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PREVENTION OF INFECTION

Characterisation and selection of a Lactobacillus
species to re-colonise the vagina of women with
recurrent bacterial vaginosis

NIGEL W. McLEAN* and ISOBEL J. ROSENSTEIN

Imperial College of Science, Technology and Medicine, Department of GenitoUrinary Medicine, Jefferiss
Research Trust Laboratories, Praed Street, London W2 1PG

This paper reports the results of characterising and selecting a strain of Lactobacillus
for potential use as a probiotic in regenerating the vaginal flora of women with
recurrent episodes of bacterial vaginosis (BV). BV is a condition characterised by a
depletion of vaginal lactobacilli accompanied by an overgrowth of a mixed vaginal flora
of aerobic, anaerobic and micro-aerophilic species in very large numbers. BV has been
associated with various gynaecological and obstetric complications and has an extremely
high recurrence rate, due in part to the failure to establish a normal vaginal flora after
antimicrobial therapy. A total of 60 vaginal isolates of lactobacilli was assessed for
characteristics considered important for vaginal re-colonisation. The characteristics
studied were the in-vitro inhibitory activity of the lactobacilli against bacterial species
isolated from women with recurrent BV, acid production after growth of the lactobacilli
in liquid culture, production of hydrogen peroxide (H,O,) and adhesiveness of the
lactobacilli to exfoliated vaginal epithelial cells (VEC). Four strains of lactobacilli, L.
acidophilus (61701 and 61880), L. crispatus (55730) and L. delbrueckii subsp. delbrueckii
(65407), demonstrated the greatest inhibitory activity against the BV-associated bacterial
species. Two of these isolates (55730 and 61880) produced H,0O,. All four isolates
produced a highly acidic environment after growth in liquid medium (pH <4). Only one
of these (strain 61701) was strongly adherent to VEC (>100 bacteria/VEC). A further
isolate (L. acidophilus 48101) did not demonstrate maximum inhibitory activity against
BV-associated bacteria, but was found to be a strong producer of H,O, and was also
highly adherent to VEC. Isolates 61701 and 48101 could be candidates for use as
probiotics for vaginal re-colonisation.

Introduction

Bacterial vaginosis (BV) is an infection of the female
genital tract characterised by a malodorous vaginal
discharge, high vaginal pH, a depletion of Lactoba-
cillus spp. and an overgrowth of diverse aerobic,
anaerobic and micro-aerophilic species such as Gard-
nerella vaginalis, Prevotella spp., Peptostreptococcus
spp., Mycoplasma hominis, Ureaplasma urealyticum
and Mobiluncus spp. in very large numbers [1]. The
factors that initiate the shift in the vaginal ecology are
incompletely understood. BV is widely believed to be
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the most frequently encountered vaginal infection in
medical practice [2]. The prevalence varies according
to the population studied. In the UK, it has been
reported as 11% in a gynaecology outpatient clinic [3].
In the USA, BV was reported in 17% of women
seeking gynaecological care [4], but in only 5% of
women visiting a student health clinic for routine
examination [5]. The prevalence of BV is much higher
in women attending clinics for sexually transmitted
diseases, e.g., it was 33% in the USA study [5].

BV has been associated with various gynaecological and
obstetric complications including pelvic inflammatory
disease (PID), post-caesarean delivery endometritis,
chorioamnionitis and premature rupture of membranes,
late miscarriage and pre-term labour [6]. A study in
pregnant women demonstrated that women who were
positive for BV on screening were five times more likely
to experience preterm labour or late miscarriage than
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those without BV [7]. Recently, links have been
demonstrated between abnormal vaginal flora, lack of
lactobacilli and HIV infection [8]. Lactobacilli possess
several biological characteristics which may protect
against HIV infection, including the virucidal effects of
hydrogen peroxide (H,O;) produced by some strains [9].

Oral metronidazole is currently the recommended
treatment of choice for BV. Although antibiotic therapy
has been shown to eliminate BV-associated organisms,
there is an extremely high recurrence rate, with reports
of up to 50% of patients experiencing recurrent
infections. Evidence points towards recurrence occur-
ring as a result of failure to establish a normal flora
following antimicrobial therapy [10]. A healthy lacto-
bacilli-dominated vaginal flora is now considered to be
of utmost importance for preventing various urogenital
infections, including recurrent urinary tract infections
and BV [11, 12].

