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Abstract
Bacterial Vaginosis (BV) is a disorder of unknown etiology, characterized by a foul smelling vaginal discharge,
loss or reduction of the normal vaginal Lactobacilli, and overgrowth of other anaerobic bacteria. Thus, it
presents a formidable problem for clinicians as well as microbiologists researching its etiology, clinical course,
treatment, and epidemiology. The present work focuses on the unresolved issues of the epidemiology and treatment of BV in order to provide valid methods for treatment studies of this condition and to describe the prevalence of BV in defined populations.
The first study validates the use of PAP-stained smears in the diagnosis of BV. The study assesses the methods
of Amsel‟s clinical criteria and Nugent criteria on Gram-stain smears, against Pap-stained smears and also validates different observers. The result shows that the PAP-staining of vaginal smears is a good method in BV
diagnosis; the kappa value is 0.86 (interobserver weighted kappa index) compared to 0.81 for Gram-stained
smears, and 0.70 for rehydrated air-dried smears using the mean Nugent score as the criterion standard. This
enables population based studies on archived PAP-stained smears from the screening of cervical cancer.
In the second study, we use the knowledge gained from study one to investigate the prevalence of BV in a cohort
from the population of Åland. The prevalences of BV on the Åland Islands were: 15.6 %, 11.9 %, 8.7 %, and
8.6% in 1993, 1998, 2003, and 2008, respectively. This means that the prevalence of BV decreased between1993-2008 from 15.6% to 8.6%. The confidence intervals are not overlapping, thus indicating a significant
decrease in prevalence from 1993 to 2008.
The third study is a prospective, double-blind placebo controlled treatment study of BV. After conventional
treatment with clindamycin, the patients were treated with adjuvant treatment of Lactobacilli-loaded tampons or
placebo. The study showed no differences between the treatment and the placebo group, indicating that the tampon does not work at all. There are a variety of possible explanations for the result, which are analyzed in this
thesis.
The fourth study aimed to evaluate whether clindamycin is retained for a long time in the vaginal mucosa, thus
disturbing the Lactobacilli in an attempt to reimplant Lactobacilli in the probiotic treatment studies. In conventional treatment, it is also useful to know whether clindamycin is retained, especially when considering the pressure from antibiotics on the antimicrobial sensitivity pattern. In the study, we found that the clindamycin disappears rapidly.
BV research requires effort from many different scientific disciplines and the riddle of this condition and its
treatment can only be resolved by concerted actions in research and treatment. The vision for the future includes,
among other factors, better molecular biology based diagnostic tools, and knowledge of population based bacterial floras.
Keywords: bacterial vaginosis, prevalence, diagnosis, PAP-smear, probiotic treatment, clindamycin
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Introduction

1 Introduction
Why conduct research on Bacterial Vaginosis (BV)?
Although BV was first described in 1895, it was brought into focus as a major concern in
women‟s genital health in the early 1980s. In the meantime, BV has not found a place in the
core arsenal of syndromes that are treatable by physicians, nor has it been given a satisfactory
pathophysiological explanation. Instead, BV is still, to this day, a disorder of unknown etiology, characterized by a foul smelling vaginal discharge, loss or reduction of the normal vaginal
Lactobacilli, and overgrowth of other anaerobic bacteria. Thus, it still presents a formidable
problem for clinicians as well as microbiologists researching its etiology. Whether BV is a
disease that should be treated or a microbiological imbalance in the vaginal flora that is automatically corrected over time is a lingering debate among researchers. Although, admittedly,
much knowledge has been gained about vaginal microbiome and the epidemiology of BV, as
well as its relationship to the living conditions of women in many countries around the world,
many basic facts are still missing. Thus BV requires further and more detailed investigation.
However, the rapid development of molecular biology tools for the study of the vaginal microbiome is resolving many of the basic challenges facing microbiologists who are trying to
unravel the biology of BV. The present work focuses on the unresolved issues relating to BV
epidemiology and treatment in order to provide valid methods for BV treatment studies and to
describe the prevalence of BV in defined populations.

Some historical notes
The first description of the normal bacterial flora of the vagina was published in 1892 by
Döderlein (Döderlein, 1892). This study also contained the first published illustration of the
bacteria that were later called “Döderlein's bacilli”. These facultative anaerobic Gram-positive
bacteria have been shown to be part of a group of bacteria generally referred to as Lactobacilli
and, in bacterial taxonomy (Hillier, 2008), they are classified into the genus Lactobacillus. In
1895, Krönig (Krönig, 1898) reported a motile rod, which he believed normally occurred in
the vaginas of pregnant women. This was probably the first description of a bacterium that is,
today, known as Mobiluncus sp (Hjelm et al., 1981; Spiegel et al., 1984; Durieux et al., 1980).
In addition, Curtis was able to isolate the curved anaerobic bacterium from a woman with
puerperal fever (Curtis, 1913). Curtis stated that the normal vaginal content is dominated by
Lactobacilli and that the presence of anaerobic rods correlates to vaginal discharge (Curtis,
1914). This shift in vaginal flora was also reported in 1921 by Schröder (Schröder, 1921).
Schröder divided the vaginal discharge into three types. The first type was dominated by Lactobacilli, the second type consisted of a mixture of Lactobacilli and other bacteria, and Lactobacilli were absent in the third type. Later, the term non-specific vaginitis was used to describe this syndrome because in contrast to trichomoniasis and candidiasis, it was impossible
to identify a specific agent that caused the vaginitis.
In 1955, Gardner and Duke (Gardner et al., 1955) isolated Haemophilus vaginalis, later called
Gardnerella vaginalis, from women with non-specific vaginitis. Gardner and Duke named
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this syndrome Haemophilus vaginalis vaginitis. When investigators in other parts of the world
started to use a more selective culture medium containing human blood, it was shown that
many clinically healthy women could harbor G. vaginalis, albeit at much lower concentrations, without contracting Haemophilus vaginalis vaginitis, (Totten et al., 1982; Hillier ,
2008). In 1984, at the second international meeting on the syndrome, the term bacterial vaginosis was coined and given the definition: a replacement of the Lactobacilli of the vagina by
characteristic groups of bacteria accompanied by changes in the properties of the vaginal fluid. The term quickly found universal acceptance (Mårdh et al., 1984).

1.1 Symptoms of BV
The most common BV symptoms are a malodorous discharge and itching (Amsel et al.,
1983). The odor, which is similar to the smell emanating from spoiled fish, is due to the release of amines, the same amines that are produced by the bacteria that spoil fish. In some
people with BV, no symptoms are apparent. BV is also associated with more serious diseases.

1.2 Diagnosis of BV
Two gold standards are used to diagnose BV. The first diagnostic method is Amsel‟s clinical
criteria and the second is the laboratory-based Nugent Gram staining evaluation. Several other
methods have also been proposed for the diagnosis of BV, most of which have been designed
to be used in point-of-care-testing devices (POCT-devices).

1.2.1 Amsel‟s clinical criteria
In clinical practice, Amsel‟s clinical criteria are the most commonly used criteria. The diagnosis is positive for BV if at least three out of the four criteria are fulfilled. These criteria are 1)
presence of a typical discharge, 2) pH> 4.5, 3) a positive whiff test, and 4) the presence of
clue cells in the wet smear (Amsel et al., 1983).
1. With BV, a typical discharge is thin. A normal discharge is floccular.
2. The pH is measured using pH indicator paper. The sensitivity for BV diagnosis by
pH-measurement is high, but it has a low specificity. The Hallén et al. study found a
sensitivity of 98.8% and a specificity of 71% (Hallén et al., 1987) However, in the study
by Amsel, only 81% of the women with BV had a pH >4.5 (Amsel et al., 1983). In a
study by Eschenbach et al., 97% of the women with BV had an elevated pH (Eschenbach et al., 1988).
3. An increase in pH rapidly releases amines, for example trimetylamine (TMA), which
are dissolved in the discharge as an acid when the pH is low. A trimetylamine sniff
test/whiff test is performed to detect odor by adding one drop of 10-20 % potassium hydroxide (KOH) to the discharge on the speculum, or by placing a drop of discharge onto
a microscope slide and adding one drop of the 10-20 % potassium hydroxide mix and
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then smelling. TMA is responsible for the smell of spoiled fish and can be detected in
vaginal specimens from women with BV.
Smelling directly from the speculum is known as a whiff test and this method was proposed by Gardner and Duke in 1955 (Gardner et al., 1955). Amsel et al. introduced the
addition of potassium hydroxide to the sniff test in 1983 (Amsel et al., 1983). Published
studies of the sniff test show a fairly high sensitivity and specificity. The study by
Hallén et al. showed a sensitivity of 95% and a specificity of 100% (Hallén et al., 1987).
In a study by Thomason et al., the sensitivity was 91.1% and the specificity was 61.2%
(Thomason et al., 1990).
4. The fourth criteria are clue cells in the wet mount. A small proportion of vaginal discharge is placed on a microscope slide and one drop of saline is added. The specimen is
then covered with a glass cover and examined under a microscope. If the patient has
BV, some of the epithelial cells are covered with large numbers of Gardnerella morphotype bacteria. Clue cells are epithelial cells of the vagina whose borders are difficult to
see because so many bacteria are found on the surface of the cells. The clue cell was one
of the clinical criteria introduced by Gardner and Duke. These cells were the clue to the
diagnosis (Gardner et al., 1955).
Amsel‟s clinical criteria are one of the gold standards for diagnosing BV (Eschenbach et al.,
1985). In treatment studies, it is common to say that the patient is “cured” if none of the four
Amsel‟s clinical criteria are present, and “improved” if the patient has one or two of the Amsel‟s criteria (a typical discharge and a pH> 4.5). If the patient meets the third and the fourth
criteria (a positive whiff test and the presence of clue cells), treatment is considered to have
failed (Larsson et al., 2005b).

1.2.2 Staining methods
1.2.2.1 Gram staining
The Gram stain is a classic method in microbiology, developed to categorize bacterial morphotypes. The bacterial morphotypes are classified as either Gram positive or Gram negative
depending on whether or not the cell wall of the bacteria can be stained. Smears are first fixed
with heat or methanol fixation, then stained and counterstained (Koch, 1994). Gram staining
separates the bacteria into two separate groups, depending upon the lipopolysacharide (LPS)
content of the cell wall; cells that retain the primary dye are Gram positive and cells that take
on the color of the counter-stain as Gram negative. A third option, known as Gram variable
bacteria, is also possible. Gram variable bacteria either contain low amounts of LPS or the
LPS are covered by other molecules in the cell wall, hindering the dye‟s ability to penetrate
the LPS-molecules.
In a BV diagnosis, the bacteria are either classified as Gardnerella morphotypes, which are
short bacteria that are either Gram negative or Gram variable, or as Lactobacillus morphotypes, which are Gram positive rods.
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Because the microscope slides are stained, they can be stored and, therefore, this method
makes it easy to transport the slides. As a result, it is possible for the slides to be examined
several times by the same assessor or by different assessors (Krohn et al., 1989).

