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Abstract

Background: This study was conducted to investigate whether screening and treatment of bacterial vaginosis
(BV) in early pregnancy reduces the risk of spontaneous preterm delivery or preterm premature rupture of
membranes (PPROMs).

Material and methods: Women were screened for BV during their first visit to the maternal health care unit. After
the vaginal samples were air dried, they were sent to the gynecological department and were analyzed using Hay/
Ison modified classification. Eligible women were those who lived in Skaraborg County and delivered at Skaraborgs
Hospital in Skövde, Sweden. The women were divided into two groups, namely, screened women (with BV or with
lactobacilli flora) and unscreened women. Women with BV were offered treatment with vaginal clindamycin.

Results: During 2007-2015, 22,084 deliveries occurred at Skaraborgs Hospital; a total of 6,899 women were
screened for BV, out of which 746 (10.8%) had BV flora. Survival analysis showed that women with BV had
spontaneous preterm delivery significantly earlier than those with normal lactobacilli flora, even after treatment with
vaginal clindamycin (log rank p=0.01). During the same period, 15,189 deliveries occurred at Skaraborgs Hospital;
they were not screened for BV. The survival analysis showed that the unscreened women delivered slightly earlier
than the screened women (t-test p<0.05), with mean delivery days of 239.4-241.7.

Conclusion: Even though patients with BV had been treated with clindamycin, they still suffered from an
increased risk of spontaneous preterm delivery as compared to women with normal lactobacilli flora. The difference
between the screened women and the unscreened women could be attributed to the positive effect of the treatment
of BV with clindamycin if it can be assumed that there is the same amount of untreated BV in the unscreened group.
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Introduction
Bacterial Vaginosis (BV) is defined as an overgrowth of anaerobic

bacteria and the lack of normal lactobacilli flora. It has been associated
with poor perinatal outcome, and, in particular, preterm birth [1].
Thus, it is suggested that the diagnosis and treatment of BV may
reduce the risk of preterm birth and its consequences [1]. Preterm
birth is related to severe perinatal complications such as Infant
Respiratory Distress Syndrome (IRDS), sepsis, necrotizing
enterocolitis, periventricular and intraventricular haemorrhage,

periventricular leukomalacia, and cerebral palsy. Preterm birth can be
classified into different subgroups related to the following causes:
congenital malformations (4.6%), intrauterine foetal death (IUFD)
(2.7%), multiple gestations (11.6%), iatrogenic preterm birth
(induction of labour because of clinical infection, abruption of
placentae, placenta praevia, intrauterine growth retardation, or
preeclampsia) (20.2%), and spontaneous preterm birth and preterm
premature rupture of membranes (PPROMs) (55.2%) [2]. Some of the
spontaneous preterm births are caused by infection, whereas some are
genetically predestinated to have an earlier delivery. The earlier the
preterm birth occurs, the more pathological it is and the higher the
rate of morbidity. Presently, preterm births between week 34 and week
37 are not clinically challenging. Deliveries that occur between these
weeks are treated as normal deliveries, and the children of these
women are at a very low risk of any complications. However, preterm
birth before 32 weeks is of more concern. Further, preterm birth before
23 weeks is regarded as a miscarriage.

