic acid gel 

groups respectively) and resolution of symptoms in either 
group was similar in those who did and did not take addi-
tional medication (unadjusted risk difference -19.5% [95% 
CI -49.0 to 10.0%] versus -19.6% [95% CI -31.1 to -8.1%]).

Of those who reported symptom resolution of bacterial 
vaginosis symptoms, the median time to resolution was 
7  days in the metronidazole group (n = 152; Q1, Q3 = 5, 
14) and 8.5 days in the lactic acid gel group (n = 116; Q1, 
Q3 = 4, 14).

Subsequent data on recurrence was available for around 
half of those with initial symptom resolution by Week 2. 
Of these, 37/73 (51%) in the metronidazole group and 
23/50 (46%) in the lactic acid gel group reported recur-
rence by 3  months, while 51/72 (71%) and 32/46 (70%) 
reported recurrence by 6  months respectively (Table S2 
and Figure S2). The participants who provided recur-
rence data were similar to those who did not with respect 
to baseline characteristics (data not reported).

The number of participants whose symptoms had 
resolved by Week 2 and who provided data on the num-
ber of subsequent bacterial vaginosis episodes at 3 and 
6 months was small (48 in the metronidazole group and 
29 in the lactic acid gel group). There was little difference 
between treatment groups, with a median of one episode 
over the 6-month period (Q1, Q3 = 0, 3 in the metronida-
zole group and 0, 2 in the lactic acid gel group; adjusted 
incidence rate ratio was 0.97 [95% CI 0.56 to 1.69]). A 
post hoc investigation looked at the number of partici-
pants whose symptoms resolved at Week 2 and remained 
so for 6 months compared with those who either did not 
resolve or who developed symptoms within the 6 months 
following treatment. In total, 21/91 (23%) participants in 
the metronidazole group and 14/88 (16%) in the lactic 
acid gel group had symptom resolution which lasted for 
6 months.

The median number of bacterial vaginosis treatment 
courses received between Week 2 and 6 months was sim-
ilar between the treatment groups (1 [Q1, Q3 = 0, 3] in 
the metronidazole group, 1 [Q1, Q3 = 0, 2] in the lactic 
acid gel group), adjusted incidence rate was 1.03 (95% CI 
0.53 to 2.01). The most common additional treatments 
taken for bacterial vaginosis were oral metronidazole and 
lactic acid gel. Metronidazole vaginal gel and clindamy-
cin cream were used less frequently.

From the central laboratory analysis of samples, 138 
(metronidazole group) and 128 (lactic acid gel group) 

Fig. 1 Flowchart of the VITA trial. a Prescribed lactic acid gel as refused allocated study treatment.b Ineligible as taking warfarin, prescribed lactic 
acid gel instead.c No study treatment given as participant received medication to treat thrush.d Preferred metronidazole after being randomised 
to lactic acid gel.e Included as one of the two withdrawn before Week 2 in the next box down.f Includes outcomes obtained from Week 2 
questionnaire where a date of resolution was given without an answer to the ‘Have your bacterial vaginosis symptoms cleared’ question, and 
primary outcome collected by phone. Also includes outcomes obtained from 3 month questionnaire asking about resolution by Week 2.g At least 
one data item entered on questionnaire. h At least one data item entered on questionnaire or obtained by telephone

(See figure on next page.)
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Fig. 1 (See legend on previous page.)
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Table 1 Baseline characteristics

IQR interquartile range

All data are n (%) or median [IQR]
a Missing data for one participant randomised to Intravaginal lactic acid gel
b Missing data for one participant randomised to Intravaginal lactic acid gel and one participant randomised to oral metroidazole
c Grades 0, 1, 2 and U = negative for bacterial vaginosis, grade 3 = positive for bacterial vaginosis

Characteristic Oral metronidazole (n = 259) Intravaginal lactic acid gel (n = 259) Total (n = 518)

Age at randomisation (years)

 Median [IQR] 27 [23–34] 27 [23–34] 27 [23–34]

Ethnicitya

 White 125 (48%) 126 (49%) 251 (48%)

 Black Caribbean 62 (24%) 57 (22%) 119 (23%)

 Mixed Race 24 (9%) 27 (10%) 51 (10%)

 Black African 26 (10%) 15 (6%) 41 (8%)

 Indian, Pakistani or Bangladeshi 7 (3%) 9 (3%) 16 (3%)

 Other 15 (6%) 25 (10%) 40 (8%)

Vaginal douching in the past 3 monthsa

 Yes 36 (14%) 25 (10%) 61 (12%)

 No 223 (86%) 233 (90%) 456 (88%)

Frequency of douching per month

 0–2 9 (25%) 6 (24%) 15 (25%)

 3–4 9 (25%) 5 (20%) 14 (23%)