There have been several attempts to restore the normal
vaginal flora by re-colonising with lactobacilli [13].
However, the correct choice of Lactobacillus strains
has not always been used; for example, some strains
used are not the predominant ones found in the normal
vagina [14]. Bacterial adherence is considered to be an
important first step in the colonisation of mammalian
tissues. It has been demonstrated that strains of
Lactobacillus isolated from yoghurt were significantly
less adherent to exfoliated epithelial cells than clinical
isolates [15]. It is also unclear whether the strains of
Lactobacillus used in previous studies produced H,O;.
H;0;-producing strains, which are thought to be
inhibitory to other bacterial species, have been found
significantly more frequently in women with a normal
vaginal flora than in women with BV [16]. However,
the proportion of H,O,-producing strains isolated from
pregnant women with BV may be higher [17].

A previous study isolated strains of Lactobacillus from
healthy female volunteers with a negative screen for all
sexually transmitted diseases (including persistent
viruses). The women from whom the strains were
obtained had been recruited to a phase 1 study of a
novel vaginal microbicide [18].

This paper reports the results of characterising 60 of
these isolates and selecting those with properties that
would make them ideal candidates for use as a
probiotic in a clinical study of vaginal re-colonisation
in women with recurrent BV.

Materials and methods
Bacterial isolates

Lactobacilli were isolated from vaginal swab samples
from healthy volunteers [18] and identified to species
level by the API system (50 CH, bioMérieux). Stock
cultures were stored at —70°C in de Man, Rogosa,

Sharp (MRS) Broth (Oxoid) supplemented with glycer-
ol 20% v/v. Strains were cultured on MRS agar or in
MRS broth at 37°C for 48 h in an anaerobic atmosphere
(N, 65%, H, 30%, CO, 5%). Reference cultures of L.
acidophilus (4504), L. fermentum (700355), L. jensenii
(13279), L. crispatus (4505), L. delbrueckii subsp.
delbrueckii (8130) and L. casei subsp. rhamnosus
(8824) were purchased from the National Collection of
Industrial and Marine Bacteria Ltd.

Strains of G. vaginalis were isolated from vaginal swab
samples from women with BV [19]. Stock cultures
were stored at —70°C in peptone-dextrose-starch broth
(PDS broth) [20] supplemented with glycerol 20%.
Strains were cultured on PDS agar at 37°C for 48 h in
an anaerobic atmosphere.

Strains of Bacteroides spp. and Pr. bivia were isolated
from vaginal swabs taken from women with BV.
Bacteria were grown in Brain-Heart Infusion Broth
(Difco) supplemented with yeast extract 5 mg/ml,
haemin 5 ug/ml and menadione 0.2 ug/ml, pH 7.4,
at 37°C for 48 h in an anaerobic atmosphere [21].

H>0, production

Lactobacilli were assessed for their ability to produce
H,0, in a semi-quantitative assay as described
previously [22]. Briefly, lactobacilli were cultured on
MRS agar containing tetramethylbenzidine (Sigma)
0.25mg/ml and horseradish peroxidase (Sigma)
0.01 mg/ml at 37°C for 48 h under anaerobic condi-
tions. Upon exposure to air, colonies producing H,O,
appeared blue. The time taken for the appearance of
the blue colouration was recorded and used as an
indication of the quantity of H,O, produced [17].

Acid production

The amount of acids produced by the lactobacilli was
indirectly determined by measuring the pH of the
culture supernate with a pH meter (Titrator TTT2).

Deferred antagonism well assay

A deferred antagonism well assay was used to measure
the degree of inhibition of growth of G. vaginalis, Pr.
bivia and Bacteroides spp. (indicator organisms) by the
lactobacilli, as described previously [19]. Briefly,
lactobacillus culture filtrate (400 ul) was added to 16-
mm diameter wells cut in freshly poured agar contain-
ing 1 X 107 cfu of indicator organisms/ml. Plates were
incubated anaerobically at 37°C for 48 h, after which
the inhibition zone radii were measured from the outer
edges of the well to the edge of bacterial growth.