The most commonly accepted laboratory diagnostic test for BV is
the Nugent criteria. A swab is obtained from the lateral vaginal wall
and is rolled on a glass slide. The smears are Gram stained. The
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number of Lactobacillus morphotypes is calculated, and if they are
more than 30 per vision field, a score of 0 will be recorded. If no
lactobacilli are observed, a score of 4 will be recorded. If there are more
than 30 small Gram-negative rods or cocci (gardnerella morphotypes),
a score of 4 will be recorded. The absence of gardnerella morphotypes
will result in a score of 0. A patient with a score of 0-3 is considered
normal, that with a score of 4-6 is considered to be in the intermediate
category, and that with a score of 7-10 is diagnosed with BV [3]. In
addition, the presence of curved Gram-variable rods (Mobiluncus
species morphotypes) will result in the addition of 1-2 points to the
score. Nugent’s method suffers from some disadvantages. First, the
smears are scored by quantification of the different vaginal
morphotypes that requires an experienced slide reader, as well as
considerable time and skill [4]. Second, quantification of the
morphotypes also depends on the area of the microscope, which can
differ by more than 300% between different microscope vision fields
[5], particularly in a modern laboratory microscope. A total of 30
gardnerella morphotypes will result in a score of 4, thereby indicating
that the slide shows intermediate BV. The use of a difference
microscope with an area that is 300% larger will require a total of 90
gardnerella morphotypes to achieve the same score. A simpler method
was described by Hay et al. [6], in which the vaginal flora is divided
into the following different categories: normal (many lactobacilli
morphotypes-few gardnerella morphotypes), intermediate BV (equal
numbers of lactobacilli and gardnerella morphotypes), and BV (few
lactobacilli and many gardnerella morphotypes) florae. Suggestions
have also been given to use the term “Claeys’ criteria” instead of Hay/
Ison classification [7].

According to a substantial number of authors, BV during pregnancy
is associated with poor perinatal outcomes, and, in particular, an
increased risk of preterm birth with potential risk for neonatal sequelae
attributed to prematurity. Seventeen articles reporting that BV has
been treated during early pregnancy have been published. While the
conclusions of these studies differ, it should be noted that different
drugs have been used to treat BV. These 17 treatment studies have been
discussed in over 23 meta-analyses and reviews. Other infections that
can increase the risk of preterm delivery are bacteriuria and infection
caused by Neisseria gonorrhoea, Chlamydia trachomatis, and
Trichomonas vaginalis as well as bacteriuria. Therefore, the
opportunity to reduce preterm birth rates can be approached by the
treatment strategy of antimicrobial agents for these conditions. N.
Gonorrhoea and T. vaginalis are rare diseases in Skaraborg County,
why screening for these diseases are not done. All pregnant women are
screened in their early pregnancy for bacteriuria. In an earlier
publication from the same patient’s material, we found no correlation
between group B streptococci (GBS) in the vagina or urine and BV [8].
The objective of this study is to investigate whether the treatment of
BV with vaginal clindamycin reduces the risk of spontaneous preterm
delivery.

Material and Methods
This is a prospective study on BV during early pregnancy began in

2007 in the Skaraborg region of Västra Götaland in Sweden. All the
pregnant women who were registered with the maternity health care
clinics in Skaraborg County and who delivered at Skaraborgs Hospital
during 2007-2015 were included in this study. Initially, while not all of
the 13 maternity health care clinics in Skaraborg were included in this
study, all were eventually considered along the course of the study. In
Skaraborg County, there are no private hospitals and all maternity

health care clinics use the same computerized medical record,
Obsterix. Women who visited the maternity health care clinics in
Skaraborg and who were admitted to the delivery ward in Skaraborgs
Hospital with signs of risk of preterm birth and were then shifted to
another delivery department because either they were expected to
deliver extremely prematurely (e.g., gestational weeks 23-27), which
necessitated the availability of an advanced neonatal ward in a
University hospital, or to another hospital because of limited capacity
in the neonatal department in Skaraborgs Hospital to take care of a
foetus who was less than 32-weeks old were included to our study. On
the other hand, women who visited other maternity health care clinics
in other parts of Sweden than Skaraborg County but delivered at
Skaraborgs Hospital were excluded from this study, as their medical
records are not connected to our Obsterix. Fifteen women who did not
visit any maternity health care clinic were also excluded from this
study because their duration of pregnancy was uncertain. Because
non-Swedish-speaking women could not sign the informed consent
form, they were considered to belong to the unscreened group. Further,
women with prior antibiotic use were not excluded from this study.