1.2.2.2 PAP-staining
The PAP-stain procedure was developed to stain the nucleus of epithelial cells. PAP-stained
vaginal smears are used throughout the world for cervical cancer screening but could additionally provide very useful and accessible material for BV diagnosis. In 1995, PlatzChristensen et al. reported that PAP smears could be potentially as useful an instrument for
clinical diagnosis of BV as Amsel‟s criteria (Platz-Christensen et al., 1995), while others expressed doubt (Lamont et al., 1999; Prey, 1999). Even though more recent studies indicate
that it is possible to use PAP-stained smears to diagnose BV (Simoes-Barbosa et al., 2002;
Vardar et al., 2002; Discacciati et al., 2006), a thorough validation study has not yet been
conducted to compare the scoring of the PAP-stain procedure to one or both of the gold standards. When arguing for the usefulness of PAP-stained slides in scoring for BV, it is important to consider the contextual fact that, in countries where three portions (fornix, ecto- and,
endo-cervix) are taken in cervical cancer screenings, better agreement seems to exist between
PAP-stained smears and other BV diagnosis methods (Vardar et al., 2002).
The PAP-staining method is much more demanding than the Gram staining method. Immediately after the PAP smear has been taken, it is fixed with a spray fixative of alcohol or in an
alcohol-ether dip. The staining method includes more staining steps and rinsing. Because this
method is rather complicated, this staining is automatic in most laboratories.
1.2.2.3 Methylene blue staining
Methylene blue is the classical staining method primarily used in STD clinics for staining
smears, taken from urethra to investigate intracellular diplococci, for the diagnosis of gonorrhea.
1.2.2.4 Air-dried wet smears
An air-dried wet smear is a smear with a vaginal secretion that is simply air-dried on the slide.
The sample is later rehydrated and interpreted using a categorization system, for example the
Hay/Ison criteria or Nugent criteria. The air-dried wet smear procedure is very easy to use and
no complicated equipment is required. It provides the same image quality as a normal wet
smear, but the mobility of moving objects, such as Trichomonas vaginalis, Mobiluncus, and
sperm, are missing (Larsson et al., 1990). A phase contrast microscope is recommended to
more easily recognize the different structures, especially when they are transparent as they are
in small bacteria, Lactobacilli, and clue cells (Donders et al., 2009).

Phase contrast microscopy is an optical microscopy illumination technique in which small
phase shifts in the light passing through a transparent specimen are converted into amplitude
or contrast changes in the image. The necessary phase shift is introduced by allowing the light
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to pass though a slit after which an object can be studied to determine if a corresponding ring
is accurately etched. This technique allows the phase of the light passing through the object
under study to be inferred from the intensity of the image produced by the microscope.

1.2.3 Classification Systems
1.2.3.1 Spiegel
In the Spiegel classification system, Lactobacillus morphotypes and Gardnerella morphotypes are detected and classified as 1+, 2+, 3+ , and 4+ according to the amount of the bacteria seen using Gram stained smears with a magnification of 1000 x. A microscopically detectable change in vaginal microflora, from the Lactobacillus morphotypes, with or without
Gardnerella morphotypes (normal), to a mixed flora with few or no Lactobacillus morphotypes (BV), is used in the diagnosis of BV. The presence of Lactobacillus morphotypes in low
numbers (1+ to 2+) is interpreted as being consistent with BV. If the Gardnerella morphotypes outnumber the Lactobacillus morphotypes, this is also consistent with BV, even if the
Lactobacillus morphotypes are present. If Lactobacillus morphotypes are present alone, the
sample is interpreted as being normal (Spiegel et al., 1983).

1.2.3.1 The Nugent classification
Nugent et al. (Nugent et al., 1991) developed a more objective scoring system for the diagnosis of BV based on observed morphotypes. Today, the Nugent scoring is the most frequently
used laboratory based diagnostic tool for detecting bacterial vaginosis and it is considered as
the gold standard. Nugent‟s scoring is employed along with Gram strained smears (1000 x
magnification), using oil immersion. This results in a point estimation system (0 to 4 points)
that is used to rate the amount of different bacterial morphotypes present in the samples. The
presence of more than 30 Lactobacilli morphotypes per vision field earns 0 points, whereas
the absence of Lactobacilli morphotypes earns 4 points. The amount of small bacteria present
in the sample is also rated on a point system (from 0 to 4 points), but the points are assigned
in the opposite way. The presence of more than 30 small bacteria per vision field earns 4
points and the absence of small bacteria earns 0 points. The existence of curved rods earns an
additional 1 or 2 points, depending on the amount of curved rods in each field of vision. When
the points are added together, a total score of 0-3 is considered normal; a score of 4-6 is classified as intermediate, and a score of 7-10 is consistent with BV (see Table 1) (Nugent et al.,
1991). The scores from zero to ten do not represent a ratio scale. The variable amount of bacteria is rated on an interval scale, but is categorized with the categories
BV/intermediate/normal, on an ordinal scale.
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Score

Lactobacillus

Gardnerella

Curved bacteria

Morphotype

Morphotype

Morphotype

/Vision field

/Vision field

/Vision field

0

>30

0

0

1

5—30

<1

1—5

2

1—4

1—4

>5

3

<1

5—30

4

0

>30

Scores

0-3=

Normal flora

4-6=

Intermediate flora

7-10=

BV

Table 1. The Nugent’s scoring system

The Nugent‟s scoring system has shown a high inter- and intra-observer reliability. However,
questions still remain that require discussion (Forsum et al., 2002). Forsum et al. emphasized
the need for a standardization of interpretation for the basic morphotypes that play a central
role in a diagnosis using Nugent‟s classification (Forsum et al., 2008). Moreover, the field
size of the microscope has an influence on the results (Larsson et al., 2004), which is another
issue of concern. In Nugent‟s classification, the presence of only 30 Lactobacilli/small bacteria per vision field counts, so both the area of the microscope images and the thickness of the
smear make a difference.

1.2.3.2 The Hay/Ison classification
The Hay/Ison is a classification/categorization system that is used for both Gram stained
smears and PAP-stained smears (Hay et al., 1992). In the Hay/Ison classification, vaginal flora is divided into the following three different categories: normal, intermediate, and BV. In
this classification system, an estimation of the amount of the bacterial morphotypes is not
done; instead a subjective evaluation of the relationship between the amounts of bacteria is
conducted. The field size of the microscope does not have an influence on the results (Larsson
et al., 2004).

Lactobacilli morphotypes

Gardnerella morphotypes

Normal (group 1)

Many

Few

Intermediate (group 2)

Equal amount

Equal amount

BV (group 3)

Few

Many

Table 2. The Hay/Ison classification
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1.2.3.3 The Ison/Hay classification
In the Ison/Hay classification system, the categories normal, intermediate, and BV are used;
however, the following two categories are added: 0 (relatively empty smear) and 4 (dominance of Streptococcus morphotype) (Ison et al., 2002). The categories 0 and 4 are added in an
attempt to make the categorization more true to what is observable in clinical practice, as opposed to what might be hypothesized in relation to the concept of BV. However, what can be
observed in reality must sometimes be seen as different types of entities. The Hay/Ison and
Ison/Hay classification systems can be used on slides stained with different staining methods
and also on smears with no stains.

Lactobacilli morphotypes

Gardnerella morphotypes

Group 0

None

None

Normal (group 1)

Many

Few

Intermediate (group 2)

Equal amount

Equal amount

BV (group 3)

Few

Many

Group 4 .A lot of gram

None

None

pos streptococci
Table 3. The Ison/Hay classification

1.2.4 The vaginal microbiome
Lactobacilli (Döderlein bacilli) dominate the observable microflora in the normally healthy
vagina of women of reproductive age. An altered cultivable flora arises if the number of Lactobacilli in the vaginal fluid drastically decreases or if anaerobic bacteria, normally present in
minute proportions, are overgrowing (Forsum et al., 2005). Maintenance of the normal Lactobacillus dominated vaginal flora is supposedly essential because this type of bacteria not only
occupies the epithelial surface of the vagina, but also constitutes a milieu that prevents the
intrusion of pathogens. The assumption that the dominating normal vaginal flora is comprised
of the genus Lactobacillus (the L. acidophilus complex) is based on literature describing studies using phenotypic methods for typing bacteria and on a line of reasoning about the bacterial ecology of normal niches in humans (Forsum et al., 2005). To acquire further insight
into the microbial variation of a normally occurring bacterial population in defined biological
niches, it is important to look closely at the microbiome of the particular niche. Using traditional phenotypic methods, as well as techniques targeting the 16S rRNA gene, our research
team confirmed and extended earlier studies implicating L. crispatus, L. gasseri, and L. jensenii as examples of types of vaginal Lactobacilli that normally dominate (Vasquez et al.,
2002). To this list, we added L. iners. The literature also highlighted the importance of a true
random sample to study the dominant vaginal flora in contrast to bacterial strains from culture
collections (Tärnberg et al., 2002) The early culture-based results have also been confirmed
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by other research groups. In a worldwide study of 35 strains from seven countries, most women harbored L crispatus, L jensenii, and L gasseri (Pavlova et al., 2002).

However, some problematic issues arise concerning the selection of strains used for many
culture-based studies. Many studies were performed on laboratory strains or without stating
the origin of the sample. A common problem with studies using cultured strains is that the
study design does not define the bacterial strains in the vaginal samples as normal according
to Amsel‟s criteria or Nugent‟s classification. As a result, it is not known whether or not the
woman had a normal vaginal status. Such studies are intrinsically difficult to comment on or
to compare against studies of normally occurring vaginal Lactobacilli and BV studies, based
on Amsel‟s criteria and/or Nugent‟s scoring systems.