 5–6 1 (3%) 3 (12%) 4 (7%)

 ≥ 7 17 (47%) 11 (44%) 28 (46%)

Current use of oral contraceptive pilla

 Combined oral contraceptive pill 27 (10%) 30 (12%) 57 (11%)

 Progesterone only pill 18 (7%) 14 (5%) 32 (6%)

 Contraceptive pill not currently used 214 (83%) 214 (83%) 428 (83%)

Past history of bacterial vaginosis

 Approximate age when bacterial vaginosis first occurred (years)b

  Median [IQR] 22 [18–27] 22 [19–27] 22 [19–27]

  Min, max 14, 58 11, 50 11, 58

 Number of previous episodes of bacterial vaginosis in the past 12 months

  0 3 (1%) 3 (1%) 6 (1%)

  1–3 157 (61%) 157 (61%) 314 (61%)

  > 3 99 (38%) 99 (38%) 198 (38%)

 Approximate total length of time in past year with bacterial vaginosis symptomsa

  < 2 weeks 56 (22%) 40 (15%) 96 (19%)

  ≥ 2 weeks and < 3 months 135 (52%) 130 (50%) 265 (51%)

  ≥ 3 months 68 (26%) 88 (34%) 156 (30%)

  Missing 0 1 (< 0.5%) 1 (< 0.5%)

 Bacterial vaginosis confirmed at baseline visit (local laboratory)a

  Yes 217 (84%) 219 (85%) 436 (84%)

  No 31 (12%) 29 (11%) 60 (12%)

  Not tested 11 (4%) 10 (4%) 21 (4%)

 Baseline sample Ison-Hay grade for bacterial vaginosis (central lab)c

  0 (no bacteria) 1 (< 0.5%) 1 (< 0.5%) 2 (< 0.5%)

  1 (normal flora) 48 (19%) 62 (24%) 110 (21%)

  2 (intermediate bacterial vaginosis) 62 (24%) 61 (24%) 123 (24%)

  3 (confirmed bacterial vaginosis) 138 (53%) 128 (49%) 266 (51%)

  U (Gram positive cocci) 3 (1%) 1 (< 0.5%) 4 (1%)

  Missing 7 (3%) 6 (2%) 13 (3%)
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participants had bacterial vaginosis confirmed on 
microscopy at baseline, and of those 77 (56%) and 73 
(57%) respectively also had a microscopy sample avail-
able at Week 2. Microbiological resolution at Week 2 

in those with bacterial vaginosis confirmed via micros-
copy at baseline was higher in the metronidazole group 
(59/77 participants; 77%) than in the lactic acid gel 
group (31/73 participants; 42%), adjusted risk differ-
ence was -34.3% (95% CI -49.1 to -19.5%).

Table 2 Summary of adherence to and use of study treatment (participant reported)

IQR interquartile range, SD standard deviation

All data are n (%), mean [SD] or median [IQR]
a As reported by the participant. Response was not changed even if contradicted by other data
b Reasons (mutually exclusive) are included even when the participant reported completing the course (8 in the metronidazole group, 2 in the lactic acid gel group). 
Four in the lactic acid gel group reported not completing the course but did not confirm one of the 4 available options
c Other reasons are given including some for which the ‘other’ reason was not given as ‘yes’. These were: misplaced treatment, started treatment late due to social 
engagements, misunderstood how to take treatment, was not prescribed study treatment, unknown in the metronidazole group; period started during treatment 
(five participants), vaginal itching and bleeding, lower abdominal pain in the lactic acid group
d Treatment start dates recorded by the participant as being before randomisation dates are assumed to be incorrect and are substituted by the randomisation date: 7 
participants in the metronidazole group and 4 participants in the lactic acid gel group gave a treatment start date before the randomisation date. One start date was 
the same as the Week 2 questionnaire date although they indicated taking all doses

Participant reported adherence Oral metronidazole (n = 259) Intravaginal lactic acid gel 
(n = 259)

Overall (n = 518)

Number returning questionnaire 157 161 318
Participant took/used any of randomised treatment
 Yes 156 (99%) 160 (99%) 316 (99%)

 No 1 (1%) 1 (1%) 2 (1%)

Course of study treatment completeda

 Yes 144 (92%) 147 (91%) 291 (92%)

 No 13 (8%) 14 (9%) 27 (8%)

Percentage of treatment course received
 Mean [SD] 94% [18.4%] 95% [12.9%] 95% [15.8%]

 Median [IQR] 100% [100%—100%] 100% [100%—100%] 100% [100%—100%]

Participants receiving at least 85% of treat-
ment course

146 (93%) 148 (92%) 294 (92%)

Reason if treatment course not completedb

 Accidentally missed 10 (48%) 7 (58%) 17 (52%)