Sample kits were distributed to maternity health care clinics, and
women were tested for BV on their first visit to a maternity health care
clinic, typically between gestational weeks 10-12, where a vaginal swab
sample and a vaginal pH test were either self-administered or taken by
midwives. The vaginal swab sample was transferred to a microscope
slide, air dried, and transported to the gynaecological clinic in
Skaraborgs Hospital where it was microscopically examined using a
phase contrast microscope with a magnification of 400x, according to
the modified Hay/Ison criteria for the diagnosis of BV [9]. The Hay/
Ison criteria were developed using Gram-stained smears by oil
immersion at a magnification of 1000x; however, because this criteria
assesses the type of flora and does not indicate the number of
individual bacteria, which is achieved using Nugent’s criteria, it is
possible to use these criteria with non-stained smears at lower
magnification [5]. The vaginal flora is divided into the following three
categories: normal (grade 1), intermediate (grade 2), and BV (grade 3)
florae, depending on the relative number of lactobacillus morphotypes
as compared to gardnerella morphotypes. At least four fields were
evaluated in all vaginal samples. All patients with BV were prescribed
treatment with vaginal 2% clindamycin cream once a day for 7 days,
and further follow up with the vaginal swab sample was carried out
after the 22nd gestational week. Unfortunately, it was impossible to
control whether or not the patients actually took the prescribed
medicine. The intermediate group is very poorly defined in terms of
the risk of preterm birth, and some authors regard pregnancies
belonging to this group as high-risk pregnancies and combine the
patients of this group with those of the BV group, claiming their
vaginal flora to be “abnormal flora” [10,11]. The ethical committee did
not approve the treatment of the intermediate group with clindamycin.
Therefore, this group was added to the group with normal vaginal
flora.

A study where we increase the work loud for the maternal
healthcare units could no include all women because of high patient
inflow and a lack of midwife resources. We therefore divided the
women who we had a vaginal sample into the screened group and
women without into the unscreened group. All demographic data,
including age and parity, were collected from the computer-based
Obstetrix medical register. The Obstetrix medical register includes data
from both the maternity health care clinic and the delivery ward;
however, it does not include data on miscarriages that occurred up to
the 22nd gestational week. The women were evaluated for background
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factors such as their BMI, as calculated on their first visit to the
maternity health care unit; parity; previous history of preterm birth;
smoking habits at the time of their first visit to the maternity health
care unit and three months before pregnancy; history of previous
urinary tract infections (UTIs). On the basis of the body mass index
(BMI) measurements, taken at the first visit at the maternal health care
clinic, the population was distributed into four BMI classes (BMI<19:
underweight, 19< BMI<25: normal weight, 25<BMI<30: overweight,
and BMI>30: obese). The estimated delivery time was calculated using
ultrasound scans between pregnancy weeks 16-18.

Figure 1: All women who visited the Maternal Health Care clinics in
Skaraborg during 2007-2015, and the result of the screening test for
bacterial vaginosis (BV).

It is impossible to trace cases related to miscarriages before 23 weeks
of gestation because these are not registered in Obstetrix. It was also
impossible to include pregnant women who were initially followed up
with in the maternity health care units in the region of Skaraborg but
shifted to another region in Sweden before delivery. It was possible to
classify all the preterm births—defined as those where the patients
delivered before the gestational age of 37 weeks and 0 days or 259 days
by using the Obstetrix register—into the following categories: intra
uterine foetal death (IUFD), multiple gestation, iatrogenic preterm
births, spontaneous preterm births, and PPROMs. Iatrogenic preterm
birth because it is medically intervened by induction of labour or
caesarean section (e.g., preeclampsia, eclampsia, pruritus gravidarum,
hepatosis in pregnancy, abruption of placentae, intercurrent disease
during pregnancy, symphysiolysis, maternal psychiatric disorders,
etc.). Women with spontaneous preterm birth include those whose
delivery begin with spontaneous contractions but could end with
either vaginal delivery or caesarean section. Women with PPROM
could either begin with spontaneous contractions or induced delivery

that could either end with vaginal delivery or caesarean section.
Multiple gestations have a high risk of preterm delivery, and many of
them are induced before 37 weeks of gestation; therefore, we excluded
such patients from our analysis.

Figure 2: The preterm delivery outcome of all women who delivered
at Skaraborgs Hospital during 2007-2015 and those who visited the
maternal health care clinics in Skaraborg. It also includes the 91
women who were shifted to other hospitals because of limited
capacity at the neonatal department in Skaraborgs hospital.