Recently, a new level of detailed description of the vaginal microbiome has been attained using quantitative, real-time, PCR targeting key bacterial genomes, DNA-DNA checker-board
hybridization techniques, pyrosequencing, fluorescence in situ hybridization (FISH), and microarray analysis of bacterial DNA-clones from vaginal fluid and discharge. (Fredricks et al.,
2007; Nikolaitchouk et al., 2008; Ling et al., 2010; Ravel et al., 2010; Srinivasan et al., 2010;
Zozaya-Hinchliffe et al., 2010; Dols et al., 2011; Fredricks, 2011; Lamont et al., 2011). Using
these techniques, several research groups have shown that Atopobium, Dialister, Leptotrichia,
Megasphaera, and Sneathia species commonly occur in vaginal secretions. The microbiome
is also highly variable over time and dependent on the population of women included in the
studies. However, the molecular biology studies of the vaginal microbiome also confirm that
L. crispatus, L. gasseri, L. jensenii, and L. iners are the Lactobacilli that normally dominate
the vaginal secretions of women of childbearing age. The level of detail in the phylotypes and
the measure of the relative abundance achieved using these molecular biology techniques
adds much to the description of the vaginal bacterial flora under a variety of clinical conditions, not the least of which are temporal variations of the flora. From a laboratory diagnostic
view, it is intrinsically difficult to comment on many of these studies or to compare them with
existing treatments and laboratory diagnosis studies since Amsel‟s criteria and Nugent‟s scoring are the “gold standard” for BV and those criteria are often not used in an appropriate way
in vaginal microbiome studies that utilize molecular biology methods. Therefore, as a disease
entity that is well defined in a metaphysical sense (not relying on a scoring system), BV remains as elusive as ever.

1.2.5 Molecular diagnostics of BV using a validated method
Based on the research discussed in the preceding paragraph, attempts have been made to devise molecular techniques based on methods for BV (Menard et al., 2008; Menard et al.,
2010). Accepting only original Amsel/Nugent criteria applied to populations of women that
are susceptible to BV, Menard et al. were able to achieve excellent specificity and sensitivity
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in a quantitative real-time PCR assay. Considering the fact that a Nugent‟s score is a modification of the original Spiegel
method, introduced in 1983, it can be concluded that the method used by Menard is undoubtedly the most validated method for laboratory diagnosis of BV.
In addition, in the future, many new molecular biology based techniques can be expected to
change the way medical laboratories analyze BV samples. The development of a new generation of DNA techniques (i.e pyrosequencing), matrix assisted laser desorption/ ionization(
MALDI) mass spectrometry technique, DNA array technique and thin layer sensor technique
are the most promising. This will without doubt make future diagnosis of BV and normal vaginal flora more precise and, indeed very interesting.
FISH analysis of vaginal smears, smears of desquamated cells from the urine of women with
or without BV, and from male partners‟ urine show that a biofilm of Gardnerella morphotype
occurs in the urine of women with BV and their male partners. This high resolution of FISH
can thus be used to study the possible role of biofilms in transmission and treatment failures
of BV (Swidsinski et al., 2005; Swidsinski et al., 2010).

1.2.6 Other methods
Spiegel et al. used gas-liquid chromatography of vaginal washings to show that women with
BV have abnormal vaginal acids (Spiegel et al., 1980). A succinate: lactate ratio >0.4 correlates with the presence of BV. However, this method requires a relatively large number of
vaginal washings for analysis. Thin-layer-chromatography was introduced by Chen et al. In
this method, only 2 milliliters of sterile water is mixed with the vaginal secretions, enabling
the determination of the amines putrescine and cadaverine (Chen et al., 1982). In conjunction
with trimethylamine (TMA), these amines could be responsible for the positive sniff test. The
use of methods for amine detection that promise specificity and sensitivity results for BV diagnosis has been achieved (Chen et al., 1982; Wolrath et al., 2001; Wolrath et al., 2002; Wolrath et al., 2005).
However, when Thomason et al. used the same methods, they found a sensitivity of only 54%
and a specificity of 94% (Thomason et al., 1988). In this study, the use of prolineaminopeptidase activity was proposed instead. For this, the vaginal specimen is inoculated
into micro-titer tray wells containing an enzyme substrate. The sensitivity of this test was 81%
and the specificity was 96%. The reason for the increased proline-aminopeptidase activity in
patients with BV is unclear. Some bacteria, associated with BV, such as the Mobiluncus species, produce proline-aminopeptidase in vitro, but some Lactobacillus strains also produce
proline-aminopeptidase Therefore, the authors conclude that both the number of bacteria and
the type of vaginal flora could cause this difference.
Several commercial test kits have been developed based on the Amsel‟s clinical criteria, pH,
and the sniff test criteria. They are marketed as a readily available POCT-test. However, none
of these tests are used very widely (Table 4).
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Amsel’s Criteria

Test

Tested Substance

pH

Careplan Vaginal pH

pH

Vi-SENSE

pH

pH Glove

pH

FemExam

pH + TMA

QuickVue Advance

pH + Amintest

Electronic Nose
Pipactiviity test card
BV Blue

TMA
Aminopeptidase
Sialidase activity test

Whiff/sniff test

Table 4. Different commercially available diagnostic tests, based on Amsel’s clinical criteria

1.3 Prevalence of BV
BV is one of the most frequently occurring vaginal disorders. The frequency is reported to be
3.6% to 40%, across different populations (Forsum et al., 2005) and is observed in many types
of clinics, in primary care units, in STD clinics, and in abortion clinics. Different categories of
patients have been studied, including pregnant women, abortion patients, and sex workers
(Larsson et al., 2005a).
Most studies have been conducted using a population selected from a gynecological clinic or
an STD clinic. Therefore, research on a healthy population is difficult to find even in population-based studies (Morris et al., 2001; Allsworth et al., 2008).
In 2006, Ness et al, followed 1,193 women for three years with an interval of three to six
months and noted the development of BV in 20 % of the women that had not previously contracted BV. Among women with initially normal flora, factors associated with BV were black
race, lower education, a history of BV, a history of chlamydial/gonococcal cervicitis, and lack
of monogamy (Ness et al., 2006).

1.4 Treatment
Treatment of BV is difficult for several reasons, the most compelling of which is that clinical
cure, after various treatment regimes, is not universally successful (Oduyebo et al.,
2009;Senok et al., 2009). The reported four-week cure rates vary between 60-70% and recurrence rates are high (Larsson et al., 2005b). Thus, treatment failures continue to haunt both
BV patients and their doctors. The plethora of metronidazole, tinidazole, and clindamycin
preparations used for eradication of the BV-associated flora includes tablets, vaginal cream,
vaginal pills, vaginal gels, topical slow-release cream, and oral tablets, but systematic studies
of the optimal preparation for delivery of the drug are lacking (Senok et al., 2009).
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1.4.1 Metronidazole
1.4.1.1 Oral metronidazole
When Pheifer et al. introduced metronidazole in the treatment of BV, a new era began. The
treatment results were reported to be very high, with 99% of the patients being cured (Pheifer
et al., 1978) after one week. Since then, several treatment studies have been published. BV is
not caused by one single infectious agent and eradication of the responsible putative agent
cannot be easily measured in treatment studies, making evaluation of treatment difficult. In
open studies, as opposed to double-blind studies, a cure rate of 82%, after a four week course
of treatment, has been reported. However, in double-blind studies, the cure rates are considerably lower and very few treatment studies exists that compare metronidazole with a placebo
(Table 5) (Larsson. et al., 2005b).

%

Cured
Patients

Total
Patients

Double-blind vs. Placebo 7-10-day

28

39

72%

Double-blind/single 7-day

71

87

88%

Double-blind/single 1-day

55

102

54%

154

228

67.5%

Total:

Table 5. The cumulative cure rate of all blind-treatment studies with metronidazole (Larsson et al.,
2005b)

1.4.1.2. Vaginal metronidazole
At present, only six published studies have examined treatment with metronidazole gel, all of
which show a cure rate of 65% after a follow-up time of four weeks. In the first of these studies, treatment was given twice daily. These studies are not fully comparable with the clindamycin therapy studies since the cure criteria in the two treatments differ. The cure benchmark
for the metronidazole gel studies is that 20% of the observed epithelial cells should be clue
cells and only one of the Amsel‟s clinical criteria should be present (Larsson et al., 2005b).

1.4.2 Clindamycin
In 1988, Graves published a treatment study with oral clindamycin that demonstrated a treatment of 300 mg twice a day to be as safe and effective as a metronidazole regimen (Greaves
et al., 1988). Following this, vaginal clindamycin was introduced as a BV treatment with
more or less the same four week cure rate. Ten published studies, all placebo-controlled, describe a regimen of clindamycin cream for treating BV (Table 6). However, all 10 studies
used somewhat different diagnostic criteria. Diagnosis and cure verification is based on three
of the Amsel‟s clinical criteria: pH 4.5, positive whiff test, and clue cells seen on microscopic
examination. BV is considered as improved if one of the three criteria that is scored upon va-

11

Introduction
nishes, but cure is claimed only when none of the criteria are present. With a follow-up period
of four weeks, 73.4% of the cases were considered improved and 53% completely cured.
The only microbiology-based study on the effect of clindamycin on vaginal Lactobacilli indicates that clindamycin is effective in eliminating BV-associated flora (Hillier S. et al., 1990).
Clindamycin affects the entire vaginal flora, including the vaginal Lactobacilli. It is debatable
whether or not that is favorable with regard to long-term treatment results. Furthermore, it is
also debatable whether any phenotypes of Lactobacilli are better able to protect against BV
flora (Senok et al., 2009). Eradicating both the BV-associated flora and the putative ineffective Lactobacilli in the vagina could make it possible to re-colonize the vaginal ecosystem
with new, effective Lactobacilli.

Improved (1 of 3 criteria)

Cured ( 0 of 3 criteria)

(n)

%

(n)

%

Livengood-90

14

86 %

13

62%

Hillier-90

16

94%

Schmidt-92

19

74%

19

58%

Andres-92

21

81%

21

72%

Stein-93

60

75%

60

37%

Fischbach-93

141

73%

141

55%

Dhar-94

18

78%

18

67%

Ahmed-95 (3 d)

52

65%

52

64%

180

48%

504

53.4%

Sobel-2001
McCormack-2001
Total

79

70%

420

73.4%

Table 6. Treatment studies using vaginal clindamycin cream (Larsson et al., 2005b)

Clindamycin may be administered in a variety of ways, including vaginal cream and vaginal
ovules (Sobel et al., 2001). The treatment with vaginal ovules is only for 3 day and is not better than for 7 days of vaginal cream. A slow release vaginal cream (Faro et al., 2005) offers a
newer form of administration.