 Did not like using/taking it 1 (5%) 1 (8%) 2 (6%)

 Side‑effects of treatment 4 (19%) 0 4 (12%)

  Otherc 6 (29%) 4 (33%) 10 (30%)

Ease of taking study treatment
 Very easy 63 (40%) 81 (50%) 144 (45%)

 Easy 50 (32%) 61 (38%) 111 (35%)

 Neither easy not difficult 35 (22%) 16 (10%) 51 (16%)

 Difficult 7 (4%) 2 (1%) 9 (3%)

 Very difficult 1 (1%) 0 1 (< 0.5%)

 Missing 1 (1%) 1 (1%) 2 (1%)

Time from randomisation to treatment start (days)d

 Median [IQR] 0 [0—1] 0 [0—1] 0 [0—1]

 Min, max 0, 26 0, 17 0, 26

 n 156 156 312

Brand of lactic acid gel used
 Balance Activ® (lactic acid 4.5%) N/A 67 (42%)

 Relactagel® (lactic acid 4.5%) N/A 90 (56%)

 Brand unknown N/A 1 (1%)

 Missing N/A 3 (2%)
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There was a higher reported incidence of side effects 
in the metronidazole group compared to the lactic acid 
gel group, particularly of nausea (50/156 [32%] vs. 13/161 
[8%]), taste changes (28/256 [18%] vs. 2/161 [1%]) and 
diarrhoea (31/156 [20%] vs. 9/161 [6%]) (Table S3). No 
serious adverse events were reported.

Discussion
Main findings
In women with recurrent bacterial vaginosis, 70% had 
resolution of their symptoms two weeks after treatment 
with metronidazole compared to 47% for those receiv-
ing lactic acid gel. Recurrence of bacterial vaginosis 
within 6 months, in the sub-set of those who had initial 
resolution, was frequent and similar after both treat-
ments. Side effects were more common following metro-
nidazole compared to lactic acid gel. Treatment success 
over 6  months was poor in both groups with only 23% 
of those receiving metronidazole and 16% of those using 
lactic acid gel having symptom resolution with no sub-
sequent recurrences following treatment, although these 
estimates are based on less than half of the original trial 
population.

Our previously published qualitative study under-
taken in a sub-set of 33 VITA trial participants [11] 
indicates that women dislike taking repeat courses of 
metronidazole to treat bacterial vaginosis and many 
prefer lactic acid gel, despite perceiving it to be less 
effective. This preference was based on a desire to apply 
treatment directly to the site of symptoms, the gel hav-
ing an immediate soothing effect, concerns that fre-
quent use of antibiotics would lead to resistance and 
the ready availability of lactic acid gel without requiring 
a medical consultation or prescription. The perceived 
greater efficacy and convenience of taking tablets com-
pared to intravaginal therapy were benefits of metro-
nidazole. Participants’ preferences for treatment were 
thus not based solely on short-term effectiveness but 

also related to ease of use, side effects and the possible 
long-term consequences of treatment.

Rates of adherence to metronidazole in the treatment 
of bacterial vaginosis have been reported to be 50–68% 
[26], but in our clinical trial setting reported adherence 
was high with participants reporting that both treat-
ments were easy to take.

Entry into the VITA trial and assessment of treat-
ment response were based on the presence or absence 
of self-reported bacterial vaginosis symptoms. An 
additional pre-planned analysis was performed on a 
sub-set of participants who had positive microscopic 
confirmation of bacterial vaginosis at baseline and 
further microscopy results available at Week 2. This 
showed a similar response rate to that seen in the pri-
mary analysis with microbiological resolution in 77% 
of participants receiving metronidazole versus 42% for 
lactic acid gel (compared to 70% and 47% respectively 
in those diagnosed with bacterial vaginosis based on 
symptoms). It is therefore possible that metronidazole 
has a greater effect on the vaginal microbiome (assessed 
on microscopy) than is suggested by our primary end-
point measure of symptom resolution. However, the 
clinical importance of microbiological resolution of 
bacterial vaginosis (compared to clinical symptom 
resolution) is uncertain because following a clini-
cal response in either treatment group, no differences 
were detected in the frequency or timing of bacterial 
vaginosis recurrences over the next 6 months. Caution 
is, however, required in interpreting the limited data 
which were available over the full 6-month follow-up 
period since less than 40% of participants returned data 
for all three time-points.