In our analysis, spontaneous preterm births and PPROM were
combined into one group termed the spontaneous preterm birth
group. The obtained data were transferred to the Statistical Package for
the Social Sciences (SPSS, version 19.0). The statistical methods used
were a t-test, odds ratio (OR), and a bivariate analysis using Spearman’s
rank correlation coefficient. A 95% confidence interval (CI) was
chosen. P-values <0.05 were considered significant. Kaplan-Meier
survival analysis was also performed to assess the main outcome,
which was the gestational age at the time of spontaneous preterm
delivery before the 259th day (37+0 gestational week) among the
different studied groups and statistical analysis of the log-rank
(Mantel-Cox) test. The participants were informed verbally and
through a written and signed consent form. Ethical approval was
received from the regional ethical review board (EPN) in Gothenburg
(2006): number 443-06 and clinical trials number NCT02348463.
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Results
The total cohort of pregnant women during the study period

2007-2015 included 22,084 deliveries. A majority of this group was
delivered at Skaraborgs Hospital in Skövde. Ninety-one women were
shifted to the delivery departments of other hospitals because they
entailed the risk of extreme preterm birth (i.e., PPROM, cervical length
shortening, intra uterine growth retardation (IUGR), abruption
placentae, maternal illness such as severe preeclampsia, or appendicitis
before a gestation period of 27 weeks, etc.), which required
management at the regional university hospital’s perinatal unit or to
another hospital because of limited capacity in the neonatal
department in Skaraborgs Hospital to take care of a foetus who was
less than 32-weeks old. The 22,084 pregnant women were distributed
into two groups, namely, those who were screened for BV and those
who were unscreened. The numbers of unscreened and screened
women were 15,189 and 6,899, respectively. It was impossible to
identify the results of the vaginal specimen of four women; therefore,
data obtained for these women were excluded, none of which had a
preterm delivery. Thus, 6,895 vaginal samples were to be classified
according to the modified Hay/Ison criteria. In the screened group, 746
(10.8%) women had BV. The intermediate and normal vaginal flora
was considered to belong to one group, which was referred to as the
group with normal flora consisting of 6,149 individuals (Figure 1).

Distribution of preterm births by cause
The number of preterm births was 1,376 during the period

2007-2015 at Skaraborgs Hospital, which represents 6.4% of all the

deliveries. This number includes the 91 women that were shifted to
another hospital for delivery because of very early gestation (i.e., weeks
23-32). Further, 491 (35.7%) women were classified to have
spontaneous preterm birth, 294 (21.3 %) women were found to suffer
from PPROMs, 414 (30.0 %) women had iatrogenic preterm delivery,
and 132 (9.7%) women had multiple gestations that that resulted in a
preterm delivery. Finally, 47 cases (3.4%) were attributed to IUFD
(Figure 2). The spontaneous preterm birth and PPROMs were
combined, into one group called the spontaneous preterm delivery
group, with 782 (58.8%) cases of preterm deliveries.

Population background factors
In the screened women, there was no difference in the history of

preterm delivery between women with BV or with normal vaginal
flora. Women with BV were two years younger on an average, were
more often nulliparous, had a higher BMI, and smoked more often,
both in the three months prior to and during pregnancy (Table 1). The
differences between the screened group and the unscreened group are
summarized in Table 2. There was no difference in the background
factors such as the BMI and a relatively early preterm delivery.
However, we found that it was more common for women belonging to
the screened group to have a history of earlier UTI’s than those
belonging to the unscreened group; further, there were a greater
number of nulliparous women in the screened group than there were
in the unscreened group. It was also found that a greater number of
women smoked in the unscreened group than in the screened group
(Table 2).