Preparation of vaginal epithelial cells (VEC)

VEC were collected from healthy donors by gently
scraping the vaginal mucosa with a sterile cotton swab.



The cells were dislodged from the swabs by immersing
and agitating them in sterile 0.04 M citric acid-
Na,HPO, buffer, pH 4.5. They were then pelleted by
centrifugation (800 g for 4 min), washed twice in the
same buffer and resuspended to a concentration of
1 X 10 VEC/ml. The cells were stored at 4°C on ice
until required. VEC were obtained from six donors
with the following ABO and Rhesus blood groups: O
negative (two), O positive (four) and A positive (one).

Adhesion assay

Lactobacilli were radiolabelled by growth in MRS broth
containing [methyl, 1’, 2’-*H]-thymidine (120 Ci/mmol,
Amersham) at a concentration of 12 uCi/ml. Broths
were incubated at 37°C for 24 h. The bacteria were then
harvested by centrifugation (1500 g for 5 min) and
washed three times in 0.04 M citric acid-Na,HPO,
buffer, pH 4.2. The pellet was resuspended in the buffer
to a concentration of 5 X 103 bacteria/ml and incubated
statically at 37°C for 60 min. Equal volumes of bacteria
and VEC (100 ul) were mixed and incubated at 37°C
for 60 min with agitation (120 rpm). After the incuba-
tion period, 5ml of ice-cold buffer were added to
prevent any further adhesion. The suspension was
filtered through a 12-um polycarbonate membrane filter
(Millipore) and washed twice with 15 ml of buffer to
remove non-adherent bacteria. A 10 ul sample of
bacterial suspension was filtered through a 0.2 um
polycarbonate membrane filter to determine the radio-
activity associated with the bacterial cells. The disin-
tegrations per minute (dpm) associated with the filters
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was determined with a liquid scintillation spectrometer
(Beckman LS6000 SC) and the number of bacteria
adherent to each VEC was calculated. The mean and
standard deviation (SD) of the results of three experi-
ments performed in triplicate are shown.

Results

Inhibition of BV-associated organisms by
lactobacilli

All 60 vaginal isolates of lactobacilli were assayed for
their ability to inhibit the growth of one strain each of
G. vaginalis, Bacteroides spp., and Pr. bivia (indicator
bacteria). All 60 Lactobacillus isolates inhibited the
growth of each of the BV-associated bacteria. The G.
vaginalis isolate was more susceptible to inhibition by
all the Lactobacillus isolates than the Bacteroides and
Pr. bivia isolate (Fig. 1). The lactobacilli produced
zones of inhibition of growth in the range 4.0—
13.5 mm for G. vaginalis, 2.0—7.0 mm for Bacteroides
spp. and 1.5-8.0 mm for Pr. bivia.

Fourteen lactobacilli that inhibited the indicator
bacteria by one SD above the mean were selected for
further study. These isolates were tested for their ability
to inhibit several strains of G. vaginalis (6), Bacter-
oides spp. — B. fragilis (2), B. ureolyticus (1), B.
uniformis (1), and B. vulgatus (1) — and Pr. bivia (4)
(Figs. 2,3 and 4 respectively). All the isolates of each
of the three genera of indicator bacteria tested were
inhibited to similar degrees by the lactobacilli (data not

Zone of inhibition (mm radius)
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G. vaginalis

Pr. bivia

Bacteroides sp.

Fig. 1. Mean inhibition of BV-associated bacteria by 60 Lactobacillus isolates.
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Fig. 2. Comparison of the inhibitory power of the selected lactobacilli towards G. vaginalis. *Inhibition of G. vaginalis

2 SD above the mean.

shown). The following isolates were the most inhibitory
to the growth of the indicator bacteria: L. delbrueckii
subsp. delbrueckii (65407), L. crispatus (55730), L.
acidophilus (61701) and L. acidophilus (61880) (2 SD
above the mean).

Speciation of lactobacilli

The 14 most inhibitory isolates described above were
identified to species level. Ten were identified as L.
acidophilus, two as L. delbrueckii subsp. delbrueckii,
one as L. crispatus and one as L. rhamnosus.

H>0, production

The proportion of lactobacilli that produced H,O, and
the mean pH of the spent culture supernate of the
lactobacilli are shown in Table 1.

