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Abstract

Context: The most common cause of abnormal vaginal discharge in women of childbearing age is bacterial vaginosis
(BV). This condition predisposes women to increased susceptibility to sexually transmitted diseases, including
human immunodeficiency virus (HIV) infections and preterm birth. The diagnostic methods commonly adopted in
the evaluation of patient samples for BV are Amsel criteria and Nugent score, the latter requiring microscopy and
expert interpretation. The use of polymerase chain reaction (PCR) with group specific lactobacillus primers, in
combination with Nugent criteria has not been widely used in developing countries such as Nigeria.

Objective: The aim of the present study was to examine the relationship between vaginal Lactobacilli using PCR with
group specific lactobacillus primers and Nugent Score criteria for bacterial vaginosis.

Study Design, Setting, Subjects, and Methods: We evaluated 241 vaginal samples from apparently healthy
premenopausal women in Benin City for the presence of Lactobacilli with group specific primers in a polymerase
chain reaction master cycler and bacterial vaginosis using the Nugent score criteria.

Results: Of the 241 vaginal samples that were Gram stained for Nugent rating, 84 (34.8%) had Normal rating (0-3),
123 (51%) had Intermediate score (4-6), while 34 (14.2%) had Bacterial vaginosis, with Nugent score (7-10). There
was a positive association between absence of lactobacilli PCR product and Nugent scores interpreted as BV (85.8%
vs. 14.2%.y’=4.12,P=0.05).

Conclusion: The study has demonstrated a strong relationship between bacterial vaginosis and absence or depletion
ofvaginal lactobacilli using molecular techniques.
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Introduction

BV formally referred to as non-specific vaginitis ', is a BV has been associated with various gynecological and
major cause of urogenital disease in females. It has been obstetric complications including pelvic inflammatory
defined as a mild infection of the lower female genital disease (PID), post-caesarean delivery endometritis,
tract, characterized by the presence of three of four chorioamnionitis and premature rupture of membranes,
criteria to define urogenital disease: 1) release of an late miscarriage and pre-term labour . A study of
amine (putrescine, cadaverine, and trimethylamine) or a pregnant women demonstrated that women who were
fishy odour after the addition of 10% potassium  pitive for BV on screening were five times more likely
hydroxide, 2) a vaginal pH >4.5, 3) clue cells in the {4 experience preterm labour or late miscarriage than

vaginal fluid, and 4) a milky homogenous, malodorous those without BV ". Recently links have been
. . 2, 3 . I3 ‘
vaginal discharge ™ °. It is also characterized by a2 gemonstrated between abnormal vaginal microbiota,
depletion of Lactobacillus spp and an overgrowth of lack of lactobacilli and HIV infection ™. Of the
diverse aero}nxc, anaerobic and mic_:ro-aerophﬂic species diagnostic methods currently available, assessment of
such as Gardnerella vaginalis, pr (fvotella SPP> the clinical signs is the 'gold standard', but the signs are
Peptostreptococcus spp., Mycoplasma  hominis, subtle and detection of the signs is very dependent on the
Ureaplasma ureaiystzcum, Mobiluncus PP and acuity of the clinician evaluating the clinical signs.
Atopobium vaginae ™. The prevalence of BV varies in However, Nugent ef af " described an improved

different parts'of the W°r61d’ €8, ,25 % in a grgup of standardized method of Gram stain interpretation. The
healthy Canadgxan women ’, 29.9% in Indonesia ', 15%  (riteria were designed to provide a scoring system to
in rural Brazil * and 14.2% in healthy Nigerian women .

An estimated 25-30% women have BV at any given T
time, mostly without signs such as fishy-odour or S}U "f‘“‘*!’”:?!/‘;';jef bKl C. If”llia”;[)hl)fl]a”gw.m {;f
: 10 3 : H H P o2t d ICroDIoLlogy, I acu of r'narmacy, Universit
discharge ", and this rises to 85% in prostitute N B Boin iy, Edo State, Nigeria g

populations . E-mail: anukamkc@yahoo.com
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evaluate the alteration in vaginal microbiota from the
normal to the abnormal BV state as a continuum rather
than a dichotomy. Vaginal swabs smears are gradedon a
10-point scale based on the presence or absence of
Lactobacillus morphotypes. Recently, another method
for the diagnosis of BV has been developed as a result of
elevated bacterial sialidase activity associated with BV
causing micro-organisms. The test known as BVBlue is
a newly developed chromogenic point-of-care test for
the diagnosis of BV, which is based on detection of
increased vaginal fluid sialidase activity (>7.8 U). This
new method is yet to be introduced in Nigeria, besides
only three studies have evaluated its performance to
date i6, 17.