Factor BV (746) Normal lactobacilli (6149) OR CI 95% Missing

BMI obese 138 (19.0%) 854 (14.4%) 1.39 1.14-1.70 P<0.05 234

Earlier preterm delivery 58 (7.8%) 609 (9.9%) 0.77 0.58-1.02 N.S. 0

Previous history UTI 114 (15.5%) 986 (16.4%) 0.94 0.76-1.16 N.S. 141

Parity (nullipara) 402 (54.1%) 2680 (42.8%) 1.25 1.15-1.35 P<0.05 54

Smoking habits 3 months before 233 (31.6%) 865 (14.3%) 2.78 2.24-3.30 P<0.05 92

Smoking first visit MHC 110 (15.1%) 343 (5.7%) 2.95 2.34-3.71 P<0.05 139

Bacterial Vaginosis (BV); Urinary Tract Infection (UTI); Maternity Healthcare Clinics (MHC)

Table 1: Background factors between the BV group and women with normal lactobacilli flora.

Factor Screened (5457) Unscreened (11554) OR CI 95% Missing

BMI obese group 989 (14.9%) 2189 (15.2%) 0.98 0.91-1.05 N.S. 1041

Earlier preterm delivery 667 (9.7%) 1384 (9.1%) 1.06 0.97-1.16 N.S. 22

Previous history UTI 1100 (16.3%) 2127 (14.3%) 1.14 1.07-1.22 P<0.05 456

Parity (nullipara) 3007 (44.0%) 6136 (40.9%) 1.14 1.07-1.20 P<0.05 253

Smoking habits 3 months before 1095 (16.1%) 2708 (18.2%) 0.89 0.83-0.94 P<0.05 406

Smoking first visit MHC 451 (6.7%) 1271 (8.5%) 0.78 0.71-0.87 P<0.05 457

Urinary Tract Infection (UTI), Maternity Health Care clinics (MHC)

Table 2: Background factors between the screened and the unscreened groups.
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Survival analysis of the studied groups with spontaneous
preterm births and PPROM
The survival analysis of the duration of pregnancy was performed

on women who delivered before the 259th day of gestation. Of the
women with spontaneous preterm births, 236 had normal lactobacilli
flora and 36 were BV positive. The difference in the duration of
pregnancy between the normal and BV groups is statistically
significant (log-rank Mantel-Cox) test p=0.010, t-test p<0.05, with
mean delivery days of 246.0 and 239.8, respectively; median 251-248),
which indicates that the BV-positive pregnant women had a higher risk
of spontaneous preterm births, even after being treated with
clindamycin vaginal cream after diagnosis (Figure 3). This difference
was still significant if it was compensated for smokers with log-rank
(Mantel-Cox) test p=0.013 but not with t-test p=0.091, with mean
delivery days of 246.6-242.2. In the screened group, binary logistic
regression if spontaneous preterm delivery occurred before or after the
238th day (i.e., 34+0 gestational week) showed that such delivery
depended only on the presence of BV and not on other factors such as
the BMI, history of earlier preterm delivery, smoking habit, or UTI.”

Figure 3: The survival curve (Kaplan-Meier) of spontaneous
preterm deliveries or PPROM before the 259th day (37th
gestational week and 0 days) shows that the BV-positive women
delivered significantly earlier than women with lactobacilli flora
even after treatment with clindamycin: log-rank (Mantel-Cox) test
p<0.05, t-test p<0.05. The black line indicates the 34th gestational
week.

In order to compare the effect of screening, the unscreened group
was compared with the screened group. The survival analysis of
spontaneous preterm deliveries or PPROM showed that the
unscreened women delivered slightly earlier than the screened women
(Figure 4). The result of the log-rank (Mantel-Cox) test is not
significant (p=0.10); however, the result of the t-test (p=0.04) is
significant, with mean delivery days of 239.4-241.7.9. There was a
difference between the smoking habits of the unscreened and screened

women; a new survival analysis was performed after compensating for
smokers, and the difference remained non-significant in the result of
both the log-rank (Mantel-Cox) test (p=0.085) and the t-test
(p=0.056), with mean delivery days of 239.9-242.2. Most of the
spontaneous preterm deliveries occur after 238th day i.e., after
gestational week 34. The distributions are shown in Figure 5. Only 170
out of 22,084 women had spontaneous preterm delivery or PPROM
before day 238, 114 in the unscreened group and 56 in the screened
group. The unscreened women delivered at mean day 216 as compared
with the screened women who delivered at mean day 222 (t-test:
p<0.05). Nearly all treatments of BV started between the 12th and the
16th week. The survival analysis of treatment that commenced before
or after the 14th week shows a slightly better outcome with early
treatment especially spontaneous preterm deliveries before the 238th
day. However, this difference is not significant (t-test>0.05) (Figures 6
and 7).