1.4.3 Probiotics
In view of the fact that BV is characterized by a lack of, or very few, Lactobacilli and high
numbers of mostly anaerobic bacteria, another obvious treatment modality would be eradication of the BV-associated bacterial flora followed by vaginal reintroduction of Lactobacilli.
However, published studies to date have reported that this approach has not been entirely successful. Despite the acceptable primary treatment outcome, recurrence rates are high (Senok
et al., 2009.).
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Probiotic treatment is used in different ways. The idea to implant Lactobacilli that protect
from BV was not fully successful at first (Reid et al., 2001). However, in 2006, Anukam
noted that, after a one week of metronidazole treatment supplementation with Lactobacilli, a
cure rate of 100%, based on Nugent‟s criteria, was observed after 30 days. This extremely
high cure rate has not been seen in any other studies. In the placebo treated group, the 30 day
cure rate was 70%,a result not reported by any other research group so far (Anukam K et al.,
2006a). In a second study, treatment of BV with Lactobacilli intra-vaginally for five days, as
compared to metronidazole gel for five days, resulted in a 30-day cure rate of 55% for the
probiotic-treated women and 33% for the metronidazole-treated women. Interestingly, in
these studies that used the same diagnostic criteria, the cure rate in the placebo group in the
first study was 70%; however, in the second study, using the same set of women (in Nigeria)
with the same diagnosis and the same follow-up procedures, the cure rate was only 33%. Even
more interesting is that, on day six, i.e., the day after treatment, only 55% of the metronidazole group were cured. In all other published studies that report a cure on day eight (the day
after the seven-day treatment had been completed) a cure rate of more or less 100% has been
reported if the patient had taken the medicine correctly (Anukam et al., 2006b). In 2008, Larsson et al. described a 65%, six-month cure rate for patients who had received an additional
probiotic treatment over the course of three months, after receiving the traditional clindamycin treatment, when compared to the placebo cure rate, which was 46% (Larsson et al., 2008).
Marcone et al. have carried out adjuvant treatment with Lactobacilli following treatment with
oral metronidazole for seven days (Marcone et al., 2008; Marcone et al., 2010). The cure rate
at six and 12 months was high (>80%). However, the cure rate in women receiving the traditional treatment with metronidazole only was also much higher (approximately 70%) than the
cure rate previously reported in other studies (less than 36%) (Bradshaw et al., 2006) (Sobel et
al., 2006). In this study, the definition of cure was not based on Nugent‟s or Hay/Ison‟s scoring and only women who used natural methods of contraception were included, making it
difficult to compare the findings with other studies. The women selected in that study were
probably engaged in a more stable relationship and less prone to partner changes and relapses
of BV.
Taken together, probiotics in oral or vaginal preparations have not been demonstrated as successful in preventing BV. Hence, there is a need for thorough studies of the properties of the
bacteria to be used in these preparations as well as elucidation of the vaginal microbiome dynamics before robust treatment modalities can be developed (Abad et al., 2009).

1.4.4 Other treatments
Antiseptics, including commercial formulas applied with the goal of eradicating vaginal flora,
are numerous. Antiseptics have a very broad spectrum as they act nonspecifically on the microbe to affect the cell wall or cause membrane disruption. Problems with antimicrobial resistance are not described with these agents and antiseptics are considered safe for mucosal application. Types of commonly used antiseptics include benzydamine, chlorhexidine, dequalinium chloride, polyhexamethylene biguanide, povidone-iodine, and hydrogen peroxide. The
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antiseptics are administered as vaginal ovules, bioadhesive gels, and loaded pessaries (Verstraelen et al., 2009). However, to date, commercial antiseptic formulas have not been reported to be effective in preventing or curing BV in well-controlled studies.

1.4.5 Long-term follow-up
Many treatment studies of BV report cure rates of 90%, but such a high cure rate is not seen
in clinical practice. Because diagnostic tests for BV are subjective, one can question a cure
rate of higher than 70% after one month. Based on a meta-analysis, a four-week cure rate is
never better than 60% (Larsson et al., 2005b). Most studies report a two-week or four-week
cure rate and very few studies report a follow-up of longer than four weeks. Sobel (Sobel et
al., 2006) reported on a treatment study in which 88% of the women, who clinically responded to a ten-day treatment with 0.75% metronidazole gel, were randomly assigned to receive
either metronidazole or a placebo, twice weekly for four months. Three months after cessation
of treatment, the cure rate was 49% in the treatment group and 25% in the placebo group. In
another follow-up study from Australia, only 31% of participants had a Nugent‟s score of less
than 3 one year after therapy with oral metronidazole for one week (Bradshaw et al., 2006).
Recurrence rates for BV beyond 12 months have been reported in very few studies. In one of
these studies, non-pregnant women were treated with oral metronidazole for 10 days. The
patients were treated until they were cured, as determined at a follow-up visit. In some patients, the metronidazole treatment had to be repeated up to three times before they were determined to be cured. Outpatient attendance was retrospectively reviewed, and a six-year follow-up revealed a cumulative recurrence rate of BV of 53%, in which 73% of the recurrences
had occurred within 12 months, i.e., an overall 12-month cure rate of 63%; however, this percentage is only based on the recurrence in cured patients (Boris et al., 1997).

1.4.6 Recurrent BV, relapse, antimicrobial resistance, re-infection, and biofilm
formation
Since the treatment results for BV, to date, are not very encouraging, new pathophysiological
models and treatments must be sought. Our knowledge about the recurrence of BV, the reasons for relapse, the problems associated with antimicrobial resistance, the possible role of reinfection, and biofilm formation is fragmentary. Thus, all of these topics need to be studied in
greater depth.
Recurrent BV is troublesome and there are few published studies examining how to handle
recurrent BV (Cook et al., 1992; Winceslaus et al., 1996; Hay, 2000; Wilson, 2004; Wilson et
al., 2005). Women are often ex juvantibus, given a treatment similar to the treatment used for
chronic vulvovaginal candida infection (Sobel, 2007).
In a study by Beigi, the baseline resistance (before treatment) for clindamycin was 16% of the
analyzed 384 anaerobic isolates. After clindamycin or metrinodazole treatment, irrespective
of treatment, 59% of the strains showed resistance. With regard to metronidazole resistance,
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the study cited only six isolates (before and after treatment) out of the 1059 study participants
and found no increase in resistance after treatment (Beigi et al., 2004). In another study also
based on cultivation from swabs from BV and intermediate patients, the baseline antimicrobial resistance and the increase in antimicrobial resistance of metronidazole were negligible, but
both the baseline antimicrobial resistance and the increase in antimicrobial resistance for clindamycin after clindamycin treatment were remarkable. However, the baseline antimicrobial
resistance and the increase in antimicrobial resistance for clindamycin after metronidazol
were at the same level (Austin et al., 2005).
Klare et al. tested 12 Lactobacilli species from human and animal isolates as well as from
isolates used in probiotic and nutritional research. Their findings showed that both clindamycin resistance for both L. crispatus and L. jonsonii exist. In this paper, L. iners was not tested
and the strains were not tested against metroninidazole (Klare et al., 2007).
The situation is made even more complex by the discovery of a dense biofilm on the vagina,
consisting of G. vaginalis and A. vaginae. The bacteria in the biofilm might temporarily
switch to a metabolically latent state during metronidazole treatment and then return to an
active state after treatment cessation (Swidsinski et al., 2005; Swidsinski et al., 2008).
1.4.7.1 Partner treatment
Verstraelen et al. have reviewed the epidemiology of BV in relation to sexual behavior and
concluded that STDs or SEDs (sexually enhanced diseases) and frequency of intercourse are
critical factors in acquiring BV (Verstraelen, 2008). According to published studies, there is
no evidence that partner treatment is efficacious (Potter, 1999). In this regard, the
Scandinavian studies by Vejtorp (Vejtorp et al., 1988) and Moi (Moi et al., 1989) are the most
often quoted studies. In these studies, the authors administered 2 grams of either
metronidazole or placebo at day 1 and day 3 to both the female and the male. They reported
cure rates of 75-77% regardless of whether or not the partner was treated. Both studies were
carried out at an STD clinic and none of the studies controlled for any new partners during the
follow-up period. This treatment regimen of metronidazole (2 grams on day 1 and day 3) has
been used worldwide, but it has never been evaluated in a placebo-controlled study. Three
other studies have reported a tendency towards a better cure rate if the partner was treated
(Swedberg et al., 1985; Heikkinen et al., 1989; Mengel et al., 1989). The only study that used
clindamycin reported a 10%, non-significant, increase in cure rate after treating the partner
with oral clindamycin (Colli et al., 1997).
Baeten‟s study supports the idea of BV as a sexually transmitted disease, since condom use
protected against BV (Baeten et al., 2001). In a treatment study, Swidinski et al. showed that
biofilm on desquamated epithelial cells in urine exists in both male and female partners in
cases of BV before and after treatment (Swidsinski et al., 2008). The critical review of the
literature reveals no evidence that partner treatment is useful, possibly due to the biofilms.
However, a review of the literature also gives new indications supporting the idea of BV as a
STD. Fethers et al. have shown in an extensive questionnaire study that there is a strong
association between sexual behavior and BV (Fethers et al., 2008). Moreover, Larsson et al.
has recently reported that if the women had a new partner during the follow-up period, the 24-

15

Introduction
month cure rate was only 33%, compared with 73% if she had the same partner (Larsson et
al., 2011). More studies need to be conducted on this topic.

1.5 The risks of BV
Repeated studies have shown the entire spectrum of obstetric complications and adverse
pregnancy outcome due to bacterial vaginosis including early miscarriage, recurrent abortions, late miscarriage, spontaneous preterm birth, preterm labor rupture of membranes
(PROM), and spontaneous preterm labor. Additionally, BV is described in association with
complications after surgery, such as postoperative infections and post-abortion endometritis.
BV is also associated with infections, such as pelvic inflammatory disease (PID) and sexually
transmitted diseases (Larsson et al., 2005a). Preterm birth prior to 37 completed weeks of gestation is an important cause of perinatal mortality and is responsible for about half of all perinatal morbidity. The earlier the birth, the higher the risk of mortality or permanent sequele. In
Sweden, three-quarters of preterm deliveries are spontaneous births, as opposed to induced or
iatrogenic preterm births. Infection in the amniotic fluid is a significant cause of both preterm
birth and late miscarriage and this infection has its highest incidence between 22 and 28 gestational weeks, declining thereafter. For nearly 15 years, the correlation between bacterial vaginosis (BV) and the incidence of late miscarriage and spontaneous preterm birth has been studied. A meta-analysis analyzing 20,232 patients indicated that BV is associated with a twofold increase in the risk of spontaneous preterm birth; (OR 2.19, 95% CI 1.54–3.12) (Leitich
et al., 2003a).
Many studies have explored a variety of treatments options that could be used to reduce the
risk of spontaneous preterm birth associated with BV. Seventeen studies have been published
examining BV treatment and twenty-one studies have focused on meta-analyses. A Cochrane
systematic review failed to show any benefit from treatment, but three subsequent treatment
studies with clindamycin reported that BV treatment reduces the incidence of spontaneous
preterm birth (McDonald et al., 2007). However, in modern practice, delivery prior to 37
completed weeks, but after 33 weeks, does not present a significant clinical issue. Preterm
delivery before 33 weeks is rare and, with frequencies of less than 1%, it is difficult to study.
The use of week 37 as a marker for the definition of preterm delivery is somewhat outdated.
Currently, most clinicians will not intervene if patients are above the 34 week mark. The earlier that abnormal vaginal flora is diagnosed in the pregnancy the greater is the risk of an adverse pregnancy outcome, even if the abnormal vaginal flora resolves. This suggests that the
damage caused by the infection/inflammation persists during the pregnancy (Leitich et al.,
2003b).