The use of polymerase chain reaction (PCR), which has
not been widely used in sub-Saharan Africa offers the
potential for rapid and reliable examination of the
vaginal microbiota in clinical studies; this method has
been used previously on bacterial microbiota isolated
from other parts of the human body '* . The method
allows numerous samples to be screened, because the
microbial nucleic acid used as templates for PCR can be
derived from human specimens, without the need for
further culture enrichment. Primers designed to amplify
DNA, using PCR, have been largely based on universal
bacterial 16S ribosomal subunit gene sequences.

The goal of the present study was to examine the
relationship between Lactobacilli vaginal microbiota of
apparently healthy Nigerian women using polymerase
chain reaction (PCR) with group specific lactobacillus
primers and Nugent Score criteria for bacterial
vaginosis (BV).

Materials and Methods

Study Subjects

Two hundred and forty one vaginal swabs were
collected from premenopausal, healthy female
volunteers. The age of the women ranged between 18
and 48 years. The swabs were packaged in ice-packs and
subsequently transported via courier to the Lawson
Health Research Institute Laboratory, London, Ontario,
Canada, for bacterial DNA extraction and polymerase
chain reaction (PCR) amplification.

NugentScores

Prior to DNA extraction, smears were made on
microscope slides from the vaginal swab collected from
cach subject. The slides were Gram stained and scored
by Nugent criteria . A score of 0-10 was assigned
considering the relative proportions of large gram
positive rods (lactobacilli), small gram-negative or
gram variable rods (Bacteriodes, Prevotella, or
Gardnerella species) and curved gram-variable rods
(Mobiluncus species). A score 0of 0-3 was
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interpreted as consistent with normal microbiota, a
score of 4-6 as intermediate and a score of 7-10 was
considered consistent with BV-like conditions.

Extraction of DNA from Bacteria on Vaginal Swabs
DNA was extracted from the bacteria present on vaginal
swabs, using Instagene Matrix (Bio-Rad Laboratories,
Ontario, Canada), according to the manufacturer's
instructions. Briefly swabs were vigorously agitated in
ImL of phosphate buffered saline (PBS), (pH 7.1) to
dislodge cells. The cells were pelleted by centrifugation
(Eppendorf, Digital Centrifuge 5417C)at 10,000g for 5
minutes, and later washed by re-suspending cells in
PBS, centrifuged at 13,000g for 3 minutes.

The pellets were re-suspended in 200pnl Instagene
Matrix, incubated for 20-30 minutes in a water bath
(Isotemp®, Fisher Scientific, USA) at 55°C. The
sample was vortexed for 10 seconds and boiled at 100°C
(Tekstir® Hot plate) for 8 minutes. The sample was
vortexed for 10 seconds and centrifuged at 13000g for 3
minutes. The supernatant containing the DNA was
storedat 20°C.

