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ENDOGENOUS VAGINAL FLORA (114, 144, 207) women. Other studies have characterized
cervical flora (55, 56, 135, 209). These studies have recently

The vaginal flora has been characterized for premenar- been reviewed by Ison (94) and Hill et al. (73). Site and
cheal girls (67, 68) and postmenarcheal (9, 10, 101, 119, methods of sample collection, quality of anaerobic microbi-
142-144, 170, 207), pregnant (119), and postmenopausal ology, definition of a healthy vagina, consideration of time in

the menstrual cycle, sexual history, and contraceptive
method used, all of which may affect the composition of the
flora, vary among these studies.

t Present address: University of Wisconsin Hospital and Clinics, The vaginal flora is greatly influenced by estrogens. In
600 Highland Ave., A4/204 CSC, Madison, WI 53792-0001. utero, the vagina of the fetus is microbiologically sterile.

485



486 SPIEGEL

Organisms are first acquired from the hands of care givers
and from the infant's feces. For the first 6 weeks of life,
maternal estrogens are present in the vaginal epithelium,
providing it with the morphology and microbiology of the
adult vagina; i.e., facultative lactobacilli predominate (23,
108). After the estrogens have been metabolized, the flora
contains skin organisms, e.g., coagulase-negative staphylo-
cocci, and fecal organisms, e.g., Escherichia coli. After
menarche, the facultative microflora of the healthy vagina is
dominated by lactobacilli and diphtheroidal forms, which
include Gardnerella vaginalis. Other gram-positive organ-
isms include coagulase-negative staphylococci and alpha-
and nonhemolytic streptococci. Gram-negative rods are less
common. Most women are also colonized by anaerobic
organisms including but not limited to lactobacilli, pep-
tostreptococci, Prevotella bivia, Prevotella disiens, other
Prevotella spp. (175) and Porphyromonas spp. (174) (former-
ly saccharolytic and asaccharolytic black-pigmented Bac-
teroides spp., respectively), and Mycoplasma spp. The
effects of the menstrual cycle and pregnancy on the vaginal
flora have been reviewed recently (94). After menopause,
facultative lactobacilli can be cultured from 65% of women
(114), but they do not predominate on Gram-stained smears
(188).

HISTORY AND DIAGNOSTIC METHODS

Vaginitis in premenarcheal girls is not common and may
be due to yeast, Neisseria gonorrhoeae, pinworm, Shigella
species, Streptococcus pyogenes, or bacterial vaginosis
(BV) (108, 163). Abnormal discharge is a frequent complaint
of women of reproductive age seeking gynecologic care, and
evidence of vaginitis can be found in up to one-third of
gynecology patients (2, 52). The three main categories of
vaginitis are Trichomonas vaginalis vaginitis, yeast vagini-
tis, and BV. Methods for laboratory diagnosis of these have
been summarized recently (193). BV is the most common of
these three, accounting for 40 to 50% of all cases (7, 52).
Mixed infections commonly occur, dictating that all three be
sought in symptomatic patients.

BV

History. The syndrome now known as BV has undergone
several name changes since the mid-1950s as we have
acquired more knowledge of the syndrome and its associated
flora. The name nonspecific vaginitis was originally used to
distinguish this syndrome from the specific vaginitides asso-
ciated with T. vaginalis and yeasts. When Gardner and
Dukes reported that Haemophilus vaginalis (now G. vagi-
nalis) was the etiologic agent of BV, they changed the name
of the syndrome accordingly (52). The term vaginosis was
introduced to indicate that, in BV, unlike the specific vaginit-
ides, there is an increased discharge without significant
inflammation, as indicated by a relative absence of polymor-
phonuclear leukocytes (82). The term bacterial vaginosis
was adopted to indicate that bacteria rather than fungi or
parasites apparently cause this syndrome, but that the iden-
tities of these bacteria have not been fully delineated.
Because much of the vaginosis-associated flora is anaerobic,
the term anaerobic vaginosis has been suggested (16). Most
recently, the name vaginal bacteriosis has been recom-
mended as being grammatically correct (74, 93, 186). In this
review, current convention will be maintained and the
syndrome will be referred to as BV.

Descriptions of vaginal flora in women with a syndrome

consistent with what we now call BV were published before
the turn of the century (112) and again in the early 1900s
(172). Changes from a clean, or "grade I," lactobacillus-
dominated flora to an unclean, "grade III," flora composed
of multiple organisms including vibrios but without lactoba-
cilli were discussed in the 1920s and 1930s (35, 172, 226), but
no specific agents were associated with these changes.

Clinical diagnosis. Until the 1950s, women with a vaginal
discharge who had neither detectable yeast cells nor T.
vaginalis were given a diagnosis of nonspecific vaginitis, that
is, a diagnosis by exclusion. In 1955, Gardner and Dukes (52)
provided a clinical characterization of a syndrome they
termed H. vaginalis vaginitis. They described the discharge
as being thin, grey, and homogeneous, with a tendency to
adhere to the vaginal walls rather than pool in the posterior
fornix. The pH of the discharge was higher (4.5 to 6.0) than
that in normal controls (4.0 to 4.7) but usually not as high as
in patients with trichomoniasis (5.0 to 6.0), and it emitted a
foul odor. They also described the presence on wet mount of
"clue cells," i.e., vaginal epithelial cells so coated with
coccobacillary organisms that the cell borders were ob-
scured. Pheifer et al. (149) noted that a "fishy" odor was
emitted when vaginal fluid from a woman with BV was
exposed to 10% potassium hydroxide. In a study in which
311 consecutive women were evaluated for the presence of
these criteria, Amsel et al. (2) proposed that a clinical
diagnosis of BV should require the presence of three of the
following signs: (i) vaginal fluid with a pH of >4.5, (ii)
homogeneous adherent discharge, (iii) fishy odor on addition
of 10% potassium hydroxide to the discharge, and (iv) clue
cells on saline wet mount. This is the accepted standard set
of criteria used for clinical diagnosis of BV. Modifications to
these criteria have been suggested. Eschenbach et al. (49)
showed that clue cells are a more specific indicator of BV
when they represent 20% of the epithelial cells. Krohn et al.
(110) showed that, in pregnant women, homogeneous dis-
charge was not independently related to BV. Thomason et
al. (210) also found homogeneous discharge to be of little
value in diagnosing BV and recommended that the presence
of clue cells and fishy odor be used for diagnosis. Cristiano
et al. (32) recommended that, when three tests are performed
(either a test for fishy odor, a wet mount for clue cells, and
a direct Gram stain or a test for fishy odor, a wet mount for
clue cells, and a test to determine whether the pH is >4.5),
the presence of two of the criteria can be used for diagnosis
of BV.