1.6 Differential diagnosis
1.6.1 Aerobic vaginitis
Donders and co-workers suggests that BV, diagnosed using scoring systems such as Nugent‟s
criteria, should be included in the category of other diseases/syndromes not related to BV, and
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should be called aerobic vaginitis. (Donders et al.,2002) Donders and co-workers further suggests that the intermediate group, based on Nugent‟s scoring and Gram stain testing, is an
example of aerobic vaginitis. According to the definition given by Donders, aerobic vaginitis
contains an anaerobe flora that is distinct from BV. The symptoms and signs of aerobic vaginitis, as defined by Donders, are also different from the symptoms and signs of BV, and include a red and inflamed vagina, a yellow discharge, an odor that is not fishy, and a pH, >6,
which is higher than the pH seen in BV. Microscopy would reveal a lack of Lactobacilli, parabasal cells, inflammatory cells, and coccoid-looking bacteria. In fact, aerobic vaginitis
seems to resemble epithelial atrophy. Thus far, no consensus has been reached regarding the
existence of aerobic vaginitis and disagreements exist on the significance of the diagnosis.
However, other authors have voiced concerns that, based on Nugent‟s criteria, examinations
of the intermediate group represent true BV cases as well as cases of altered vaginal flora or
aerobic vaginitis. (Forsum et al., 2002; Ison et al., 2002). Further elucidation of this possibility seems warranted. (Donders et al., 2002; Bukhari et al., 2010).

1.6.2 Atrophic vaginitis
By definition, bacterial vaginosis can be diagnosed in fertile women only. Parabasal cells are
pathognomonic for atrophy (Forsum et al., 2002). Atrophic vaginitis can be successfully
treated and possible new modalities of treatment are currently under development: Lower
doses of existing formulations have proven to be efficacious (estradiol). The use of estrogen
agonists/antagonists and intravaginal dehydroepiandrosterone (DHEA),topical moisturizers
and lubricants (Replens, vitamin E), can also be used while the tissue is healing (Ibe et al.,
2010). Other causes of atrophy can be postpartum, lactation, and peri- and post menopause
leading to atrophic changes that cause a plethora of symptoms such as burning, pressure, itching, soreness, dryness, a clear, thin and/or bloody malodorous discharge. Other factors predisposing to atrophic changes include chemo- and radiation therapy and anti-estrogen medications and even oral combined preventive pills with progestagen domination (Amsel et al.,
1983; Hillier, 2008).

1.6.3 Altered vaginal flora
The concept of altered flora has been used to define a condition that depends on an altered
flora, but is from a pathopysiological point of view not BV. The assumption that this condition exists is mainly based on microscopy and identification of bacterial morphotypes. To
date, the term “altered vaginal flora” has not gained wide acceptance (Forsum et al., 2002;
Ison et al., 2002).
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2 The Studies
2.1 Aims
The aim of this thesis is to validate the method of PAP-stained smear in BV diagnosis, demonstrate the frequency of BV on the Åland Islands, and to use controlled studies to evaluate
presently suggested treatment modalities using combinations of probiotic Lactobacilli and
antibiotics.

2.1.1 The hypothesis:


PAP-stained smears and Gram-stained smears and diagnoses based on Amsel‟s clinical criteria are interchangeable methods that can be used to diagnose BV.

 It is of possible value to use archived PAP-stained vaginal smears, collected for cervical cancer screening, for retrospective studies of BV.
 Archived PAP-stained vaginal smears can be used to follow the frequency of BV, longitudinally, for fifteen years in the same individual.
 BV can exist for a long time in the same individual.
 The frequency of BV is declining on the Åland Islands.
 Adjuvant treatment with probiotic Lactobacilli in vaginal tampons can improve the results of BV treatment.
 Clindamycin can be detected in vaginal secretions several days after treatment and
might interfere with probiotic Lactobacilli colonization.

2.1.2 The specific aim
2.1.2.1 Paper I
The argument about the usefulness of PAP-stained slides in scoring for BV described above
encouraged us to conduct this validation study. Indeed, there is a need for a thorough validation study to compare the PAP-stain procedure and scoring to one or both of the gold standards. The aim in this study was to validate the use of PAP-stained smears in the diagnosis of
BV. Slides from the international BV00 workshop were used.
2.1.2.2 Paper II
The aim of the study was to show the prevalence of BV in the population living on the Åland
Islands, Finland.
2.1.2.3 Paper III
The aim was to study whether adjuvant Lactobacilli treatment, after a conventional open
treatment with clindamycin, has an improved cure rate compared to the use of conventional
treatment only.
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2.1.2.4 Paper IV
The aim of this study was to evaluate the vaginal concentration of clindamycin in 12 women
in order to furnish data on the level of clindamycin that can be found in the vagina over time
after intra-vaginal delivery of the drug.

2.2 Materials & Methods
2.2.1 Paper I
Due to the background we discussed earlier, we decided to study the use of a classification
system for PAP-stained smears, which would make it possible to conduct studies on retrospective material. Therefore, a validation study had to be done. The slides in the BV00 workshop contained samples that were collected from different participants in the workshop at sites
in the U.S., Europe, and Australia from patients seeking treatment for lower genital complaints. For the purpose of this study/workshop, all participating patients, who contributed
samples for the slides, had been diagnosed with BV according to Amsel‟s clinical criteria
(Forsum et al., 2002). All workshop slides including the Gram-stained and rehydrated airdried smears were scored according to the Nugent scoring classification. These slides were
PAP-stained and independently analyzed by four investigators under a phase contrast microscope. Ninety-nine of the slides examined were PAP-stained. The slides used in this analysis
were also independently analyzed by all four investigators without any single investigator
knowing the results observed by any other investigator or the diagnosis or history of the patient. The results obtained from the four investigators who examined the PAP-stained smears
were compared using the kappa coefficient. For the purpose of this study, the use of PAPstained vaginal smears for the diagnosis of BV was compared to the clinical criteria based
upon Amsel‟s clinical criteria, Nugent scoring of Gram-stained smears, and the scoring of
rehydrated wet smears.
Participants in the international workshop collected 20 smears each with 4 slides per patients.
These slides were then Gram stained and placed into 3 different boxes. The boxes were then
sent around the world so that everyone in the workshop could investigate all the slides. However, due to some methodological problems, some slides had to be re-used to Gram-staining
making it possible to stain only 99 with both Gram, air dried wet smear, and PAP.

2.2.2 Paper II
Based on the knowledge we gained in study II, we decided to study the prevalence in Åland in
existing biobanks. In this study, we examined PAP-stained smears from the Åland screening
program for cervical cancer. In this program, the women on the Åland Islands in Finland are
invited to a screening for cervical cancer with a PAP-stained vaginal smear every 5 years.
Every year, women who are 20, 25, 30, 35, 40, 45, 50, 55, and 60 years of age are selected to
participate. In Finland, the tradition of cervical cancer screening is well accepted and many
women expect to take part in the screening program. About 60–70% of the women invited to
take part in the healthcare screening program accept. The diagnosis of BV was made based on
PAP-stained smears using the classification according to Nugent (Nugent et al., 1991). In the
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study described above, the method was validated against Amsel‟s clinical criteria and Nugent‟s classification of Gram stained smear evaluations. The PAP-stained smears, from the
1993, 1998, 2003, and 2008 cervical cancer screening programs, respectively were used. We
studied 3,592 slides taken during the four years, and only 43 slides were lost to follow-up.

1993

1998

2003

2008

1382

1416

1504

1494

864

897

903

928

Samples
examined

864

897

903

885

Nugent score
graded slides

819

824

790

771

Invited to
screening
Samples
taken

Investigated all 4 times

271

Figure 1. Flow chart of women attending the cervical cancer screening program on the Åland Islands

The results of this study are shown as normal, intermediate, or BV according to Nugent classification, but the calculation of the intermediate slides is added to the normal slides (normal/intermediate).

Figure 2. The PAP strained smears are stored in a box and one of the microscopic glasses with the
different portions of: cervix, portio, and vaginal
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2.2.3 Paper III
A pilot study, including 16 patients, was initially carried out at two centers. In the pilot study,
we tested the feasibility of using self-taken samples for monitoring as well as treatment. A
total of 15 patients were eligible in the study. 5 out of 7 patients (71%) that were treated with
Lactobacilli tampons were cured, compared to 4 out of 8 (50%) in the placebo group(Amsel).
This is a difference in cure rate of nearly 20% and since the expected four-week cures, after
conventional treatment of bacterial vaginosis, are only 60%, we designed the study in an attempt to improve the cure rate by adding the probiotic Lactobacilli in a prospective doubleblind placebo controlled study. Randomization was performed in blocks of 10. 12 centers
were involved in the study and 255 patients were included in the study. A total of 187 women
were included in the per-protocol analysis. Women with BV, as defined by Amsel‟s clinical
criteria (Amsel et al., 1983), were included in the study and treated with clindamycin ovules.
Vaginal smears were collected and analyzed according to Nugent‟s criteria(Nugent et al.,
1991). During the following menstruation period, the women used either Lactobacilliprepared tampons or placebo tampons as an adjuvant treatment. The Lactobacilli tampons
were loaded with a mixture of freeze dried, L. fermentum, L. casei var rhamnosus, and L. gasseri. The Lactobacilli were originally isolated from the healthy women, cultured, and further
processed industrially. The cure rate was recorded after the second menstruation period, either
as a cure defined by Amsel‟s clinical criteria, or as a cure defined by Nugent. According to
Amsel, a woman could be considered cured if none of the Amsel criteria were present. To be
considered as cured according to Nugent, the patient had to have a Nugent‟s score of less than
four.

BV
Dalacin ovules 3 days
Lactobacilli tampons

Placebo tampons

normal tampons

normal tampons

Efficacy analysis
Figure 3. Flowchart paper III
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2.2.4 Paper IV
In this paper, the study population was a convenient sample of 12 patients (37-52 years of
age) living and working on mainland Åland, recruited from a private gynecologist‟s clinic in
Mariehamn, the Åland Islands, Finland. The patients volunteered to participate in the study in
which they were treated with the currently accepted treatment of 40g of clindamycin/5g every
night, for seven days.
The participants were examined five times between two menstrual periods, as follows: at the
beginning before treatment, the day after treatment was competed, and three, five, and eight
days post-treatment. The samples were taken from the posterior fornix and weighed using a
calibrated Mettler precision scale. The samples were stored and transported frozen to
Linköping, were they were analyzed using a modified agar diffusion method.