`

Figure 4: The survival curve (Kaplan-Meier) of spontaneous
preterm deliveries or PPROM shows that the unscreened group
delivered significantly earlier than the screened group: log-rank
(Mantel-Cox) test p<0.05. The biggest difference before day 238
(i.e., before the 34th gestational week). The black line indicates the
34th gestational week.

Cure rate of BV after treatment with clindamycin 2% vaginal
cream
The BV group consisted of 746 women who were treated with

clindamycin for one week. Of these women, 222 (29.8%) women failed
to return for follow up after treatment. Only 47 out of 477 women of
the controlled group had persistent BV, which had a cure rate of 90.1%
after the first treatment. These 47 BV-positive women were offered
another week’s treatment with clindamycin 2% vaginal cream; of these
women, 22 women failed to return for follow up after treatment. Only
7 out of 25 of those who came back had persistent BV, which has a cure
rate of 72% after the second treatment. The 7 women with relapse of
BV were again offered clindamycin treatment, but no controlling
measures were taken after treatment. Of the 222 women that did not
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return for follow up after the treatment of BV, 8 had spontaneous
preterm delivery and 5 had iatrogenic preterm delivery (Figure 8).

Figure 5: Most of the spontaneous preterm deliveries or PPROM
occur after day 238 i.e., after gestational week 34. Most of those are
not because of infection but are rather physiological deliveries. As
this is the majority, it is difficult to show statistical significance of
treatment infections. The black line indicates the 34th gestational
week.

Figure 6: The survival curve (Kaplan-Meier) of spontaneous
preterm births or PPROM shows that there was no statistical
difference if the treatment commenced before or after the 14th
gestational week. The black line indicates the 34th gestational week.

Of the 47 women with relapse of BV, one had a spontaneous
preterm delivery and two had an iatrogenic preterm delivery. None of
the 7 women with second relapse of BV had preterm delivery. We
investigated whether the rate of preterm delivery decreased during our
study period, however, this difference was not significant. However, a

trend showing a decrease in the number of preterm deliveries is
observed (data not shown). The difference in the BV frequency
between different maternity health care clinics in Skaraborg County
varies from 5% to 19%. In Skaraborg, there are 13 different maternity
clinics, and only 132 deliveries have been carried out in the smallest
maternity clinic. Therefore, the small clinics are merged with the
neighbouring clinics giving six different clinics. These clinics represent
the clinics in the six bigger towns in the area (Mariestad, Skövde,
Falköping, Skara, Lidköping, and Hjo/Karlsborg). These clinics will
then be able to accommodate between 2100 and 7000 deliveries. The
frequency of BV is likely to be 9.2%-12.7%, and the frequency of
spontaneous preterm delivery will be between 2.9% and 3.8%. These
differences are non-significant.

Discussion
This study shows, that the BV group, even if treated with

clindamycin, is at a risk of preterm delivery, and, therefore, patients
belonging to this group should be provided with extra prenatal care.
All former studies dealing with the treatment of BV to reduce the risk
of preterm delivery have only compared a treated BV group with an
untreated BV group, either with a placebo or without treatment;
however, none of the studies have compared women with BV that have
been treated with women with normal lactobacilli flora. Our results
indicate that women with BV, even after treatment, will suffer from an
increased risk of preterm delivery, which might explain some of the
controversy regarding whether the treatment of BV during early
pregnancy is recommended. When designing a study, one estimates
the sample size that is required to show the effects of the treatment. In
doing so, one assumes that the treatment of BV will reduce the risk of
spontaneous preterm delivery to the same level as that entailed by
women without BV.