We chose resolution of bacterial vaginosis symp-
toms as the primary outcome to maximise the trial’s 
relevance to patients and to reflect clinical practice 
where, in many settings, microscopy is not available, 
and clinical diagnosis and management is based on his-
tory and examination. Also, microbiological evidence 

Table 3 Participant reported resolution of bacterial vaginosis at Week 2 – between group  comparisona

CI confidence interval

All data are n (%) unless otherwise indicated
a Difference is lactic acid minus metronidazole, and ratios are lactic acid/metronidazole
b Adjusted for: site, number of bacterial vaginosis episodes in 12 months before baseline (0, 1–3, > 3), female partner in 12 months before baseline (yes/no). Vaginal 
douching was not included as a covariate as it was omitted from the output due to a dependency between the independent variables

Resolution of bacterial 
vaginosis at Week 2

Oral 
metronidazole 
(n = 259)

Intravaginal lactic 
acid gel (n = 259)

Adjusted risk 
differencea (95% CI)

Adjusted risk 
ratiob (95% CI)

Adjusted odds ratiob

(95% CI)

Yes 143 (70%) 97 (47%) ‑23.2% (‑32.3, ‑14.0)% 0.67 (0.57, 0.79) 0.38 (0.25, 0.57)

No 61 (30%) 108 (53%)

Missing 55 54
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of bacterial vaginosis can be present without symptoms 
[27] and cyclical changes in the vaginal flora (including 
bacterial vaginosis type flora) occur in the absence of 
treatment [28] which can make interpretation of micro-
biological cure difficult. Microscopy evaluated resolu-
tion of bacterial vaginosis at Week 2 was included as a 
secondary outcome in the trial and was based on the 
Ison and Hay criteria recommended in the UK National 
Guideline for the Management of Bacterial Vaginosis 
[1].  Diagnosis using Ison and Hay criteria correlates 
closely with the two other commonly used approaches 
to microbiologic bacterial vaginosis diagnosis, Amsel’s 
criteria [23] and Nugent’s score [29].

From a patient perspective, the symptoms of discharge 
and malodour are the main cause of physical and emo-
tional distress associated with bacterial vaginosis, and 
have an impact on self-esteem and relationships, and 
restrict sexual activity [4, 11]. Our choice of primary 
endpoint and findings are therefore of direct relevance 
to patients and those providing treatment for bacterial 
vaginosis.

Individuals with frequently recurrent bacterial vagino-
sis respond less well to treatment [14]. However, the fre-
quency of prior bacterial vaginosis in the VITA trial did 
not predict symptom resolution differently between the 
two treatment groups. In those successfully treated with 
either metronidazole or lactic acid gel the same propor-
tion (around a third) reported having had bacterial vagi-
nosis on more than three occasions in the past year.

Strengths and limitations
VITA was a large trial which included an ethnically 
diverse patient population. The trial was pragmatic and 
reflected common clinical practice ensuring that our 
results are likely to be widely applicable.

We recognise several potential limitations. It was not 
possible to blind participants or clinicians to the treat-
ment allocation which raises the possibility of report-
ing bias. However, we think bias is unlikely because a 
pre-planned secondary analysis of outcomes based on 
microscopy findings (performed by technicians who were 
blind to treatment allocation) showed a similar, if slightly 
larger, difference in treatment efficacy compared to the 
primary analysis of participant reported symptoms.

The self-reporting of patient symptoms may have 
overestimated the number of women with bacterial 
vaginosis and this may have occurred more commonly 
in those women in the metronidazole arm who were at 
greater risk of developing thrush type symptoms. How-
ever, microbiological confirmation of bacterial vaginosis 
at baseline occurred in 84% of participants according 
to local laboratory analysis (which would apply in rou-
tine practice) and 51% in a central laboratory analysis 

suggesting that our findings remain clinically relevant. 
It is likely that women with microbiological evidence of 
bacterial vaginosis in the absence of symptoms are at 
increased risk of pelvic inflammatory disease and adverse 
pregnancy outcomes but it is not known whether treating 
bacterial vaginosis in this scenario can improve outcomes 
and further clinical trials are required to address this.

We allowed use of any lactic acid gel dispensed in 5 ml 
applicators, with the decision regarding the actual brand 
delegated to the investigator. Participants reported use of 
just two brands, which both contained 4.5% lactic acid 
balanced to ph3.8 and the same excipients which were 
both commercially available. It is therefore highly likely 
that the effectiveness of these products were similar. The-
oretically the effectiveness could differ if factors such as 
the lactic acid isomer ratio [30] or osmolality [31] varied 
between brands, but these are unknown and a specific 
randomised trial would be needed to investigate this.

The loss to follow-up rate for collection of the pri-
mary endpoint was 21% compared to a predicted rate 
of 10% [22]. Sensitivity analyses were performed includ-
ing assumptions that participants in both groups with 
missing data had symptom resolution, or that they did 
not have symptom resolution. In both scenarios the 
adjusted risk difference was similar (-18% compared to 
the primary analysis risk difference of -23%). However, 
it remains possible that the reasons for loss to follow up 
could have differed between the two treatment groups.