Theoretically, three of the four determinations used in the
clinical diagnosis of BV can be made in the laboratory, i.e.,
fishy odor, pH, and clue cells. According to previously
published data (2), when vaginal fluid on swabs is sent to the
laboratory, a diagnosis of BV can be made when two or more
signs are present (sensitivity, 100%; specificity, 98%; posi-
tive predictive value, 91%; negative predictive value, 100%).
No actual evaluations of this procedure have been pub-
lished.

In one study, patient symptoms as well as signs were
determined (2). Seventy-seven (32%) of 242 women with
normal vaginal exams complained of discharge, odor, or
irritation, while 37 (54%) of 69 women with clinical BV
reported none of these symptoms. Similar observations had
been made previously (52). These data indicate that asymp-
tomatic BV is common and that patient symptoms cannot be
used in making a diagnosis of BV. It should be noted that
treatment of women with asymptomatic BV is not currently
recommended (121).
To make sense of the literature, the standard method for
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TABLE 1. Summary of articles evaluating Gram strain diagnosis of BVa

Population Means of Sensitivity Specificity PPV NPV Reference
(n) diagnosis (%) (%) (%) (%)

Student health clinic (60) Clinical 100 100 189
STD clinic (640) Clinical 97 79 69 98 49

20% clue cells 80 95 93 85
Any clue cells 93 85 80 95

OB-GYN clinic (500) Clinical 97 66 57 98 210
Pregnant women (593) Clinical 62 95 76 86 110

a PPV, positive predictive value; NPV, negative predictive value; STD, sexually transmitted disease; OB-GYN, obstetrics and gynecology. See text for
methods.

clinical diagnosis of BV must be used when evaluating new
diagnostic tests or studying the microbiology, epidemiology,
sequelae, or therapy of BV.
Pap smear. Cytologists commonly report the presence of

clue cells as an incidental finding in endocervical smears.
Two studies have been published examining the utility of the
Papanicolaou (Pap) smear for diagnosis of BV (156, 171). In
one study (156), the Pap smear was apparently performed on
vaginal fluid, not a cervical scraping, and so is not a valid
evaluation of the method as it is used by clinicians. In the
other study (171), a Pap smear of the ecto- and endocervix
was compared with a Gram stain of the same specimen,
culture of the ectocervix for G. vaginalis and Mobiluncus
species, and clinical diagnosis based on fishy odor and wet
mount for clue cells. The bacterial flora on the Pap smears
was categorized as a large bacillus pattern, an anaerobic
pattern with or without curved rods or a predominance of
Gardnerella spp., or a scanty pattern. The data are difficult
to interpret because the standard method for diagnosis of BV
was not used. In addition, the composition of the cervical
flora of women with BV has not been examined by either
culture or Gram stain. Assumptions about their similarity
should not be made (9). The presence of clue cells on the Pap
smears correlated very poorly with detection of clue cells on
vaginal fluid wet mount, indicating that the presence of the
former should not be used to diagnose BV. While the Gram
stain categories used in this study may be appropriate, their
correlation with BV requires further examination.
Gram stain diagnosis. Microscopic changes in vaginal flora

have long been associated with alterations in vaginal health
(92, 172, 185, 226). Dunkelberg (40) was the first to evaluate
the Gram stain for diagnosis of BV by using it to detect G.
vaginalis. This work was done before the standardized
criteria for diagnosis of BV had been developed, was based
solely on the presence of small gram-negative bacilli, and
was performed with standard Gram stain reagents, including
a safranin counterstain. A standardized method for use of
the direct Gram stain for diagnosis ofBV has been described
elsewhere (189). Slides are stained with the Kopeloff modi-
fication of the Gram stain, and, in addition, basic fuchsin is
used as the counterstain. Microbial morphotypes are quan-
titated under oil immersion (x 1,000) as 1+ (<1 per field), 2+
(1 to 5 per field), 3+ (6 to 30 per field), or 4+ (>30 per field).
Large gram-positive bacilli are called the Lactobacillus
morphotype, and smaller gram-variable bacilli are called the
Gardnerella morphotype. Other organisms are categorized
by morphology only, e.g., gram-negative bacilli, curved
rods, gram-positive cocci in chains, and fusiforms. When the
Lactobacillus morphotype is present alone or in combination
only with the Gardnerella morphotype, the smear is inter-
preted as normal. When a more mixed flora, including not
only the Gardnerella morphotype but also other gram-

negative and gram-positive bacteria such as curved rods,
gram-negative rods, fusiforms, and gram-positive cocci, is
present and when the Lactobacillus morphotype is absent or
is present only in low numbers (1 to 2+), the smear is
interpreted as consistent with BV. The presence of morpho-
types other than the Lactobacillus or Gardnerella morpho-
type is considered abnormal, regardless of quantity.

In its original description, this method was compared
retrospectively with a clinical diagnosis of BV (2) and was
accurate in 25 of 25 college women with BV and in 35 of 35
women without BV. The Gram stain method for diagnosis of
BV has since been evaluated by other authors in various
settings (Table 1). Eschenbach et al. (49) evaluated the Gram
stain method in a sexually transmitted diseases clinic, using
a pH of >4.7 and 20% clue cells as two of the four criteria for
diagnosis of BV. These authors also compared Gram stain
diagnosis with the presence of 20% clue cells only and with
the presence of any clue cells, the latter being a common
method for diagnosis of BV in clinical practice. In the
evaluation of Thomason et al. (210), Gram stain criteria were
changed to include as abnormal those slides with a mixed
flora exceeding the number of lactobacillus morphotypes,
even when .3+ lactobacilli per field were present. In a
study of pregnant patients by Krohn et al. (110), the criteria
were modified by specifying the number of bacterial cells of
other morphotypes, e.g., gram-positive cocci, small gram-
negative rods, curved gram-variable rods, or fusiforms, that
must be present in order to interpret the smear as being
consistent with BV.
The reproducibility of interpretation of Gram-stained