PCR amplification of the DNA Template/Sample

The amplification reactions of the DNA
template/sample were carried out in 0.2mL PCR single
tube-RNase/DNase/pyrogen free (Diamed, Lab.
Supplies, Mississauga, Ontario, Canada) with hinged
flat cap in a Thermocycler (Eppendorf Mastercycler).
Each PCR consisted of 5.0uL of 10 x buffer (No
MgCl,), 10mM Tris-HCl, and 50mM KCl), 2.5uL of
MgCl, (50mM), 1.0pL dNTPs (SmM each), 1.25uL of
glycerol (80%) (Sigma), 4.0pL of bovine serum
albumin (BSA) (10mg/ml) (Sigma), 50 pmoles/uL of
each primer, LGC-1, with the sequence;
AGCAGTAGGGAATCTTCCA and LGC-2 GC with
the sequence;
CGCCCGGGGCGCGCCCCGGGCGGCCCGGGGG
CACCGGGGGATTYCACCGCTACAC,
(Invitrogen™, Life Technologies), 0.2pL of Platinum”®
Tag DNA polymerase (SU/uL)(Invitrogen™, Life
Technologies), 2.0uL of the DNA template/sample, and
sterile water (Fluka H,0) to a volume of 50uL. The PCR
amplification followed the LAC program in the
Mastercycler, with initial DNA denaturation at 94°C for
2 min, followed by 30 cycles of denaturation at 94°C for
30 sec, annealing at 60°C for 1 min and elongation at
72°C for 1 min, which was followed by a final extension
at 72°C for 10 min. To confirm amplicon production, the
mixture (SpL. PCR product and 2uL. of loading buffer)
was analyzed by electrophoresis (Bio-Rad) in 1.5%
Ultrapure™ Agarose (Invittogen, Life Technologies)
gel, at 100 volts for 45 min, followed by staining with
1% solution of ethidium bromide (50pl/L) and de-
staining with TAE (Tris glacial acetic acid and EDTA)
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for 10 min. Gels were visualized by UV
transillumination and recorded with Polaroid 667
instant film.

Statistical analysis

Nonparametric statistical method, Chi-Square (’) was
employed to test the association between presence of
Lactobacilli PCR product and Nugent scores indicating
Normal, and Bacterial vaginosis.

Results

Out of the 241 vaginal samples that were Gram stained
for Nugent rating, 84 (34.8%) had '"Normal' rating (0-3)
(Figure 1a). In this case, large gram-positive rods
(lactobacilius morphotypes) dominated the entire field.

Figure 1a: A representative Normal Nugent Score (0-3)
with Lactobacillus morphotypes predominating.

rLactobaciHus morphotypesJ

r’\/aginal cells j

Another 123 (51%) had 'Intermediate’ score (4-6), while
34 (14.2%) had presumptive bacterial vaginosis (BV),
with Nugent score (7-10). These were dominated by
small gram-variable rods (Gardnerella vaginalis
morphotypes), and curved gram-variable rods
(Mobiluncus spp morphotypes) (Figurelb). However,
all the 34 samples diagnosed with BV, had no PCR
products for Lactobacilli as shown in Figure 2, while
samples with normal Nugent scores had positive PCR
products for Lactobacilli. The intermediate Nugent
scores equally had lactobacillus PCR products, but the
bands from the electrophoretic gels were faint. There
was a positive association between absence of
lactobacilli PCR product and Nugent scores interpreted
as BV (85.8%vs. 14.2%.y’=4.12, P=0.05).

Figure 1b: A representative abnormal Nugent
score (7-10) indicating BV.

Gram negative bacilli
BV morphotypes

BV organisms adhering
to vaginal cells

Figure 2: A representative electrophoretic agarose gel results of PCR products of amplified

Lactobacillus DNA from the vaginal samples
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Discussion

This is probably the first study using polymerase chain
reaction (PCR) to examine the vaginal Lactobacillus
microbiota of apparently healthy women in Nigeria, in
association with bacterial vaginosis (BV). More than a
third of the sampled population had normal Nugent
rating with large Gram-positive rods, indicative of
Lactobacilli. This is demonstrated by the presence of
Lactobacillus PCR products using group specific
Lactobacillus primers. This finding is in contrast with
the previous study on the identification of vaginal
Lactobacillus species, using culture followed by whole-
chromosomal DNA probes and the demographic and
microbiologic characteristics of women. The study
indicated that vaginal colonization with Lactobacillus is
associated with being Caucasian .