Comparison to other studies
Four previous randomised controlled trials have evalu-
ated lactic acid gel for the treatment of bacterial vagino-
sis with cure reported in 23–100% of women [32–35]. 
These studies were small (n = 31 to n = 125) and had a sig-
nificant risk of bias [20]. Consistent with our results, two 
studies found lactic acid to be inferior to metronidazole, 
although one study suggested equivalency. Differences in 
lactic acid gel formulation, bacterial vaginosis diagnostic 
criteria and timing of assessments were not consistent 
between studies and may partially explain the observed 
differences in reported efficacy.

Interpretation
The VITA trial provides robust measures of treatment 
response and side effects for metronidazole and lactic 
acid gel 2  weeks after treatment with additional, more 
limited, data over a 6-month time period. In the absence 
of an effective long-term treatment for recurrent bac-
terial vaginosis, these findings will help women with 
bacterial vaginosis and their clinicians make informed 
decisions about therapy, taking account of women’s indi-
vidual preferences.
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The VITA trial indicates that there is a higher initial 
clinical response to metronidazole than lactic acid gel 
but that recurrence of bacterial vaginosis following either 
treatment is common. For some women, oral metroni-
dazole may be favoured because of its higher short-term 
efficacy. However, others may prefer intravaginal lactic 
acid gel if ease of use, avoiding antibiotic side effects and 
resistance, or access to treatment without medical pre-
scription are of greater importance.

Conclusion
Oral metronidazole has greater short-term efficacy in the 
treatment of recurrent bacterial vaginosis than intravagi-
nal lactic acid gel, however women’s preference for ther-
apy is influenced not just by efficacy but also by ease of 
use and a desire to avoid antibiotics if possible. Current 
treatments for recurrent bacterial vaginosis have lim-
ited efficacy and further research into pathogenesis and 
management, preferably limiting the use of antibiotics, is 
required.

Abbreviations
NCTU   Nottingham Clinical Trials Unit
Q1  25Th centile
Q3  75Th centile
SAP  Statistical Analysis Plan
STI  Sexually transmitted infection
UK  United Kingdom
VITA  Metronidazole Versus lactic acid for Treating bacterial vAginosis

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12905‑ 023‑ 02303‑5.

Additional file 1: Figure S1. Forest plot for primary outcome and sensi‑
tivity analyses.

Additional file 2: Figure S2. Kaplan Meier plot for recurrence of bacterial 
vaginosis symptoms against time.

Additional file 3: Table S1. Participant reported resolution of bacte‑
rial vaginosis symptoms at Week 2 – between‑group comparison by 
sub‑group.

Additional file 4: Table S2. Time to first recurrence of bacterial vaginosis‑
for those whose symptoms resolved within 2 weeks.

Additional file 5: Table S3. Summary of side effects reported on Week 2 
questionnaire.

Acknowledgements
The authors would like to thank all the women who participated in this trial, 
along with the clinical and research staff at the sites. The authors also thank 
the independent Trial Steering Committee members (Prof Jackie Cassell, Dr 
Andrew Winter, Dr Gary Brook and Miss Jo Josh) and the independent Data 
Monitoring Committee (Prof Chris Butler, Dr Phillip Hay and Prof Siobhan 
Creanor) for overseeing the trial.

Patient and Public Involvement
Patient and Public Involvement (PPI) representatives provided input to the 
trial design including feedback on the importance of the research question, 
the effect size used in the power calculation and ideas on how to make 

participation in the trial appealing to potential recruits, and requested addi‑
tion of the secondary outcome of time to recurrence of symptoms. They also 
reviewed all participant‑facing documents prior to the ethics submission. PPI 
representatives sat on the Trial Steering Committee as independent members 
and contributed to oversight of the trial including review and interpretation 
of the results.

Authors’ contributions
JDCR was responsible for identifying the research question. JCDR, LJ, FG, TH 
and AAM contributed to the study design. JDCR, CB, JK, MD, FG, LJ, TH, AAM, 
and GD developed the protocol. JCDR, LAB, CB, AM, MO, TH, JD and AAM con‑
tributed to the co‑ordination, management, and delivery of the trial. JAW and 
FG designed, analysed and reported the qualitative component of the trial. LR 
and ZA designed, analysed and reported the health economics component 
of the trial. MO and TH analysed the clinical component of the trial. JDCR, MO, 
TH, AAM, and JD interpreted the clinical results. JDCR, LAB and TH drafted and 
revised the manuscript. JDCR, LAB, CB, JK, MD, JAW, MO, LJ, ZA, TH, FG, AAM, 
JD, AM and GD all critically appraised and approved the manuscript.