smears has been evaluated recently (127). Eighty consecu-
tive vaginal swabs from 80 patients were used. Gram-stained
slides were presented to three experienced microbiology
technologists, each ofwhom interpreted 80 original slides, 80
duplicate slides prepared from the same specimen, and the
80 original slides examined a second time. The technologists
were unaware of when they were reading a slide for the
second time. Data were evaluated by using the weighted
kappa statistic. With a kappa value of 1.0 being perfect
agreement, calculated kappa values of c0.40 reflect fair or
poor reproducibility, those of >0.41 and >0.80 indicate
moderate to substantial agreement, and those of .0.81
reflect almost perfect agreement. Intraobserver agreement
on the quantity of Lactobacillus and Gardnerella morpho-
types and diagnosis of BV were high (0.772 to 1.000).
Interobserver agreement was also high for detection of
Lactobacillus morphotype and clue cells (0.735 to 0.869), but
decreased slightly for BV (0.656 to 0.800).

In a more recent study, a standardized method for inter-
pretation of the Gram stain for BV has been proposed (141)
and evaluated at multiple institutions. This system puts
greater weight on the presence or absence of the morpho-
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TABLE 2. Scoring system (O to 10) for Gram-stained
vaginal smears'

Scoreb Lactobacillus Gardnerella and Curved gram-
morphotypes Bacteroides, morphotypes variable rods

0 4+ 0 0
1 3+ 1+ 1+ or2+
2 2+ 2+ 3+ or4+
3 1+ 3+
4 0 4+

a Morphotypes are scored as the average number seen per oil immersion
field. Note that less weieght is given to curved gram-variable rods. Total score
= lactobacilli + G. vaginalis and Bacteroides spp. + curved rods. Repro-
duced with permission from reference 141.

b 0, no morphotypes present; 1, <1 morphotype present; 2, 1 to 4
morphotypes present; 3, 5 to 30 morphotypes present; 4, 30 or more
morphotypes present.

types that are most reliably recognized, i.e., lactobacilli,
small gram-negative or gram-variable rods (gardnerella or
bacteroides), and curved gram-variable rods. These organ-
isms were quantitated by using previous criteria (189), and
the smear was assigned a score (Table 2). A slide with a total
score of 7 or more is interpreted as BV; 4 to 6, as interme-
diate; and 0 to 3, as normal. When the method was compared
with that used by Krohn et al. (110), intracenter correlation
rose from 0.61 to 0.82. Bacteroides spp. and Gardnerella
spp. were grouped together because participating centers
had difficulty distinguishing between the two. It is unclear
from the description of methods whether the Kopeloff mod-
ification of the Gram stain had been used. Use of this method
is a key step in preventing overdecolorization of gram-
positive rods such as Gardnerella spp. This study was
performed with a population of pregnant women whose signs
and symptoms of BV were not specified. The benefits of this
method for diagnosis of BV in symptomatic women has not
yet been determined.

In general, authors agree that the Gram stain is more
sensitive than fishy odor and gas-liquid chromatography and
more specific than clue cells and culture for G. vaginalis (see
below). It is less subjective than all of the clinical criteria
other than pH. For clinical settings in which a microscope is
unavailable, a swab or slide can be sent to a laboratory for
processing. Gram stain also has the advantages that speci-
mens can be batched and results can be reviewed.
The current reference method for diagnosis ofBV is use of

the clinical criteria. Gram stain diagnosis correlates well
with clinical diagnosis and is an accepted alternative
method. Eschenbach et al. (49) suggest that Gram stain has
a lower positive predictive value for diagnosis of BV in
populations in which the prevalence of BV is low. Con-
versely, one could speculate that the Gram stain is a more
sensitive indicator of alterations in the vaginal flora than the
clinical criteria.

MICROBIOLOGY OF BV

Facultative Organisms

G. vaginalis. (i) Characteristics. In 1953, Leopold de-
scribed a previously unrecognized Haemophilus-like organ-
ism associated with prostatitis and cervicitis (118). Two
years later, Gardner and Dukes described H. vaginalis as the
etiologic agent ofBV (52). Because it required neither hemin
(X factor) nor NAD (V factor) and because it sometimes
appeared to be gram positive and formed "Chinese letters,"

it was removed from the genus Haemophilus and renamed
Corynebacterium vaginale (229). Because the organism is
catalase negative and lacks arabinose in its cell wall, it does
not conform to the genus description for Corynebacterium.
Taxonomic studies performed by Greenwood and Pickett
(61) and Piot et al. (153) showed a lack of genetic relationship
between this organism and the organisms in other morpho-
logically and physiologically similar genera, so C. vaginale
was renamed G. vaginalis (61). It remains the sole species in
this genus.

G. vaginalis (61) is a facultatively anaerobic, nonspore-
forming, nonencapsulated, nonmotile, pleomorphic, gram-
variable rod. Growth is best at 350C and is enhanced by
carbon dioxide. It is indole, nitrate, and urease negative.
Rare anaerobic strains exist (122). Pili have been recognized
on its surface (19, 99).

G. vaginalis commonly stains gram negative or gram
variable. It is more likely to appear gram positive when
stained with the Kopeloff modification of the Gram stain
(80). As revealed by electron microscopy, its cell wall has
been described as being gram positive (164, 168), gram
negative (33), or typical of neither type (61). The cell wall
contains alanine, glutamic acid, glycine, and lysine (70), and
the cell membrane contains predominantly hexadecanoic
(16:0), octadecenoic (18:1), and octadecanoic (18:0) acids
without hydroxy fatty acids (36). The amino acid and fatty
acid profiles are typical of gram-positive organisms. Endo-
toxic activity has been detected in cell extracts by using the
Limulus amoebocyte assay (61), but lipid A was not present
(61, 168). Like gram-positive organisms, G. vaginalis is
susceptible to penicillin, clindamycin, and vancomycin but
resistant to colistin and nalidixic acid (128). However, be-
cause of its taxonomic uncertainty, G. vaginalis is currently
grouped with gram-negative bacteria in the 9th edition of
Bergey's Manual (62).
Numerous identification schemes based on various batter-