Day 0

Treatment for7 days
with topical clindamycin

Day 1

Figure 4. Flowchart for sampling of clindamycin samples
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2.3. Results
2.3.1 Paper I: Validation of the use of PAP-stained vaginal smears for the diagnosis of bacterial vaginosis
The diagnostic accuracy of PAP smears for diagnosis of BV had a sensitivity of 0.85 and a
specificity of 0.92 with a positive and negative predictive value of 0.84 and 0.93, respectively
(Table 7).
Investigator
1
2
3
4

Sensitivity

Specificity

PPV

NPV

0.90

0.88

0.78

0.95

0.90

0.85

0.74

0.95

0.84

0.96

0.90

0.93

0.74

0.97

0.92

0.89

Table 7. The sensitivity and specificity of the diagnosis of BV in PAP smears compared with the diagnosis of BV according to Amsel as the criterion standard PPV positive predictive value; NPV negative
predictive value

The inter-observer weighted kappa index was 0.86 for PAP-stained smears compared to 0.81
for Gram-stained smears and 0.70 for rehydrated air-dried smears, using the mean Nugent
score as the criterion standard (Table 8).

investigator

PAP-stained

Rehydrated wet smear*

Gram-stained**

1

0.871

0.450

0.730

2

0.850

0.806

0.782

3

0.912

0.833

0.893

4

0.820

mean

0.863

0.696

0.802

na = not analyzed, n=98
* 5 missing due to poor quality of the smear
** 4 missing due too to poor quality of the smear

Table 8. The weighted Kappa value for inter-observer agreement for the three different
staining methods using Nugent scoring system
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2.3.2 Paper II: Prevalence and incidence of BV based on PAP-stained smears in
the population on the Åland Islands over the course of fifteen years.
In 1993, the prevalence of BV was 16%. In 1998, the prevalence of BV was lower at 12%,
and in 2003, it had decreased to 9%. In 2008, the prevalence was also 9%. The difference in
prevalence was significant between 1993 and 2003.
The prevalence estimates in detail were: (%) of BV with 95% confidence intervals, 1993
(n=819) = 15.6 (12.3-18.9), 1998 (n=824) = 11.9 (9.0 -14.8), 2003 (n=790) = 8.7 (6.1-11.3),
2008 (n=771) = 8.6 (6.0-11.2). The confidence intervals are not overlapping indicating a significant decrease in prevalence from 1993 to 2008. A total of 271 individuals were followed
for fifteen years between 1993 and 2008.
Of the 3,549 slides, 93 could not be interpreted due to missing data, such as the omission of
the participant‟s national personal security number, the inferior quality of slides, or the lack of
a vaginal sample to investigate. Of the remaining 3,456 slides, 252 showed signs of atrophy
(7%). Of the then remaining 3,204 slides, 76% were classified as normal (Nugent score 0-3),
12% were classified as intermediate (Nugent score 4-6), and 11% were classified as BV (Nugent score 7-10). Between 1993 and 1998, the prevalence of BV decreased from 16% to 9%
(Table 9).

Year

1993

1998

2003

2008

n=864

n=897

n=903

n=885

n
Normal

%

n

%

n

%

n

%

606

74.0

583

70.8

639

80.9

630

81.7

85

10.4

143

17.3

82

10.4

75

9.7

BV

128

15.6

98

11.9

69

8.7

66

8.6

Total

819

100.0

824

100.0

790

Intermediate

Atrophy
BV% of total

17

35
14.8

100.0

95
10.9

771

100.0

105
7.6

7.4

Table 9. The prevalence of BV on Åland Island, diagnosed by Nugent scores. Slides with atrophy are
not included in this calculation, but their numbers are given in the table to enable the findings to be
compared to those findings presented in other published studies.
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Figure 5 The PAP-stained smears are a) normal and b) BV with phase contrast microscope at 400
magnification. The Gram-stained smears are c) normal and d) BV at1000 magnification.

During this time period, the size of the intermediate group varied from 17.3% to 9.7%, and
the frequency of atrophy also increased from 2% to 12%. The prevalence of BV in the different age groups is shown in Figure 6. The prevalence was greater in 1993, especially in the 45
and 50 age groups. After five years, the greatest prevalence was found among the 55-yearolds. In 2003 and 2008, the greatest prevalence was found among the 35-year-olds. In 2003
and 2008, the differences between the age groups declined.

Figure 6. Age distributions among women with BV on the Åland Islands over a 15 year period
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The intermediate flora classification was more common among the higher age groups. For
1992, the distribution was 12% among 20-year-olds and 25-year olds and 18% among 55-year
olds; for 1998, the distribution was 10% among 20-year olds and 25-year olds and 16%
among 55-year olds; for 2003, the distribution was 6% among 25-year olds and 11% among
55-year olds; for 2008 the distribution was 6% among 25-year olds and 12% among 55-yearolds. Atrophy was more frequent among the older age groups. In 1993, 1% of participants in
the 25-year-old age group showed atrophy, and atrophy occurred in 10% of the participants in
the 50 and older age group. In 1998, atrophy was found in 1% of participants in the 25 age
group and in 11% of the participants in the 50 and older age group. In 2003, atrophy was
found in 4% of the participants in the 25-year-old and 21-year-old age group and in 7% of the
participants in the 50 and older age group. In 2008, 9% of the participants in the 25-year-old
age group and 8% of the participants in the 50 and older age group demonstrated atrophy.
It was possible to follow only 271 women on an individual basis during the entire 15 year
period. Of these, 92 (34%) had BV infections on at least one occasion. Of the 239 women
with normal/intermediate flora in 1993, 137 were shown to be normal/intermediate on all four
occasions. Of these, 239 were classified as normal/intermediate in 1993 and 50 (20.9%) individuals shifted to BV during the observation period.
As seen in Table 9, the results of this study are shown as normal, intermediate, or BV based
on Nugent‟s classification, but in that calculation the intermediate slides were added to the
normal slides (normal/intermediate).

2.3.3 Paper III: A double blind treatment study of bacterial vaginosis (BV) with
normal vaginal Lactobacilli after an open treatment with vaginal clindamycin
ovules.
No improvement in the cure rate was observed after treatment with Lactobacilli-containing
tampons for one menstruation period, compared to treatment using placebo tampons. After the
second menstruation period, the cure rates, as defined by Amsel, were 56% and 62%, respectively. The cure rates were 55% and 63%, as defined by Nugent. A difference in itching was
observed in the treatment group after treatment. Four patients in the treatment versus eight in
the control group reported itching as a symptom. While this difference is statistically significant, it could be a random result (Figure 7).
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%

Cure rate accoring to Amsel's criteria

100
90
80
70

Treatment group
60
50

placebo group

40
30
20
10
0

cured

improved

partly improved

faliure

Figure 7. Results from the treatment study showing that Lactobacilli did not improve the cure rate
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2.3.4 Paper IV: Vaginal retention of locally administered clindamycin

clindamycin 10ˉ³ g/ g

A very rapid loss of clindamycin from the vagina was noted. In three patients, a very low
amount of clindamycin was still present, five days after treatment. However, eight days after
treatment no clindamycin was found.

Figure 8. Concentration of clindamycin in vaginal fluid after the treatment period
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3 Discussion
3.1 Methodological considerations
PAP-stained smears could be useful for BV diagnosis in clinical situations. However, fluid
based screening methods for cervical cancer and HPV detection will likely make PAP smears
obsolete in the near future due to the new standards in cervical cancer screening.
However, our study shows that PAP-stained smears can be an effective instrument for BV
diagnosis in research or epidemiological studies in previously existing biobanks. In this crosssectional population study, spanning 15 years, the prevalence of BV in the female adult population of the Åland Islands declined from 15.6% to 8.6% between 1993 and 2008.
The definition of the prevalence of BV can also be questioned because BV is an entity that
may vary over time. However, prevalence is defined as a statistical concept referring to the
number of cases of a disease that are present in a particular defined population at a given time,
thus making it possible to study the prevalence of BV over time and in a meaningful way.
This study presents a serious attempt to reflect on the prevalence of BV on the Åland Islands.
Normally, the patients with confounding factors do not come to screening. However, screening for cervical cancer in Finland has a history and culture of high participation. Thus, there
are some conceivable limitations to our study. A selection bias could be noted in that it is
possible that only the healthiest women accepted the invitation to participate in the cervical
cancer-screening program, which would include women who do not need to consult a gynecologist regularly. Furthermore, public awareness of BV as a health problem can be influenced by various activities in the local society, such as news coverage and public information
campaigns. Moreover, in published papers examining the diagnosis of BV, different criteria
are applied, meaning that a comparison of prevalence could be impeded.
Incidence is defined as new cases during a designated period of time. The literature reveals
that a number of studies have attempted to described the incidence of BV. Since the condition
varies over time and the natural course is unclear, it is hard, if not impossible, to clearly define its incidence.
Defining the cure rate of BV in treatment studies has many pitfalls. In clinical studies, it is
natural to include patients according to clinical data (Amsel et al 1984), but further analysis is
often done on the basis of laboratory based criteria (Nugent on Gram stained smears).
Measuring the concentration of antibiotics in the vaginal fluid with biological methods is a
well established method, and the Metler scale is a very precise way to measure the weight of
the fluid. To eliminate the evaporization, the cover to the Eppendorf tube was closed immediately after each sampling. The detection limit in this study was 5g/g of vaginal fluid.
PAP-stain and BV diagnosis
Archived PAP-stained vaginal smears can be used to follow the frequency of BV longitudinally in a population that has been screened for cervical cancer over time. This makes it possible to study whether BV has been a constant condition for many years. However, published
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reports do not provide a consensus about the efficacy of PAP-stained smears in BV diagnostics. Therefore, this study aimed to validate the use of PAP-stained smears for the diagnosis of
BV.
PAP-staining of vaginal smears is shown to be a useful instrument for diagnosing BV compared with the Amsel‟s clinical criteria as well as with the mean Nugent score, in both Gramstained smears and rehydrated air dried smears. With regard to diagnostic accuracy, very little
difference is found among the three staining methods when the same scoring system is used to
compare the different staining methods. In many countries, PAP smears for cytopathological
diagnosis in the screening of cervical dysplasia are taken only from the ecto- and endo-cervix.
In Finland, triple sample collections are routinely taken; the locations involved include the
posterior fornix and the ecto- and endo-cervix. This might explain the controversy that has
occurred with regard to PAP-staining in the international literature (Lamont et al., 1999). Furthermore, in a later published article, Discacciati et al. showed that excellent agreement between cervical and vaginal samples can also be achieved using two different investigators and
a kappa index of 0.92 (Discacciati et al., 2006). Furthermore, a study from Pakistan identified
good diagnostic possibilities in the use of PAP-stained smears (Bukhari et al., 2010).
However, provided that the samples are taken from equivalent locations (the vaginal fornix)
and analyzed according to the same scoring criteria, no discernable difference in the diagnostic accuracy of the different smear-staining methods can be found. The PAP-stained vaginal
smears can thus be used as a wholly adequate alternative to Gram-stained smears for BV diagnosis.
This study also shows that it is possible to validate the introduction of a new investigator into
an investigation, if he/she works with the same kappa index as the other investigators. The
study shows that PAP-stained smears can be an effective instrument for BV diagnosis in research or epidemiology studies of previously existing biobanks, which has been recently
shown in the Donders study on archived PAP-stained smears at IUD-users and BV (Donders
et al., 2011b).