Adhesion of lactobacilli to VEC

Of the 10 most potent inhibitors of BV-associated
bacteria, two isolates of L. acidophilus (48101 and
61701) adhered in large numbers to VEC (Fig. 5). Fig.
6 shows photomicrographs of strains 48101, 61701 and
61880 adherent to VEC of a donor of blood group O™.

The majority of the surface of the VEC is covered by
isolate 48101 because of the large number of bacteria
adherent to the VEC and by virtue of the bacterial cell
size. Controls consisting of washed VEC incubated
with buffer ensured that the adherent cells were the test
bacteria and not the donor’s autochthonous bacteria.

All lactobacilli tested adhered in similar numbers to
VEC taken between days 10 and 18 of the menstrual
cycle from each of five donors, e.g., L. acidophilus
48101 adhered in the range of 30 (SD 7.3)—39 (SD 7.4)
bacteria/ VEC. However, each Lactobacillus strain
tested adhered more avidly to VEC from the sixth
donor (O™) than to VEC from the other five donors. For
example, the mean adhesion of L. acidophilus 48101 to
VEC from this donor, taken at five different times in
the menstrual cycle was 103 (SD 37)/VEC. The ratio
between strongly and weakly adherent lactobacilli was
constant between VEC donors, i.e., highly adherent
lactobacilli adhered in large numbers to VEC of each
donor, and accordingly, weakly adherent strains were
poorly adherent to VEC of all six donors.

The adhesion of lactobacilli to VEC taken from one
donor of blood group O%1 at different stages in the
menstrual cycle was tested. There was a reduction in
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Fig. 3. Comparison of the inhibitory power of the selected lactobacilli towards Bacteroides spp. *Inhibition of

Bacteroides spp. 2 SD above the mean.

numbers of adherent bacteria from day 12 — 150 (SD
10) L. acidophilus 48101 /VEC — to day 28 — 50 (SD
1) L. acidophilus 48101/VEC of the menstrual cycle.
However, L. acidophilus 48101 was consistently more
adherent to VEC from each donor than the other strains
tested, regardless of the stage of the menstrual cycle.

The adhesion of L. acidophilus 48101 to VEC was
compared with the adherence of six commercially
available reference strains of lactobacilli. The clinical
isolate L. acidophilus 48101 was considerably more
adhesive than the reference strains (Fig. 7).

Summary of the characteristics of the
Lactobacillus isolates

Table 1 summarises the inhibitory and adhesive
characteristics of the Lactobacillus isolates and com-
pares data derived from all 60 isolates with data from
the 14 strains selected for further study, together with
data from four strains with optimum characteristics and
the fifth strongly adhesive strain (48101).

Discussion

Lactobacilli have been used as probiotics to replace the
gastrointestinal flora in both man and animals [23].
Such studies have not always been stringently con-
trolled and it has been emphasised that Lactobacillus
strains with well-defined properties should be scienti-
fically selected and characterised for specific use in
commerical preparations [24]. Most of the work in this
area relates to the characterisation of strains of
lactobacilli for gastrointestinal use. Although lacto-
bacilli have been used with varying degrees of success
in the treatment or prevention of vaginal infections
[11,12], there has been little or no attempt to
characterise the probiotic lactobacillus used, or to
select a strain most suitable for the prevention of
vaginal infections.

To our knowledge this is the first report which presents
the results of characterising lactobacilli with a view to
selection of an isolate with optimum characteristics for
vaginal re-colonisation. A study by Andreu et al. [25]
on the mechanisms of adherence of lactobacilli to
vaginal epithelial cells alluded to certain adherent
isolates as potential candidates for use as probiotics.
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Fig. 4. Comparison of the inhibitory power of the selected lactobacilli towards Pr. bivia. *Inhibition of Pr. bivia 2 SD

above the mean.

Table 1. Summary of characteristics of the Lactobacillus spp.

Isolate Species Mean pH H,0, Production Adhesion n/VEC
All 60 4.26 62%

Selected 14 : 4.04 50%

Selected 4 3.86 50%

65407 L. delb 3.78 — 4

55730 L. crisp 3.78 + 12

61701 L. acid 3.80 — 110

61880 L. acid 4.08 + 9

48101 L. acid 4.00 ++ 93

L. delb, L. delbrueckii subsp. delbreuckii; L. crisp, L. crispatus; L. acid, L. acidophilus; —, non-

producer of H,O,; +, weak producer of H,O,; ++, strong producer of H,0,.