Figure 7: Plot showing the distribution of when the treatment
commenced with clindamycin against BV.

The results of our study suggest that while the treatment of BV
could reduce the risk of spontaneous preterm delivery, it will not
reduce it to the same extent as that for women with lactobacilli flora.
Lamont [12] suggested that treatment of BV between the 12th and the
20th gestational week might reduce the risk of preterm delivery by
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40%. Therefore, several studies could not provide a significant result
with regard to the treatment because they were underpowered.

The existing literature regarding the treatment of BV is very
inconsistent. Some authors argue that it is important to commence the
treatment as early as possible. A majority of the studies show a
statistically significant association between BV and preterm birth and
that the risk of preterm birth was higher if BV was diagnosed in the
early pregnancy [12]. If antibiotics are used late in the pregnancy when
inflammatory tissue damage may have already occurred, then
antibiotics are unlikely to be beneficial and may even have detrimental
effects. In our study, we chose to commence most of the treatment after
the 12th week. However, we could not show whether the treatment
before or after the 14th week made any difference. Most treatments in
our study commenced between the 12th and the 16th week. A
systematic review by Lamont et al. of clindamycin used in women with
abnormal flora, including BV, in the early pregnancy before 22 weeks
of gestation was published in [13]. It was hypothesized that the
conclusions of individual studies/systematic reviews/meta-analyses on
the use of antibiotics used prophylactically for the prevention of
preterm birth were flawed by the following factors:

1. suboptimal choice of antibiotics,
2. antibiotics used too late in the pregnancy to influence the

outcome (23-27 weeks), and
3. antibiotics used in women whose risk of preterm birth was not

attributed to BV.

In this study, we attempted to avoid these three factors. Because we
could not treat the intermediate group according to the ethical
committee, we combined the intermediate group with the group with
normal vaginal flora.

Figure 8: The survival curve (Kaplan-Meier) of spontaneous
preterm deliveries or PPROM among women treated for BV
divided between the ones that were cured, not cured, and did not
return for follow up. This curve shows that the women who did not
return for follow up did not deliver earlier than women that where
cured for the BV. Only one woman who had a persistence of BV had
a spontaneous preterm delivery. The black line indicates the 34th
gestational week.

The distribution of the preterm births in this relatively large
prospective study was found to be similar to the distribution reported
in previous papers [2]. The prevalence of BV in the screened group was
10.8%, which is comparable to the result reported by Desseauve et al.
[14]. In an earlier study, we have showed that the treatment of BV
during early gestation is likely to prolong the pregnancy by 30 days
[15]. In that study, all miscarriages that occurred after the 16th week of
gestation were included. Unfortunately, it was impossible for us to find
out how many miscarriages occurred at our hospital from our medical
record. We use another computerized medical system for
gynaecological diseases which include all miscarriage (Melior). This
diagnosis (ICD10) does not differentiate between early and late
miscarriage. If the BV treatment prolongs the pregnancy by 30 days, a
miscarriage that would have occurred in the 21st week if untreated
could then become a preterm delivery in the 25th week if treated. This
problem will be very difficult to solve with a computerized journal
system—Obstetrix—which only registered the children born after the
23rd week. While designing a new study, one has to take into
consideration the late miscarriages that occur between gestational
weeks 16 and 23. This study was however not designed to investigate
women who had a late miscarriage. We did a thoughtful survey of all
the miscarriages that occurred during 2013 (unpublished results). We
identified 720 miscarriages, 16 of which occurred after the 16th week.
If this result could be extrapolated to the entire study period, it would
imply that approximately 110 late miscarriages should occur during
this time. As only 170 spontaneous preterm deliveries occur before the
34th gestational week, late miscarriages could be of great importance.
During the first years of the study, we could identify late miscarriages
in the screened group. Of the 21 women who suffered from late
miscarriages in the screened group, only 2 were BV positive. Because
we had no possibility to find out the total number of late miscarriages
in the unscreened group, we stopped recording the instances of late
miscarriages even in the screened group.