ies of tests have been recommended for G. vaginalis (6, 63,
91, 104, 150, 154, 155, 162, 228). The following characteris-
tics have been demonstrated: oxidase negative; catalase
negative; thin, gram-variable rod shape; hippurate hydroly-
sis; fermentation of starch, raffinose, glucose, maltose, and
sucrose but not melibiose or mannitol; production of at- but
not ,B-glucosidase; resistance to sulfonamides (104); and
susceptibility to bacitracin, nitrofurantoin, sulfonamides
(155), metronidazole, and bile; and beta-hemolysis on human
but not sheep blood. Susceptibility to sodium polyanethol
sulfonate on brucella agar with 5% sheep blood has been
described (162). To obtain accurate results, the media must
be prepared and methods must be followed exactly as
published. The usefulness of the API 20 Strep strip (API
System, La Balme les Grottes, Montalieu-Vercieu, France)
(91), but not that of API 20A (Analytab Products, Inc.,
Plainview, N.Y.) or Minitek (Becton Dickinson, Cockeys-
ville, Md.), has been described previously (6). For routine
use in a diagnostic laboratory, the presence of thin, gram-
negative or gram-variable, short rods that are catalase neg-
ative and produce a 1- to 2-mm zone of beta-hemolysis with
diffuse edges on human blood bilayer-Tween 80 agar after 48
h of incubation in carbon dioxide will correctly identify G.
vaginalis >97% of the time (151, 176).

(ii) Associations with BV. In 1955, using Bacto Proteose
Peptone no. 3 agar with 10% sheep blood incubated in
carbon dioxide, Gardner and Dukes recovered G. vaginalis
from 127 (92%) of 138 women with BV, 12 (20%) of 61 with
T. vaginalis vaginitis, and 0 of 121 controls (52). Some
subsequent studies were unable to support this association;
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McCormack et al. (129) isolated G. vaginalis from 38% of
women with BV and 30% of women without BV. Discrep-
ancies may have been due to the difficulty in recovering this
rather fastidious organism or, at that time, the lack of a
standard method for clinical diagnosis of BV.
Because G. vaginalis produces small nondescript colonies

on the routine microbiological media that support its growth,
several selective differential media have been developed for
their primary isolation. Dunkelberg et al. used peptone-
starch-dextrose agar and recognized starch-utilizing colonies
of G. vaginalis by using a dissecting microscope (41).
Greenwood and Pickett (60), recognizing the ability of G.
vaginalis to hemolyze human but not sheep blood, devel-
oped V (vaginalis) agar for its isolation. V agar contains
Columbia agar base, 1% Proteose Peptone no. 3, and 5%
whole human blood. Ison et al. (95) used Proteose Peptone
no. 3 with human blood plus nalidixic acid, amphotericin B,
and gentamicin or colistin. The gentamicin-containing ver-
sion better inhibited endogenous flora, but neither medium
inhibited lactobacilli. Shaw et al. (176) used human blood
agar, which had the same composition as V agar without the
Proteose Peptone no. 3.

In 1982, Totten et al. (216) described selective differential
human blood bilayer-Tween 80 agar for the recovery of G.
vaginalis from vaginal fluid. This medium is composed of
Columbia agar base with colistin, nalidixic acid, and ampho-
tericin B. After a 14-ml basal layer is allowed to solidify, an
overlay of 7 ml of the same medium with 5% outdated human
bank blood is made. Human blood bilayer-Tween 80 agar
was compared with V agar for detection of G. vaginalis in
vaginal fluid from 35 college students. Human blood bilayer-
Tween 80 and V agars, respectively, detected G. vaginalis in
100 and 83% of women with BV and 69 and 28% of healthy
women. Hemolysis was enhanced when the bilayer format
was used and Proteose Peptone no. 3 was added, and it was
further enhanced when Tween 80 was added.

Other studies have also shown that G. vaginalis is a
common member of the endogenous vaginal flora (49). Using
a semiquantitative technique, Totten et al. (216) showed that
women with and without BV had 3 to 4+ G. vaginalis 91 and
26% of the time, respectively. Other quantitative studies
have shown a similar disparity between patients and controls
(189, 195, 206). Of the 82 women with 3 to 4+ G. vaginalis,
40 had a clinical diagnosis of BV (positive predictive value,
49%) (216). Clinical studies have also shown that the rate of
vaginal colonization by G. vaginalis in women successfully
treated for BV is similar to that in healthy controls (17, 47,
152, 195). On the basis of these data, culture for G. vaginalis
is not recommended either for diagnosis of BV or for test of
cure.

G. vaginalis can also be detected in vaginal secretions or
identified in pure culture with fluorescent antibodies (26, 69,
159, 205, 221) and enzyme immunoassay (21).
While detection or quantitation of G. vaginalis in vaginal

fluid cannot be used as a diagnostic test for BV, the
increased prevalence and concentration of G. vaginalis in
patients with this syndrome suggests that G. vaginalis plays
a role in BV even though it is not the sole etiologic agent. Its
presence at a high concentration in essentially all women
with BV suggests that its presence in the vaginal flora may be
a prerequisite to development of BV.

Facultative lactobacilli. Facultative lactobacilli predomi-
nate in the healthy vagina. Lactobacilli are thought to be
responsible for maintaining an acid pH in the vagina by
metabolism of the glucose generated by metabolism of
glycogen (202, 227). Low pH may directly inhibit some

organisms. For every 1.0-U decrease in pH, the oxidation-
reduction potential increases 60 mV (81). Therefore, low pH
may also inhibit anaerobic organisms by maintaining a higher
Eh and a less reduced environment. Hydrogen peroxide
produced by facultative lactobacilli may also control the
quantity of catalase-negative organisms such as anaerobes
(48) (see subsection, Microbial Antagonism).