3.2 BV, atrophy, and age
The prevalence of BV in the Åland Islands declined from 15.6% to 8.6% from 1993 to 2008.
The decline is most noticeable during the first 10 years of the study period as compared to the
overall fifteen-year study period. The decreased BV prevalence was significant between 1993
and 2008, but there is also a trend of continual decline year by year.
A higher prevalence of BV among older women had been reported earlier (Mead, 1993) but
has been questioned, at least for pregnant patients (Larsson et al., 2007). Around age 50,
many women enter the menopause and estrogen production declines. This will lower the presence of Lactobacilli and raises the patient‟s Nugent score, thus expanding the Nugent intermediate group (Eschenbach et al., 1988; Nugent et al., 1991). Thus, if the Nugent scoring is
used, women older than 50 might have a higher prevalence of the condition. Our study
showed an increase in atrophy between 1993 and 2008; during that period, a total of 252
slides with atrophy were detected. This influences the estimation of BV prevalence. Regarding this group as a „non-BV group,‟ lowers the prevalence of BV from 8.6% to 7.4% in 2008.
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In 1993, the oldest age group was the 55-year-old group, but later, women aged 60 years were
included in the screening program, which explains the increase in atrophy. Using this argument, the estimated prevalence of BV would be lower. Another factor to consider is the public‟s attitude toward hormone replacement therapy, which varies over time (Hoffmann et al.,
2005). An increase in atrophy, both in the entire population participating in this study, but
also in the younger age groups has been be noted (Donders, 2011a; Eriksson et al., 2011). For
the years 1993, 1998, and 2003, the prevalence of atrophy in women <25 years of age was 1,
2, and 4, patients, respectively (Table 10).

1993

1998

2003

2008

836

859

885

876

All atrophy

17

35

95

105

% Atrophy

2.0%

4.1%

10.7%

12.0%

163

152

139

148

1

2

4

13

0.6%

1.3%

2.9%

8.8%

163

239

387

413

15

27

84

54

% >50 years atrophy

9.2%

11.3%

21.7%

13.1%

Proportion with atrophy

6.7%

11.6%

13.3%

67.2%

Total Slides Examined

All < 25 years
< 25 years atrophy
% < 25 years atrophy
All >50 years
>50 years atrophy

p<0,001

p<0,001

p<0,05

Table 10. Percentage and proportion of women with atrophy in different age categories in the Åland
Islands from 1993–2008 (Eriksson et al., 2011)

The increase of patients < 25 with atrophy is statistically significant, but it might not be possible to draw conclusions because of the small number of patients. However, the increase in
atrophy among the >50 years of age group is clearly statistically significant. Our patients with
atrophy will, in most cases, have estrogen deficiency. The reason for the estrogen deficiency
in younger women is probably due to an increase in breast-feeding. We know that, in Nordic
countries, breast-feeding has increased in recent years and it is not uncommon for women to
breast-feed for a year. We think this phenomenon is a more possible explanation then progestagen domination in low-dose contraceptives (Donders, 2011a).
When the PAP-stained smears were examined, the age of the women was not known to the
examiner. In 1993, the high prevalence of BV among women aged 50 years can be analyzed.
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These women turned 55 year in 1998, which accounted for a high prevalence of BV, similar
to what was observed five years earlier, when the women in this age group were 50 years old.
During the next five years, that prevalence declined. If the women were still affected by BV,
it was not possible to detect it using Nugent‟s classification because many of them would
probably be post-menopausal. However, the high prevalence of BV in 1993 among the 20year-old and 25-year-old age groups was not followed by a high prevalence five years later, in
1998, when these women entered the 25-year-old and 30-year-old age groups, respectively.

3.3 Prevalence of BV
Because the screening program for cervical cancer is very well accepted among the general
public, the population on the Åland Islands regularly responds to the option to sample vaginal
flora every five years. In this study, 62% of the eligible population participated in the screening. Because the Åland Islands has a rather small population and the annual sampling concerns all women who, at any stated year, turn 20, 25, 30, 35, 40, 45, 50, 55, and 60 years of
age, a good cross-section is obtained. The women invited to the screening program are regarded as healthy, which makes it possible to study a well-defined low-risk population with
regard to BV. The prevalence of BV declined from 15.6% to 8.6% during the years 1993–
2008. The decline is most noticeable during the first 10 years of the study period compared
with the overall fifteen-year period of the study. While the decreased BV prevalence is significant between 1993 and 2008, a trend of continual decline was observed, year-by-year. The
same trend has been reported in other studies about BV prevalence in low-risk populations
(Morris et al., 2001). This might be an effect of the BV treatment as discussed before. Metronidazole can be prescribed for diseases other than BV, for example, Helicobacter pylori infection. The diagnosis (rapid test) and treatment of an H. pylori infection has become more
common on the Åland Islands since the initiation of this study (personal communication, H
Kujari University of Turku, Finland).
When analyzing the 271 women, that could be followed for 15 years, the conclusion is that
one-third of women in our study had a BV infection at least once during the 15-year period,
but the remaining two-thirds did not have a BV infection during that time period. One might
speculate that a minor portion of the population is at risk of acquiring BV. However, the reason remains unknown. We know that the prevalence of BV differs in different populations
and that it is greater in STD patients than in the pregnant population (Forsum et al., 2005)
(Larsson et al., 2005a). The frequency of STDs on the Åland Islands is low
(http://www.ktl.fi), and this study did not record whether or not the women had been treated
for BV. As BV entails considerable suffering including malodor, itching, and discharge (Amsel et al., 1983), and might lead to premature delivery (Leitich et al., 2003a), postoperative
infection (Larsson et al., 2005a), and infertility, the issue is of major importance.

3.4 Considerations in implanting new Lactobacilli
This study, with probiotic Lactobacilli-loaded tampons as an adjuvant to clindamycin treatment, failed to show any improvement in BV treatment results. One possible explanation
could be that the manufacturer had changed the production of the Lactobacilli prepared tampons so that the Lactobacilli were placed on the inside of the tampons instead of outside.
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Several trials have used probiotic treatment with varying results. A beneficial result was reported by Anukam (2006). However, the findings are contradictory since the cure rate in the
first study was 100%, 30 days after metronidazole treatment, and the cure rate in the placebo
group was 70% after 30 days (Anukam et al., 2006a). In another study, the 30 days cure rate
was 33% after the administration of metronidazole gel for five days, and the cure rate was
55% after the administration of probiotic treatment the 30-days (Anukam et al., 2006b). Both
studies used the same type of study population and the same diagnosis and follow-up.
Larsson et al described a 64.8%, six-month cure rate for additional probiotic treatment administered three months after traditional clindamycin treatment, as compared to a 46% cure rate
for the placebo group. In that study, the treatment was repeated treatment for three menstrual
periods and the result was recorded after six months (Larsson et al., 2008).
A recently published prophylactic treatment study by Ya (2010) showed a lower recurrence
rate in women with recurrent BV. All women had to be free from BV at inclusion, but had to
have a history of ≥ 2 BV episodes during the last year. The diagnosis of BV during the twomonth follow-up period was the outcome variable. That study found 15.8% and 45% recurrence rates in the treatment group and the placebo group, respectively, after two months at the
follow up visit. (Ya et al.,2010).
In a Cochrane analysis by Senok (2009), the result of the meta-analysis was not encouraging
in that the treatment results were not beneficial and the study designs were not without flaws.
Only five studies, including Paper III in this dissertation, made it to the final group of analyzed papers. Most studies were not acceptable according to the stated evidence-based rules.
According to Senok, the most common problems occurred with regard to the diagnostic modality used and the study design (Senok et al., 2009).
Several possible reasons could be suggested as to why the course of treatment in our study
failed to make any improvement, including: inadequate Lactobacilli strains, problems with
the Lactobacilli dosage, shortcomings in the technical handling of the tampons, the vaginal
mucosa on the tampons was too dry or the distance to transport the Lactobacilli was too far,
the dosage used on the tampons was inaccurate, problems occurred in the adhesion, or clindamycin or other antibiotics could have been left in the vaginal micro-environment, thereby
disturbing the supplied Lactobacilli.
To generate data on the question as to whether clindamycin remained in the vagina for some
time after conventional treatment, we conducted the study presented in Paper IV. In Study III,
clindamycin ovules were used, but in Study IV, the more frequently used clindamycin vaginal
cream was applied for seven days. The study showed a rapid disappearance of clindamycin
and no retention of clindamycin after eight days.
Furthermore, the inclusion procedure in ours and other studies that focus on probiotic treatment must be discussed, as should the cure rates that varied between the different centers. At
one center, the cure rate was 85.7 % in the Lactobacilli group. Selection bias could be an explanation for the varying cure rates at the different centers. The fact that two of the centers are
STD clinics with a different population of patients could be another explanation.
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Because the Amsel‟s clinical criteria are subjective, differences in the finding among the investigators in our study might have occurred; however, the analysis of the Gram-stained slides
with only one investigator would compensate for any local variations. With regard to the efficacy of treatment, studied in study three, the difference in cure rate changes very little between the two methods of diagnosis. The cure rate fell from 55.0% with the Nugent score to
53.8% with Amsel criteria in the Lactobacilli group and 63.2% to 61.5% in the placebo
group.
An ongoing debate exists as to whether it is possible to re-colonize the vagina and, if so,
which species of Lactobacilli is best to use (Vasquez et al., 2002). Despite numerous attempts, in different settings, with regard to probiotic treatment, probiotic adjuvant treatment,
and probiotic prophylaxis, no proper breakthrough has taken place, even if occasional articles
provide some slight hope of the possibility of re-colonization (Ehrström et al., 2010). Comparing different reports, Falagas states that even though in vitro studies have shown that specific strains of Lactobacilli inhibit the growth of the bacteria that causes BV, clinical trials,
using oral or vaginal administration of Lactobacilli, do not show the same result (Falagas et
al., 2007; Larsson et al., 2011). In the review from 2009, Abad is slightly positive with regard
to the possibility of re-colonization (Abad et al., 2009). The scientific basis for choice of Lactobacillus strain is weak, with few well conducted studies on intrinsic properties of the Lactobacillus strains to support claims of recolonization.
In the 2009, in the Cochrane report on probiotic treatment of BV, Senok et al. stated that no
conclusive evidence had been found to recommend the use of probiotics, but that larger studies are needed (Senok et al., 2009). In another 2009 Cochrane report, Oduyebo reports on
two studies that have had some success, but he does not really take a position on the issue
(Oduyebo et al., 2009).
The strains of Lactobacilli used in those studies, originally isolated from healthy women, L.
gasseri, L. casei var rhamnosus, and L. fermentum. A better result could perhaps be achieved
if L. crispatus had been included in the Lactobacilli mixture. L. crispatus is very common
among healthy women (Vasquez et al., 2002; Hillier, 2008).
It is not clear if Lactobacilli lose their capability to grow and adhere in vivo after industrial
culturing. Culturing our tampons showed a concentration of 104 Lactobacilli/tampon after one
hour. Prior to culturing, the tampons were cut up, which rendered them dissimilar to tampons
used in an in vivo setting. We required the patients to have more than four tampons, which
might have been too few, and this might have resulted in inadequate exposure time for the
Lactobacilli treatment, giving a lower number of living Lactobacilli. In an attempt to study
this, we looked specifically at the women who had used more than 15 tampons. The efficacy
did not improve. The dose of Lactobacilli we used might have been too low, even though we
calculated that pre-treatment with clindamycin would make it easier to introduce a new Lactobacilli flora. However, culturing showed that the tampons contained living Lactobacilli.
The administration form of the bacteria preparation should also be discussed. Although it
seems obvious to treat BV with vaginal Lactobacilli, perhaps a vagitory would have provided
more fluid in which to release the Lactobacilli.
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The adhesive ability of the Lactobacilli has also been questioned and this is a crucial issue.
Some studies have investigated the results of adhesive ability variables, including the type of
Lactobacilli (Larsson et al., 2011).
In Study III, the symptom of itching was the single significant parameter between the treatment group and the placebo group. We found that patients treated with Lactobacilli-prepared
tampons had significantly less subjective irritation and itching compared with women using
placebo tampons (four versus eight). Despite the occurrence in such a small number of patients, this could be a positive effect of the added Lactobacilli. It must be noted however that,
because we observed no other effects from the other parameters, this could have been merely
a coincidence. Further studies are also needed to determine whether primary candidiasis could
be treated effectively with living human Lactobacilli.
A study with this formula for treating candida has already been realized. Both BV and candida patients were selected and the study showed colonization, but no difference between the
groups in terms of clinical cure after one menstruation (Ehrström et al., 2010).