It is interesting to note that the unscreened women had significantly
more spontaneous preterm deliveries than the screened women. In this
group, we can expect that there are as many women with BV (and
these should then not be treated) as there are in the screened group. If
so, this difference will then be the effect of treatment with clindamycin.
To do so, we have to assume that the screened and the unscreened
populations entail the same risk factors as the screened group.
However, we know that the early occurrence of UTI is significantly
more common in the screened group than in the unscreened group;
further, smokers are significantly more common in the unscreened
group than in the screened group. If women who smoked were
excluded, the difference in spontaneous preterm delivery was not
significant as the p-value was increased from 0.040 to 0.056 if the
smokers were excluded. If we had not investigated the unscreened
group, the first conclusion of our study would have been that the
treatment of BV with clindamycin would not be beneficial or that the
treatment was doing more harm than good. It is also interesting to note
that the biggest difference between the screened and the unscreened
groups lies in the earlier gestational weeks. This is the most clinically
challenging aspect as clinician’s will attempt to prolong the pregnancy
with anti-contraction drugs and antibiotics combined with
corticosteroids that help to mature the lungs of the infant. Many of the
studies that have debated the treatment of BV during pregnancy have
only had a primary objective to investigate the number of deliveries
before the 259th day (37 weeks and 0 day). Many of the deliveries
between the 238th and the 259th day are not caused by an infection
but are instead a physiological delivery (Figure 5). This is the most
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clinically significant finding, as children who are born before 238th day
are at a greater risk of sequelae than children born after 238 days. If the
treatment of BV with clindamycin will save only a few spontaneous
deliveries between day 180 and day 220 (gestational weeks 26-32), the
rate of morbidity will be significantly reduced. Only 170 spontaneous
preterm deliveries occurred before the 238th day (34+0 gestational
week); thus such births are extremely rare even in a large population as
ours that consist of 22,084 women. We also found that these very early
preterm deliveries occurred nearly one week earlier in the unscreened
group as compared with the screened group (p<0.05). A difference of
one week could be very significant in these gestational weeks.

A disadvantage of our study is that only around 30% of the women
were screened because of high patient inflow and a lack of midwife
resources at the maternal healthcare units. The social surroundings
and the inhabitants have very similar maternal healthcare units, and all
the cities are small with only around 30,000 inhabitants. There is little
difference in the frequency of BV and preterm delivery between the six
small towns; therefore, we can only assume that the screened and
unscreened populations are similar, even if we cannot confirm this
assumption. Another disadvantage of our study is that we have no
treatment control of as many as 222 of 746 women treated for BV.
However, according to the Kaplan-Meier curve shown in Figure 8,
women who were not controlled after the treatment of BV will not
deliver earlier than those who were cured after treatment of BV. A test
to determine the cure rate was scheduled to be performed 10-15 weeks
(after gestational week 22) after the treatment. While designing a new
study, a test to determine the cure rate should be performed after 4
weeks.

Another aspect to consider when doing a new study would to
investigate what lactobacilli flora the women has after treatment of BV
and to study if addition of probiotic lactobacilli will lower the risk of
preterm delivery. Petricevic at al. have shown that women with
Lactobacillus iners have a greater risk of preterm delivery than women
with other types of lactobacillus spp. [16]. He has also shown that
different lactobacillus can restore the vaginal flora after antibiotic
treatment of BV [17]. In the latest review by Haahr el al. [18] just
published they still look at spontaneous preterm delivery before 37th
week and the worst error is that they add a study by Subtil that are
unpublished and are only available only as an abstract. This study will
interfere with the result and make the conclusion of the review not to
recommend treatment of BV.

Conclusion
To the best of our knowledge, this is the first study that compares

women with BV who have been treated with clindamycin with women
with normal lactobacilli flora in terms of spontaneous preterm birth.
Women with BV, even when treated, still have a significantly higher
risk of spontaneous preterm birth than women with lactobacilli flora.
The advantage of treating BV could explain the difference in the
gestational age during preterm spontaneous delivery between the
screened and the unscreened women.
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