The description of the vaginal microbiota of BV patients
and even normal women had been uncertain because of
the unreliability of classic identification methods, which
employ sugar fermentation and other phenotypic assays.
Although the main concern of the study was not to
identify the specific lactobacilli, but link presence of
lactobacilli with normal Nugent rating. This was
achieved with group specific nucleic acid probes for
lactobacilli targeting the 16S rRNA genes. While the
etiology of BV is diverse and still not completely clear, it
is believed that the loss of lactobacilli is a major
component of the condition and its affiliated
complications. Anaerobic organisms such as
Gardnerella vaginalis, Mobiluncus Mycoplasma
hominis and Atopobium vaginae have been implicated
in BV, along with group B streptococcus and
Escherichia coli, but cultures are infrequently
performed especially in our hospitals, and diagnosis is
largely syndrome based. For example diagnostic testing
for Mycoplasma is rarely done in most hospitals, and
thus many cases of BV may be missed. For women who
self-diagnose vaginal discharge, many incorrectly self-
treat with over the counter antifungals for yeast
vaginitis, when in fact they have BV. This may
potentially lead to adverse consequences.

Paucity of information exists as regards identification
even with culture methods albeit molecular techniques
of Lactobacillus species colonizing the vagina of
Nigerian women. This Lack of information may have
led to the spurious speculation that Black women are not
colonized by Lactobacillus species with protective
capability. It could be argued that most clinical
microbiologists in Nigeria focus their research efforts
only on pathogens and pay little attention to the normal
microbiota ofthe vagina.

A greater number of the women (51%) had intermediate
Nugent score, indicating microbial fluctuations with
few lactobacilli. This is demonstrated by the appearance
of faint lactobacillus PCR products in the
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electrophoretic gels. Studies have shown that the
vaginal microbiota is not very stable in some women
and in many women during a given menstrual cycle, it
changes from one dominated by lactobacilli to one with
few or no lactobacilli and dominated by Gram negative
anaerobes >"”,

The level of BV detected in these Nigerian women was
lower than that found in Canadian studies (14.2%
versus 30%) ¢, again counter to the presumption that this
condition is inherently more common in black women.
It would appear that factors such as douching, sexual
practices or living conditions are more reflective of BV
susceptibility than race itself. This is supported, by the
finding of a BV of 25-31% amongst predominantly
white lesbians ** *, although BV prevalence in sub-
Saharan Africa have been reported in excess of 50%
among pregnant women . It should be noted that BV
organisms produce multiple virulence factors including
toxins and proteases that can degrade sigA, and they
have been found to induce inflammation and local
damage, with a 19 fold increase in inflammatory
cytokines reported, along with elevation in pH *. This
inflammation is believed to be a factor associated with a
significantly increased risk of sexually transmitted
diseases (STDs) including HIV *"*,

The significant depletion of lactobacilli (p=0.05) and
the asymptomatology of BV is worrisome as women
not detecting odor or discharge ” do not realize that their
vaginal microbiota is abnormal and they are now at
higher risk of sexually transmitted diseases, including
HIV "“. Studies have also shown that the absence or
depletion of lactobacilli in the vagina is associated with
overgrowth of anaerobic pathogens that causes BV and
this results in significantly increased risk for HIV as
well as gonorrhea, chlamydia, and herpes simplex virus
infections *. The vaginal microbiota consists of
principally Lactobacillus species in healthy women *,
and our present study has shown that Lactobacillus
absence has a strong association with BV.

The restoration of the depleted lactobacilli in BV
patients by the use of probiotics is worth testing,
Probiotics is defined as “live microorganisms which
when administered in adequate amounts confer health
benefits on the host” *'. Vaginal insertion or oral
administration of Lactobacillus probiotics have been
successful in previous studies for the restoration of
bacterial vaginosis **.

The use of lactobacilli-probiotics for urogenital
infections in sub-Saharan Africa, including Nigeria is
yet to be implemented. The potential of probiotics to
reduce bacterial vaginosis and other urogenital
infections, leading to a vaginal flora dominated by
lactobacilli and therefore less likely to become infected
by HIV, "“* is worthy of pursuit in Nigeria. Our previous
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study in an animal model has demonstrated nutritional
appetite benefits of lactobacilli probiotics during
pregnancy and improvements in weight of newborn
pups *. On safety of probiotics, especially Urex cap-5
(GR-1 and RC-14), our earlier study has shown an
excellent safety profile, with no significant alteration in
the haematological parameters **

Also encouraging animal data on a lactobacilli-based
vaccine ** lends credence to this approach. Given the
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