Funding
This trial was funded by the National Institute for Health Research (NIHR) 
Health Technology Assessment (HTA) project 15/110/02. The views expressed 
are those of the authors and not necessarily those of the NIHR or the Depart‑
ment of Health and Social Care. The funder and the sponsor had no input into 
the trial design, collection, analysis and interpretation of data, nor into the 
writing of the report or decision to submit the article for publication.

Availability of data and materials
The datasets containing individual participant data analysed during the VITA 
trial will be available upon request from the NCTU (ctu@nottingham.ac.uk) a 
minimum of 6 months after publication of this main results paper. Access to 
the data will be subject to review of a data sharing and use request by a com‑
mittee including the Chief Investigator and Sponsor and will only be granted 
upon receipt of a data sharing and use agreement. Any data shared will be 
pseudo‑anonymised which may impact on the reproducibility of published 
analyses. The protocol and statistical analysis plan are freely available on the 
NIHR Journals Library website: https:// fundi ngawa rds. nihr. ac. uk/ award/ 15/ 
110/ 02.

Declarations

Ethics approval and consent to participate
Ethical approval was provided by London – Harrow Research Ethics Commit‑
tee on 9th September 2017 (Ref 17/LO/1245). All participants provided written 
informed consent.

Consent for publication
Not applicable.

Competing interests
JDCR reports personal fees from GSK Pharma and Bayer pharma, and owner‑
ship of shares in GSK Pharma and AstraZeneca Pharma; and is lead author of 
the UK and European Guidelines on Pelvic Inflammatory Disease; is a Member 
of the European Sexually Transmitted Infections Guidelines Editorial Board. He 
is associate editor of Sexually Transmitted Infections journal. He is an officer of 
the International Union against Sexually Transmitted Infections (treasurer), and 
a chair of trustees for the Sexually Transmitted Infections Research Founda‑
tion. CB, JAW, JK, MD, MO, LJ, ZA, TH, FG, AMo, JD, AMa, GD and LAB report no 
conflict of interests.

Author details
1 Department of GU Medicine, University Hospitals Birmingham NHS Founda‑
tion Trust, Whittall Street Clinic, Whittall Street, Birmingham B4 6DH, UK. 2 Not‑
tingham Clinical Trials Unit, University of Nottingham, University Park, Not‑
tingham NG7 2RD, UK. 3 Division of Health Sciences, Warwick Medical School, 
University of Warwick, Coventry CV4 7AL, UK. 4 Centre for Academic Primary 
Care, School of Medicine, University of Nottingham, University Park NG7 2RD, 
UK. 5 Clinical Microbiology, University Hospitals Birmingham NHS Foundation 
Trust, Queen Elizabeth Hospital Birmingham, Mindelsohn Way, Edgbaston, 
Birmingham B15 2GW, UK. 6 Health Economics Unit, Institute of Applied Health 

https://doi.org/10.1186/s12905-023-02303-5
https://doi.org/10.1186/s12905-023-02303-5
https://fundingawards.nihr.ac.uk/award/15/110/02
https://fundingawards.nihr.ac.uk/award/15/110/02


Page 11 of 11Ross et al. BMC Women’s Health          (2023) 23:241  

Research, College of Medical and Dental Sciences, University of Birmingham, 
Edgbaston, Birmingham B15 2TT, UK. 7 Centre for Health Policy, University 
of the Witwatersrand, Johannesburg, South Africa. 8 Elton John Research 
Centre, Sussex House, 1 Abbey Road, Brighton BN2 1ES, UK. 

Received: 8 May 2022   Accepted: 21 March 2023

References
 1. British Association for Sexual Health and HIV (BASHH). UK National Guide‑

line for the management of Bacterial Vaginosis 2012. Cheshire: The British 
Association for Sexual Health and HIV; 2012.

 2. Sherrard J, Wilson J, Donders G, Mendling W, Jensen JS. 2018 European 
(IUSTI/WHO) International Union against sexually transmitted infections 
(IUSTI) World Health Organisation (WHO) guideline on the management 
of vaginal discharge. Int J STD & AIDS. 2018;29(13):1258–72.

 3. Peebles K, Velloza J, Balkus JE, McClelland RS, Barnabas RV. High Global 
Burden and Costs of Bacterial Vaginosis: A Systematic Review and Meta‑
Analysis. Sex Transm Dis. 2019;46(5):304–11.

 4. Bilardi JE, Walker S, Temple‑Smith M, McNair R, Mooney‑Somers J, Bell‑
house C, et al. The burden of bacterial vaginosis: women’s experience of 
the physical, emotional, sexual and social impact of living with recurrent 
bacterial vaginosis. PLoS ONE. 2013;8(9): e74378.

 5. Centers for Disease and Control Prevention. Sexually Transmitted Infec‑
tions Treatment Guidelines 2021. 2021. Available from: https:// www. cdc. 
gov/ std/ treat ment‑ guide lines/ bv. htm.