In patients with BV, lactobacilli are replaced by G.
vaginalis and a mixed, predominantly anaerobic flora. The
decrease in lactobacilli in patients with BV and the return of
these organisms after therapy have been documented by
using cultural (17, 195) and microscopic (1, 189) techniques.
The species of vaginal lactobacilli were determined in a
recent study (48). Hydrogen peroxide-producing lactobacilli
were recovered from 27 (96%) of 28 healthy women and from
4 (6%) of 67 women with BV. Hydrogen peroxide-producing
Lactobacillus acidophilus, L. jensenii, and L. catenaforme
were found alone or in combination with one another or with
other Lactobacillus sp. in 16 (76%) of 21 healthy women and
3 (5%) of 66 women with BV whose lactobacilli were
identified to the species level. These data are further dis-
cussed below (see subsection, Microbial Antagonism).
Mycoplasma hominis. M. hominis has been associated with

BV in pregnant women (110, 126) and in nonpregnant women
from student health clinics (88, 109, 117, 133, 149) and
sexually transmitted disease clinics (109, 145). It is present in
24 to 75% of women with BV and 13 to 22% of women
without BV. Its role as an etiologic agent in BV is unclear.
M. hominis persisted in 50% of women treated with sulfon-
amide, 27% of those treated with doxycycline, 88% of those
treated with ampicillin, and 38 to 40% of those treated with
metronidazole (109, 149), and by 35 days after therapy, it had
recolonized 70% of the metronidazole-treated women and
83% of the ampicillin-treated women (109). The persistence
of M. hominis after therapy for BV was associated with the
persistence of Bacteroides spp. (109). M. hominis was asso-
ciated with an abnormal gas-liquid chromatogram and the
presence of diamines whether or not G. vaginalis was also
present (145). Serum antibody levels to M. hominis were
significantly higher in women with BV (145). Most recently,
after adjustment for coinfection with Chlamydia trachoma-
tis, T. vaginalis, or Candida albicans or for colonization by
other BV-associated flora, M. hominis remained positively
associated with BV and therefore is interpreted as being
independently associated with BV (110, 126).

Viridans streptococci. Rabe et al. (157) identified viridans
streptococci in the vaginas of pregnant women with BV or a
normal vaginal exam. While S. acidominimus was the fourth
most common species isolated from the healthy vagina, it
and S. intermedius were the most common species recov-
ered from women with BV (P < 0.001). S. morbillorum was
also more common in women with BV. Viridans strepto-
cocci were associated with BV by univariate (157) but not by
multivariate (110, 126) analysis.

Anaerobic Bacteria

General. Pheifer et al. (149) were the first to suggest that
anaerobic bacteria might be involved in the pathogenesis of
BV. They observed that, when patients with trichomoniasis
and signs of BV were treated with metronidazole, an anti-
microbial agent with activity against protozoa and anaerobic
bacteria, the signs of BV were eradicated. Subsequent
studies have shown that Bacteroides spp. and Peptostrep-
tococcus spp. (17, 51, 65, 195, 206). Mobiluncus spp. (17,
195), Eubacterium spp. (51, 196), Fusobacterium spp. (151),
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and Veillonella parvula (151) are associated with BV. The
predominant anaerobic gram-negative rods are Prevotella
bivia, Prevotella disiens, Porphyromonas spp., and Prevo-
tella spp. The peptostreptococci that produce butyric acid
may predominate over those that do not (195).
Mobiluncus spp. (i) Characteristics. Mobiluncus spp. are

the most recently recognized member of the vaginosis-
associated flora. The literature on this genus has been
summarized recently (192). Mobiluncus spp. are curved,
gram-variable, motile organisms. Bacterial cells with this
morphology were detected in vaginal fluid before the turn of
the century (112) and first recovered in the laboratory in 1913
(37). In 1980, large and small morphotypes were described
(42), and the organisms were named "vibrions succinopro-
ducteurs," or succinate-producing vibrios. Because they are
anaerobic organisms, their characteristics are inconsistent
with those of the genus Vibrio. Biochemical and genetic
comparisons of Mobiluncus spp. with morphologically sim-
ilar organisms showed Mobiluncus spp. to be unique, and so
these organisms were independently placed into two new

genera, Mobiluncus (199) and Falcivibrio (66). Because the
name Mobiluncus was validated first, it has priority. Two
species have been recognized, Mobiluncus curtisii (Fal-
civibrio vaginalis) and Mobulincus mulieris (Falcivibrio
grandis), representing the small and large morphotypes,
respectively. Two subspecies of M. curtisii have been de-
scribed: M. curtisii subsp. curtisii and M. curtisii subsp.
holmesii (199).
Mobiluncus spp. are slowly growing, fastidious organisms

requiring an enriched medium for growth. They are indole,
catalase, oxidase, and H2S negative. No spores have been
observed. Growth in broth is stimulated by rabbit (197, 199)
or horse (42, 85, 139, 214) serum or fermentable carbohy-
drates such as maltose or glycogen (199). M. curtisii, the
short form, may be only slightly bent and appear coryne-
form. It generally stains gram variable or gram positive. M.
mulieris, the long form, is more crescentic or moonlike and
may form exaggerated half-circles. It almost invariably
stains gram negative. Despite these atypical Gram stain
characteristics, electron microscopic studies have shown
that Mobiluncus spp. have a gram-positive cell wall (30, 66,
183, 199). Other data supporting its gram positivity include
absence of lipopolysaccharide (27); susceptibility to penicil-
lin, clindamycin, and vancomycin and resistance to colistin
and nalidixic acid (66, 79, 140, 180, 190, 200, 201); and
absence of hydroxy fatty acids from the cell wall (27, 30, 181,
182).
Mobiluncus spp. are flagellated and demonstrate a cork-

screw motility on wet mount of vaginal fluid and in pure
culture (37). Because the other BV-associated flora are
nonmotile and because other motile organisms such as E.
coli are not commonly found in high concentration in the
vagina, detection of such motile cells has been used in the
diagnosis of BV (215). M. mulieris has up to eight flagella
with multiple origins, and M. curtisii has up to six flagella
with a common origin. Attachment is either subpolar or at a
more central location on the concave side (66, 200, 201, 208).
Members of both species produce succinic, acetic, and

lactic acids as major metabolic by-products (30, 66, 78, 79,
87, 199, 220). Malic acid is produced from fumarate (66, 199).
M. mulieris can be distinguished from M. curtisii by produc-
tion of strong acid from glycogen and synergistic hemolysis,
while M. curtisii produces cx- and P3-galactosidases, is stim-
ulated by arginine and produces ammonia from it, hydro-
lyzes hippurate, and is susceptible to 0/129 (2,4-diamino-6,7-
diisopropylpteridine phosphate). M. curtisii subsp. curtisii

and M. curtisii subsp. holmesii can be distinguished by
migration through soft agar by the former and reduction of
nitrate to nitrite by the latter (199).