3.5 Considerations on clindamycin and vaginal flora
This study was conducted to generate data on the vaginal retention of clindamycin, over time,
when clindamycin has been administered vaginally as part of a normal BV treatment. The
intention was to provide a basis for evaluating any lingering effect of clindamycin on the vaginal flora, after cessation of treatment. Clindamycin effectively inhibits the massive growth
of anaerobic bacteria (“eradicates”) in the vaginal flora (Hillier et al., 1990). Recolonization
of the vagina with minute amounts of anaerobic bacteria, which could cause a renewed BV
episode, is possible after the treatment. It is also possible that clindamycin affects treatment
with Lactobacilli in an undesirable way in that Lactobacilli are generally susceptible to clindamycin (Klare et al., 2007). Furthermore, it may also be useful to discuss whether it is desirable to eradicate the Lactobacilli that protect against BV or if it is desirable to eradicate only
the inefficient Lactobacilli that do not protect against BV, with the intention of preventing the
recurrence of BV. However, sufficient data with firm conclusions on these putative effects
have not been published at the present time.
We found that clindamycin is rapidly eliminated in the vagina. The elimination and the presence of clindamycin in body fluids is an important factor considering the concerns about the
spread of antibiotics in the environment, in general, and the selection of antimicrobial resistance genes. The high prevalence of BV means that sizable portions of populations will be
treated and add to the selection pressure. Since clindamycin cannot be detected after a long
period of time, it does not disturb natural re-colonization, or interfere with probiotic treatment. This fact supports the theory of using a clindamycin pre-treatment before the addition
of an adjuvant treatment as well.
Since clindamycin is quickly eliminated, it is a possible hypothesis to use clindamycin before
using a probiotic preparation for re-colonization of the vagina with Lactobacilli but the treatment should be continued form more than 5 days.
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Commercial interests might also influence the use of probiotics in general. In a 2008 edition
of the journal of the Swedish Medical Association (“Läkartidningen”), Forsum raised concerns about the common trend to add different Lactobacilli into various products and then to
market these products without first conducting serious studies with the aim of improving the
treatment of, for example, BV (Forsum, 2008).
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4 Conclusions
Diagnosis of BV according to Amsel‟s clinical criteria is in concordance with criteria-based
diagnosis using PAP-stained smears. In the diagnosis of BV, PAP-stained vaginal samples are
easy to access and use at all outpatient clinics, which gives them a place in BV diagnosis. Furthermore, these samples also provide the opportunity to study archived material and could be
an effective instrument for BV diagnosis in research or epidemiology studies of previously
existing biobanks.
In the cross-sectional population study, spanning 15 years, the prevalence of BV in the female
adult population of the Åland Islands declined from 15.6% to 8.6% (16% to 9%), between
1993 and 2008.
In the treatment of BV, probiotic treatment has the potential to be successful and to make a
difference to patients suffering from BV. However, we were unable to demonstrate that Lactobacilli-loaded tampons increased the cure rate of BV.
After eight days, no clindamycin was found in the vaginal samples. It might not be effective
due to to undesired eradication of the supplied Lactobacilli to administer probiotic treatment
earlier than five days after clindamycin vaginal cream treatment has stopped.

5 Clinical implications


PAP-stained smears can be beneficial in BV diagnostics.



In the diagnosis of BV, PAP-stained vaginal samples are easy to access and use in all
outpatient clinics, which supports their place in BV diagnosis.



PAP-staining provides a good possibility for studying archived material.



The Lactobacilli-loaded tampons on the market do not improve the cure rate of BV.



Probiotic Lactobacilli treatment could be administered more than five days after the
treatment with antibiotics.

6 Future research
Molecular biology techniques for the diagnosis of BV give a new basis for studies of its pathophysiology, etiology, and natural causes. The new possibilities in BV diagnosis also offer
further options for treatment studies; in which the diagnostics are the foundation from which
to start. In the field of probiotic treatment, studies of Lactobacilli adhesion are essential.
Treatment studies with regard to other strains of Lactobacilli such as L. crispatus, instead of
L. fermentum, L. casei var rhamnosus, and L. gasseri could also be possible future directions
for research.
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Conclusions in Swedish
Kvinnor i fertil ålder kan drabbas av bakteriell vaginos (BV); ett tillstånd utan känd etiologi.
BV kännetecknas av besvärande illaluktande vaginala flytningar och klåda. En del kvinnor
med BV har inte några symtom. Ett samband mellan BV och komplikationer vid förlossning,
speciellt prematur förlossning, samt mellan BV och postoperativa infektioner verkar finnas.
BV karakteriseras vidare av att det i vaginalflora saknas laktobaciller, som anses skyddande,
och istället har anaeroba bakterier etablerat sig. BV är fortfarande en utmaning för kliniker
samt mikrobiologer som studerar dess orsak, kliniska förlopp, behandling och epidemiologi.
Förståelsen av BV kompliceras vidare av att det finns två "guldstandarder"; en klinisk, Amsels kriterier, och en för laboratoriebruk, Nugents kriterier. Dessa två stämmer inte alltid helt
överens.
Min avhandling fokuserar på olösta frågor inom epidemiologi och behandling av BV. Målet
är att finna validerade metoder för behandling av BV och beskriva förekomsten av BV i definierade populationer.
Min första studie validerar användningen av PAP-färgade utstryk som BV diagnostik. Studien
validerar PAP metoden mot Amsels kriterier och Nugent kriterier för Gram-färgade utstryk
samt validerar även olika undersökare. Studien visar att PAP-färgning av vaginala utstryk är
en bra metod i BV diagnostik. Kappa värdet är 0,86 (interobserver viktat kappa index) jämfört
med 0,81 för Gramfärgade utstryk, och 0,70 för rehydrerade lufttorkade våtutstryk med de
genomsnittliga Nugent poäng som satts av undersökarna i studien som guld standard. Detta
gör att en populationsbaserad undersökning kan utföras med hjälp av arkiverade PAP-färgade
utstryk från screeningen av livmoderhalscancer.
I den andra studien studeras förekomsten av BV i en kohort från Ålands befolkning. Förekomsten av BV på Åland är: 15,6%, 11,9%, 8,7% och 8,6% under 1993, 1998, 2003 respektive 2008. Detta innebär att förekomsten av BV minskar från 1993-2008 från 15,6 till 8,6%.
Konfidensintervallen överlappar inte varandra, vilket tyder på en betydande minskning av
prevalensen från 1993 till 2008.
I den tredje studien är avsikten är att finna validerade metoder för behandling av BV i en
prospektiv, dubbelblind placebokontrollerad multicenterstudie av BV. Efter konventionell
behandling med klindamycin, behandlas patienterna dessutom med tamponger innehållande
laktobaciller eller placebo (vanliga tamponger). Studien visade ingen skillnad mellan behandlings- och placebogruppen, d.v.s. att laktobacilltampongen inte fungerar alls. Det finns olika
möjliga förklaringar till resultatet.
Den fjärde studien syftar till att utvärdera om klindamycin är kvar under lång tid i vaginalsekretet och kan störa de laktobaciller som man försöker att reinplantera i probiotiska behandlingsstudier. Även vid konventionell behandling är det bra att veta om klindamycin kan påvisas länge, särskilt när man överväger problematiken med antibiotikaresistens. Studien visar att
klindamycin försvinner snabbt, inom 5 dagar.
Utmaningen gällande BV och dess behandling kan endast hanteras genom samordnade åtgärder inom forskning och behandling. Visionen inför framtiden inbegriper bland annat mer detaljerad molekylärbiologibaserade kunskap om bakteriefloran i definierade populationer.
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