 6. Hay P. Recurrent bacterial vaginosis. Curr Opin Infect Dis. 2009;22(1):82–6.
 7. Sobel JD, Kaur N, Woznicki NA, Boikov D, Aguin T, Gill G, et al. Prog‑

nostic Indicators of Recurrence of Bacterial Vaginosis. J Clin Microbiol. 
2019;57(5):e00227‑19.

 8. Verstraelen H, Swidsinski A. The biofilm in bacterial vaginosis: implications 
for epidemiology, diagnosis and treatment: 2018 update. Curr Opin Infect 
Dis. 2019;32(1):38–42.

 9. Norris Turner A, Carr Reese P, Snead MC, Fields K, Ervin M, Kourtis AP, 
et al. Recent biomarker‑confirmed unprotected vaginal sex, but not self‑
reported unprotected sex, is associated with recurrent Bacterial Vaginosis. 
Sex Transm Dis. 2016;43(3):172–6.

 10. Sanofi. Metronidazole Summary of Product Characteristics 2019. Avail‑
able from: https:// www. medic ines. org. uk/ emc/ produ ct/ 9238/ smpc# 
UNDES IRABLE_ EFFEC TS.

 11. Anstey Watkins J, Ross JDC, Thandi S, Brittain C, Kai J, Griffiths F. Accept‑
ability of and treatment preferences for recurrent bacterial vaginosis‑Top‑
ical lactic acid gel or oral metronidazole antibiotic: Qualitative findings 
from the VITA trial. PLoS ONE. 2019;14(11): e0224964.

 12. HM Government. Tackling antimicrobial resistance 2019–2024. The UK’s 
five‑year national action plan 2019. Available from: https:// assets. publi 
shing. servi ce. gov. uk/ gover nment/ uploa ds/ system/ uploa ds/ attac hment_ 
data/ file/ 784894/ UK_ AMR_5_ year_ natio nal_ action_ plan. pdf.

 13. Muzny CA, Kardas P. A narrative review of crrent challenges in the 
diagnosis and mnagement of Bacterial Vaginosis. Sex Transm Dis. 
2020;47(7):441–6.

 14. Sobel JD, Kaur N, Woznicki NA, Boikov D, Aguin T, Gill G, et al. Conven‑
tional oral and secondary high dose vaginal metronidazole therapy 
for recurrent bacterial vaginosis: clinical outcomes, impacts of sex and 
menses. Infect Drug Resist. 2019;12:2297–307.

 15. Bradshaw CS, Pirotta M, De Guingand D, Hocking JS, Morton AN, Garland 
SM, et al. Efficacy of oral metronidazole with vaginal clindamycin or 
vaginal probiotic for bacterial vaginosis: randomised placebo‑controlled 
double‑blind trial. PLoS ONE. 2012;7(4): e34540.

 16. Broumas AG, Basara LA. Potential patient preference for 3‑day treatment 
of bacterial vaginosis: responses to new suppository form of clindamycin. 
Adv Ther. 2000;17(3):159–66.

 17. Marrazzo JM, Dombrowski JC, Wierzbicki MR, Perlowski C, Pontius A, 
Dithmer D, et al. Safety and Efficacy of a Novel Vaginal Anti‑infective, TOL‑
463, in the Treatment of Bacterial Vaginosis and Vulvovaginal Candidiasis: 
A Randomized, Single‑blind, Phase 2. Controlled Trial Clin Infect Dis. 
2019;68(5):803–9.

 18. Cohen CR, Wierzbicki MR, French AL, Morris S, Newmann S, Reno H, et al. 
Randomized Trial of Lactin‑V to Prevent Recurrence of Bacterial Vaginosis. 
N Engl J Med. 2020;382(20):1906–15.

 19. Aldunate M, Srbinovski D, Hearps AC, Latham CF, Ramsland PA, Gugasyan 
R, et al. Antimicrobial and immune modulatory effects of lactic acid and 
short chain fatty acids produced by vaginal microbiota associated with 
eubiosis and bacterial vaginosis. Front Physiol. 2015;6:164.

 20. Plummer EL, Bradshaw CS, Doyle M, Fairley CK, Murray GL, Bateson D, 
et al. Lactic acid‑containing products for bacterial vaginosis and their 
impact on the vaginal microbiota: A systematic review. PLoS ONE. 
2021;16(2): e0246953.

 21. Mendling W, Shazly MAE, Zhang L. The role of lactic acid in the manage‑
ment of bacterial vaginosis: a systematic literature review. Future Pharm. 
2022;2:198–213.