Several selective media for the primary isolation of one
(214) or both (85, 184, 194, 198) species of Mobiluncus have
been described, none of which is commercially available. All
use a Columbia agar base with colistin, nalidixic acid, and
tinidazole as inhibitory agents. Like metronidazole, tinida-
zole is a nitroimidazole with activity against anaerobic
bacteria. Alkaline pretreatment (146, 147) and cold enrich-
ment (184) have been shown to improve the rate of recovery.

Polyclonal (138) and monoclonal (50, 98, 147) antibodies
have been produced. Some have shown species (50, 98, 138,
147), subspecies (50), and partial genus (M. mulieris and M.
curtisii subsp. holmesii) (50) specificity.

Whole-cell DNA probes have also been developed (165).
Culture was a more sensitive method than DNA probe for
detection of Mobiluncus species in clinical specimens, but
DNA probes had the advantage of identifying the species
present (166).

(ii) Association with BV. The prevalence of Mobiluncus
spp. in the vagina has been determined in numerous studies
by one or more methods described above and has been
reviewed recently (192). With microscopy, the prevalence of
Mobiluncus spp. in BV has been reported to be as high as
77%. With culture, the prevalence ranges from 14 to 96% in
women with vaginosis and is <6% in controls (83, 192).
Holst (83) studied a group of 148 women with BV, 143 of
whom had one (n = 32) or both (n = 111) species of
Mobiluncus spp. in the vagina. Neither species was found in
69 healthy vaginas.

BIOCHEMICAL CHARACTERISTICS OF BV

Fishy Odor

Pheifer et al. (149) were the first to report the presence of
a fishy odor when 10% potassium hydroxide was added to
vaginal fluid as it was prepared for microscopic examination
for yeast vaginitis. Chen et al. (29) detected the presence of
diamines in the vaginal fluid of women with BV but not in
women without a clinical diagnosis of BV. They used
high-voltage electrophoresis and two-dimensional thin-layer
chromatography in two (29) or three (28) phases. Putrescine
and cadaverine, the decarboxylation products of arginine
and lysine metabolism, respectively, predominated. These
compounds are present as the nonvolatile salt form in the
vagina, but become volatile at alkaline pH and emit a fishy
odor. This phenomenon occurs not only when alkali is added
in the laboratory but also in vivo during intercourse, when
semen, which has an approximate pH of 7, is introduced into
the vagina. Semen increases the pH of the vaginal secretions
so that the patient and her partner may notice a fishy odor,
the most common symptom of women seeking medical care
for BV (2).

In a study of 520 college students and 30 women referred
to a vaginitis clinic because of signs and symptoms of BV,
173 (88%) of 197 women with BV and 32 (10%) of 323
without BV or trichomoniasis had diamines detected by
thin-layer chromatography. After successful therapy with
metronidazole, the diamines were no longer detectable (28).
These data have been confirmed by others (169).
The microbial source of the diamines has been investi-

gated. When pure cultures of G. vaginalis were grown in the
presence of the appropriate amino acid substrate, diamine
production could not be demonstrated (29). Diamine produc-
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tion by the mixed BV-associated flora was examined. Vagi-
nal discharge from each of four women with BV was
incubated on a prereduced blood agar plate for 4 days. The
mixed flora was harvested and tested for diamine production
with and without added metronidazole. Diamines were pro-
duced by the former but not the latter, suggesting that an
anaerobic component of the BV-associated flora was respon-
sible for diamine production. However, many strains of a
wide variety of anaerobic bacteria, including Mobiluncus
spp. (199), have been tested for diamine production. Al-
though some strains identified as V. parvula produced pu-
trescine and cadaverine, no consistent pattern of production
has been found (188). Because Veillonella spp. have been
described as requiring putrescine and cadaverine (105), these
vaginal isolates may represent a new organism. Several
explanations for the observations of Chen et al. (29) are
possible: (i) an as yet unidentified, BV-associated anaerobic
organism is responsible for amine production; (ii) the meth-
ods being used to stimulate amine production in pure cul-
tures are inadequate; or (iii) a facultative organism whose
growth is stimulated by anaerobic organisms is the producer.
Further investigation of this issue is needed.
Trimethylamine is the predominant source of the charac-

teristic odor of spoiling fish. Brand and Galask (20) per-
formed gas chromatographic analysis of headspace samples
of vaginal fluid from 11 women with BV and 10 women
without BV. All of the former and none of the latter had
detectable trimethylamine. Mobiluncus spp. (four strains)
but not G. vaginalis (five strains) or Bacteroides spp. (two
strains) from BV patients reduced trimethylamine oxide to
trimethylamine in vitro (34).
Although its sensitivity and specificity are high, thin-layer

chromatography used for diagnosis of BV by detection of
amines is impractical in the clinical microbiology laboratory,
and so the method remains a research tool. The presence of
trimethylamine has not been sufficiently evaluated to deter-
mine the sensitivity and specificity of this indicator, but
routine tests for this substance would also be impractical for
use in diagnosis.

Gas-Liquid Chromatography

Anaerobic bacteria can usually be identified to the genus
level by Gram stain morphology and identification of meta-
bolic products of glucose metabolism as determined by
gas-liquid chromatography (80). Lactobacilli produce pre-
dominantly lactic acid; Porphyromonas spp., Prevotella
spp., Bacteroides spp., and Mobiluncus spp. produce suc-
cinic acid; Peptostreptococcus spp. produce acetic acid with
or without butyric acid; and G. vaginalis produces acetic
acid. Some Porphyromonas spp., Prevotella spp., and Bac-
teroides spp. also produce propionic, butyric, isovaleric, and
other acids.