For the purposes of this study, four characteristics were
chosen which were considered to be important for
vaginal colonisation and competitive exclusion of
bacteria associated with BV. Two isolates from the
collection of 60 vaginal lactobacilli that showed the
optimal combination of these four features were
selected.

Strains were first tested for inhibitory activity against
three bacterial species associated with BV. Although
BV is a polymicrobial disease, it is acknowledged that
the species associated with BV have a symbiotic

relationship [26]. Thus, although the present study
assessed the inhibitory activity of lactobacilli only
against strains of G. vaginalis, Bacteroides spp. and Pr.
bivia, it is likely that the inhibitory environment
produced by the lactobacilli would prevent colonisation
by other species associated with BV, e.g., M. hominis,
which appears in large numbers only in the late and
most severe stages of BV [1].

Lactic acid and other fatty acids produced by
lactobacilli may contribute to the maintenance of a
low vaginal pH and a high redox potential, which



CHARACTERISATION OF VAGINAL LACTOBACILLI 549

1
S
1
Ly

55730 @l
521721 @—l

65407

Lactobacillus strain no.

Fig. 5. Adhesion of lactobacilli to VEC from a donor of ABO blood group O™.

can inhibit the growth of other bacterial species [27].
The four strains of lactobacilli that demonstrated the
most inhibitory activity against BV-associated bacteria
were also those that produced the most acidic culture
supernate after growth (a mean pH of 3.86 compared
with a mean of 4.26 for the values from all 60
isolates). Production of H,O, by lactobacilli has also
been considered as important in inhibiting the
overgrowth of other bacterial species in the vagina
[16]. Two isolates, 61880 and 48101, were strong
producers of H,0,. However, only one of these
isolates (48101) was strongly adherent to VEC. It is
essential that the Lactobacillus strain chosen for use
as a vaginal probiotic should adhere well to the
vaginal epithelium, to ensure continued protection.
The second strongly adherent strain (61701) did not
produce H,O,. Both the latter strains adhered well to
cells derived from several donors of different blood
groups and consistently to cells from the same donor
at different stages of the menstrual cycle, although
there was some evidence of a decrease in adherence
to samples derived a few days before menstruation.
There is evidence in the literature that adherence of
bacteria to vaginal cells in vivo is hormonally linked,
with a reduction in lactobacilli reported in the last

few days of the menstrual cycle [28]. Vaginal
Lactobacillus populations also vary at different stages
in the life of a healthy woman, with lactobacilli
present in large numbers when oestrogen levels are
high (the neonatal period and during the menarche),
and fall during the pre-menarchal and post-menopau-
sal periods when oestrogen levels are low [11]. In the
present study, lactobacillus adherence fell as the level
of oestrogen declined towards the end of the
menstrual cycle. A more detailed and extensive study
is required to verify this finding.

A final consideration for the choice of probiotic
should be the morphology of the bacterial cells. As
the photomicrographs (Fig. 6) indicate, the morph-
ology of the strongly adherent strains 48101 and
61701 is very different. The long cells of strain 48101
cover the epithelial cell surface more consistently than
strain 61701 and may prove to be a more effective
barrier to the adherence of BV-associated bacteria;
strain 48101 is also a strong producer of H,0,.
However, competitive adherence studies with these
isolates together with BV-associated bacterial species
are necessary before a final choice of probiotic can be
made.
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Fig. 6. Lactobacillus strains (a) 48101, (b) 61701, (¢) 61880 adherent to VEC of a donor of ABO blood group O™.

The requisite for a stringent characterisation regimen
for the selection of a bacterium for use as a probiotic
is emphasised by the large variation in adhesion of
clinical vaginal isolates of lactobacilli and reference
strains isolated from various sources. It is important to
consider and define the intended use of the probiotic,

the source and site of isolation of the strain, and the
characteristics required of the strain. The strain must
be rigorously characterised by carefully designed tests
in vitro before attempting expensive, statistically
monitored, double-blind placebo-controlled clinical
trials.
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