 22. Armstrong‑Buisseret L, Brittain C, David M, Dean G, Griffiths F, Hepburn 
T, et al. Metronidazole versus lactic acid for treating bacterial vaginosis 
(VITA): protocol for a randomised controlled trial to assess the clinical 
and cost effectiveness of topical lactic acid gel for treating second and 
subsequent episodes of bacterial vaginosis. Trials. 2019;20(1):648.

 23. Ison CA, Hay PE. Validation of a simplified grading of Gram stained vaginal 
smears for use in genitourinary medicine clinics. Sex Transm Infect. 
2002;78(6):413–5.

 24. Armstrong‑Buisseret L, Brittain C, Kai J, David M, Anstey Watkins J, Ozolins 
M, et al. Lactic acid gel versus metronidazole for recurrent bacterial vagi‑
nosis in women aged 16 years and over: the VITA RCT. Health technology 
assessment (Winchester, England). 2022;26(2):1–170.

 25. Lugo‑Miro VI, Green M, Mazur L. Comparison of different metronidazole 
therapeutic regimens for bacterial vaginosis. A meta‑analysis JAMA. 
1992;268(1):92–5.

 26. Bartley JB, Ferris DG, Allmond LM, Dickman ED, Dias JK, Lambert J. 
Personal digital assistants used to document compliance of bacterial 
vaginosis treatment. Sex Transm Dis. 2004;31(8):488–91.

 27. Schwebke JR, Desmond R. Natural history of asymptomatic bacterial vag‑
inosis in a high‑risk group of women. Sex Transm Dis. 2007;34(11):876–7.

 28. Keane FE, Ison CA, Taylor‑Robinson D. A longitudinal study of the vaginal 
flora over a menstrual cycle. Int J STD & AIDS. 1997;8(8):489–94.

 29. Chawla R, Bhalla P, Chadha S, Grover S, Garg S. Comparison of Hay’s 
criteria with Nugent’s scoring system for diagnosis of bacterial vaginosis. 
Biomed Res Int. 2013;2013: 365194.

 30. Pramanick R, Aranha C. Distinct functional traits of Lactobacilli from 
women with asymptomatic bacterial vaginosis and normal microbiota. 
Microorganisms. 2020;8(12):1–18.

 31. Tyssen D, Hearps AC, Guntur K, Masson L, Cook S, Moulton SE, et al. The 
Impact of Over‑The‑Counter Lactic Acid Containing Vaginal Gels on the 
Integrity and Inflammatory State of the Vaginal Epithelium in vitro. Front 
Reprod Health. 2022;4:915948–915948.

 32. Andersch B, Forssman L, Lincoln K, Torstensson P. Treatment of bacte‑
rial vaginosis with an acid cream: a comparison between the effect of 
lactate‑gel and metronidazole. Gynecol Obstet Inves. 1986;21(1):19–25.

 33. Boeke AJ, Dekker JH, van Eijk JT, Kostense PJ, Bezemer PD. Effect of lactic 
acid suppositories compared with oral metronidazole and placebo 
in bacterial vaginosis: a randomised clinical trial. Genitourin Med. 
1993;69(5):388–92.

 34. Simoes JA, Bahamondes LG, Camargo RP, Alves VM, Zaneveld LJ, Waller 
DP, et al. A pilot clinical trial comparing an acid‑buffering formulation 
(ACIDFORM gel) with metronidazole gel for the treatment of sympto‑
matic bacterial vaginosis. Brit J Clin Pharmacol. 2006;61(2):211–7.

 35. Robertsson J, Fredstorp M, Jonasson AF, Barth A. A New Effective, 
User‑friendly Bacterial Vaginosis Treatment: A Randomized Multicenter 
Open‑label Parallel‑group Two‑part Study with a Novel Sustained‑release 
Pessary Containing Oligomeric Lactic Acid. J Infect Non‑Infect Dis. 
2015;1(2):6.

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

https://www.cdc.gov/std/treatment-guidelines/bv.htm
https://www.cdc.gov/std/treatment-guidelines/bv.htm
https://www.medicines.org.uk/emc/product/9238/smpc#UNDESIRABLE_EFFECTS
https://www.medicines.org.uk/emc/product/9238/smpc#UNDESIRABLE_EFFECTS
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/784894/UK_AMR_5_year_national_action_plan.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/784894/UK_AMR_5_year_national_action_plan.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/784894/UK_AMR_5_year_national_action_plan.pdf

	Intravaginal lactic acid gel versus oral metronidazole for treating women with recurrent bacterial vaginosis: the VITA randomised controlled trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Study aims and design
	Study setting and participants
	Randomisation and masking
	Outcome measures
	Statistical analysis

	Results
	Discussion
	Main findings
	Strengths and limitations
	Comparison to other studies
	Interpretation

	Conclusion
	Anchor 22
	Acknowledgements
	References