In addition to being detectable by culture and Gram stain,
the change from a lactobacillus-dominated vaginal flora to
one in which lactobacilli are replaced by a mixed, predomi-
nantly anaerobic flora has been detected by gas-liquid chro-
matographic analysis of vaginal fluid (2, 96, 103, 151, 195,
211, 213). Vaginal fluid may be collected either by vaginal
wash (2, 96, 103, 195) or on swabs placed in saline or distilled
water (151, 211, 213). Gas-liquid chromatography using a
gas-liquid chromatograph equipped with a flame ionization
detector was first compared with culture and a clinical
diagnosis of BV in 1980 (195). Readers are referred to that
article for a complete description of the method. Vaginal
fluid from women with BV was characterized by an in-

creased quantity of succinic acid and a decreased quantity of
lactic acid, indicating replacement of lactobacilli by Prevo-
tella spp. and Mobiluncus spp. In the original description of
gas-liquid chromatographic examination of vaginal fluid,
there was a high degree of correlation with a clinical diag-
nosis of BV. Some subsequent studies have found a lesser
correlation due, at least in part, to changes in the methods
used. The sensitivity of gas-liquid chromatography for de-
tecting an abnormal succinate/lactate ratio or the presence of
volatile acids other than acetate is decreased when a chro-
matograph equipped with a thermal conductivity detector is
used (211, 213) and will also be affected by the method for
clinical diagnosis of BV (96). The gas-liquid chromato-
graphic pattern returns to normal within 3 to 7 days after
appropriate antimicrobial therapy is begun (103, 195).
While gas-liquid chromatography is another tool available

for diagnosis of BV, it would not be practical in most settings
because clinics and many hospital laboratories are not
equipped with a gas-liquid chromatograph, and many of
those that are lack one with a flame ionization detector (211).
It has, however, proven to be a useful tool for studying the
microbiology of BV.

Proline Aminopeptidase

Thomason et al. have described an assay for proline
aminopeptidase to diagnose BV (212, 213). In this assay,
enzyme in vaginal fluid cleaves the substrate L-proline
,3-naphthylamide and releases naphthylamine. Fast garnet
salt forms a red or pink complex with the product and
remains yellow or orange in its absence. The accuracy of this
5-min test was compared with clinical diagnosis in 116
women with BV and 151 healthy controls; it had a sensitivity
of 81%, a specificity of 96%, a positive predictive value of
87%, and a negative predictive value of 87%. Proline ami-
nopeptidase was more sensitive than gas-liquid chromatog-
raphy performed with a thermal conductivity detector.
Women with trichomoniasis alone or with BV as a mixed
infection with either trichomoniasis or yeast vaginitis were
not studied. The BV-associated organisms that produce
proline aminopeptidase have not been identified.

While recognition of diamines, trimethylamine, volatile
and nonvolatile fatty acids, and proline aminopeptidase have
added to our understanding of the microbiology of BV, none
are currently useful in the routine diagnosis of BV.

SEQUELAE

Pelvic Inflammatory Disease

In 1973, Eschenbach et al. (46) first reported the associa-
tion of anaerobic bacteria with pelvic inflammatory disease.
Since that time, several authors have associated BV with
pelvic inflammatory disease. Goldacre et al. (54), in a study
of women attending a family planning center, reported that
troublesome vaginal discharge, backache, and postcoital
spotting occurred more frequently in women who were
colonized by anaerobic gram-negative rods. The association
was greater in women who also wore an intrauterine contra-
ceptive device. Pelvic inflammatory disease associated with
Mycoplasma hominis was found in women who had vaginal
fluid gas-liquid chromatographic findings indicating BV
(133). In another study of 642 women (49), adnexal tender-
ness was found significantly more often in women with (4%)
than in those without (0.3%) Gram stain criteria for BV by
multivariate analysis (P = 0.04). In a study of 45 women with
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pelvic inflammatory disease, 9 of 35 with and 0 of 10 without
salpingitis and endometritis or endometritis alone had BV
(145) diagnosed by abnormal vaginal fluid gas-liquid chroma-
tography. Others have reported similar findings (82, 106,
117). In another study (71), postabortal pelvic inflammatory
disease occurred in 9 (25%) of 36 women who had vaginitis
during the previous year compared with 4 (5%) of 74 without
prior vaginitis (P < 0.005). Association with specific organ-
isms from cervical cultures collected at the time of pelvic
inflammatory disease could not be made. Larsson and Berg-
man (115) and Larsson et al. (116) found an association of
Mobiluncus spp. with irregular bleeding episodes or dis-
charge suggestive of upper genital tract infection. All pa-
tients responded to therapy with oral metronidazole. Hillier
et al. (76) did not find an association of Mobiluncus spp. with
irregular bleeding episodes or changes in menstrual bleeding.

Adverse Outcome of Pregnancy
In the pregnant woman, BV has been associated with

preterm birth, premature rupture of membranes, and chori-
oamnionitis. These sequelae have been reviewed recently
(125). Gravett et al. (58) studied the outcome of pregnancy in
534 women in the second and third trimesters of pregnancy.
BV was diagnosed by gas-liquid chromatographic examina-
tion of vaginal fluid collected on swabs. After correcting for
demographic and obstetric variables associated with adverse
pregnancy outcome and for the presence of Chlamydia
trachomatis, there were associations between BV and pre-
term premature rupture of membranes (odds ratio [OR], 2.0;
P < 0.05), preterm labor at <37 weeks (OR, 2.0: P < 0.05),
and amniotic fluid infection (OR, 2.7; P < 0.05).
Amniotic fluid infection was studied in 54 women who

presented in preterm labor at <35 weeks of gestation with
singleton gestations, intact fetal membranes, and c4 cm of
dilation (57). Vaginal and cervical specimens were collected
from patients and matched controls. Amniocentesis was
performed only on study patients. Tocolytic agents were
used as appropriate to inhibit labor. BV, diagnosed by an
abnormal vaginal fluid gas-liquid chromatographic pattern,
was more common in patients (43%) than in controls (14%; P
= 0.02). The organisms recovered from the amniotic fluid
represented vaginal flora, i.e., G. vaginalis, Fusobacterium
nucleatum, Prevotella melaninogenica, Ureaplasma ure-
alyticum, Candida albicans, and E. coli. The mean gesta-
tional age at onset of preterm labor did not differ in women
with sterile or culture-positive amniotic fluid. However, the
mean gestational age at delivery was significantly shorter
(29.2 + 3.1 weeks) for women with culture-positive amniotic
fluid than for those with culture-negative amniotic fluid (36.2
± 4.0 weeks; P < 0.05). This difference appeared to be due
to the fact that tocolysis was achieved in 0 of 4 women with
eubacteria or yeasts in their abdominal fluid cultures but in
26 (81%) of 32 with no organisms or mycoplasmas (83%) in
their fluid. Similar microbiological data have been reported
by others (178).
The frequency of genital infection has been compared

among women in premature labor who delivered preterm
(<37 weeks), women in preterm labor who delivered at term,
and control women who delivered at term (126). Women
were evaluated for intra- and postpartum fevers, amniotic
fluid infection, cervicitis, vaginitis, and BV. Vaginal wash
cultures were performed for aerobic and anaerobic bacteria.
BV was diagnosed by Gram stain criteria. Patients who
delivered before 37 weeks of gestation had a significantly
higher frequency of premature rupture of membranes, intra-

partum fever, and postpartum fever than those who deliv-
ered after 37 weeks of gestation. Patients who delivered
before 37 weeks of gestation were more likely to have BV
(OR, 2.3; P = 0.03) and to be colonized by black-pigmented
Porphyromonas spp. or Prevotella spp. (P < 0.05), Chla-
mydia trachomatis (P < 0.05), or U. urealyticum (P < 0.01).
They were less likely to be colonized by lactobacilli (OR,
0.2; P = 0.002). In another study, high vaginal fluid concen-
trations of Prevotella bivia and Bacteroides fragilis were
associated with an increased rate of preterm delivery, and a
high vaginal fluid concentration of Lactobacillus spp. was
associated with a low risk (111).

Hillier et al. (77) studied the role of microorganisms in
prematurity by culturing the space between the chorion and
amnion (chorioamnion), histologically examining the pla-
centa for inflammatory cells (chorioamnionitis), and gather-
ing obstetric and demographic information. Women were
placed in one of three groups: premature labor and delivery
(preterm patients), premature labor (<37 weeks) but deliv-
ery at term (full-term patients), and labor and delivery at
term (>37 weeks, controls). Isolation of U. urealyticum was
associated with premature delivery but not premature labor
alone. Organisms associated with BV including Mycoplasma
hominis were more common in preterm (45%) and full-term
(28%) patients than in controls (7%). Mycoplasma hominis
was not associated with preterm labor or delivery. BV in the
mother was also associated with choramnionitis and preterm
delivery. Histological chorioamnionitis was associated with
placental organisms in both preterm and full-term patients.
The presence of organisms in the chorioamnion was associ-
ated with chorioamnionitis regardless of gestational age at
delivery even after correction for the effect of ruptured
membranes. The highest rate of histological chorioamnioni-
tis was found among women who delivered most prema-
turely. The authors concluded that their data strongly sug-
gest that chorioamnionitis and infection of the chorioamnion
may be causes of premature birth.

It is important to know whether the outcome of pregnancy
in women with BV who are in the second and third trimester
can be improved with antimicrobial therapy. In a recent
study, women were treated with oral erythromycin base
(131). There were no overall differences between patients
and controls in occurrence of preterm labor, preterm birth,
or low-birth-weight infants. Premature rupture of mem-
branes before labor occurred less frequently in patients (6%)
than in controls (16%; P = 0.01). Erythromycin reduced the
risk of premature rupture of membranes in women who were
colonized by erythromycin-susceptible organisms, e.g.,
Chlamydia trachomatis, U. urealyticum, and Staphylococ-
cus aureus. In this study, preterm birth was not associated
with BV by Gram stain or proline aminopeptidase tests.
Amoxicillin treatment of BV during pregnancy did not
reduce the rate of pregnancy complications (39). Treatment
with intravenous mezlocillin for 48 h followed by treatment
with oral ampicillin until delivery has been shown to reduce
chorioamnionitis and delay delivery (102). Further studies
with antimicrobial agents that are effective at vaginal fluid
pH and against anaerobic bacteria are needed.

Postpartum Endometritis

BV has also been associated with postpartum endometri-
tis. Watts et al. (223) studied 150 women with positive
endometrial cultures. Sixty-one percent had BV-associated
flora (G. vaginalis, Prevotella bivia, Bacteroides spp., and
Peptostreptococcus spp.). Some also had M. hominis or U.
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urealyticum or both. G. vaginalis was recovered from en-
dometrial cultures of 57 patients and represented 19% of the
blood culture isolates. Anaerobes (all BV associated except
three B. fragilis and four Clostridium perfringens isolates)
represented 25% of endometrial and 29% of blood isolates.
Thirty-five endometrial and four blood cultures were posi-
tive for Mycoplasma hominis, usually accompanied by other
BV-associated flora.
BV is also a risk factor for post-Cesarean endometritis

(224). BV was diagnosed by Gram stain of vaginal fluid that
was collected at the time of admission for delivery. BV was
associated with development of postpartum endometritis by
multivariate analysis (OR, 5.8; 95% confidence interval [CI],
3.0 to 10.9), after adjusting for maternal age, duration of
labor, and duration of membrane rupture. Bacteroides spp.,
Peptostreptococcus spp., and G. vaginalis, but not Myco-
plasma hominis, were isolated more frequently from the
endometrium of women with BV than from women with a
normal vaginal Gram stain.

Cuff Cellulitis

BV as well as trichomoniasis have been recognized re-
cently as risk factors for cuff cellulitis after abdominal
hysterectomy (187). BV was diagnosed by standard criteria,
and trichomoniasis was diagnosed by microscopic examina-
tion of a saline wet mount. Patients with BV alone or BV and
trichomoniasis were at greater risk of developing cuff cellu-
litis, abscess, or both (relative risk, 3.2; CI, 1.5 to 6.7; P =
0.005) than controls. Patients with trichomoniasis alone were
also at increased risk (relative risk, 3.4; CI, 1.6 to 7.1; P =
0.002).

Urinary Tract Infections

In another study, women who presented with symptoms
of urinary tract infection were evaluated for clinical diagno-
sis of BV, urinary tract infection, and introital, urethral, and
vaginal colonization by E. coli (89). BV, an abnormal vaginal
fluid gas-liquid chromatographic pattern, increased vaginal
fluid pH, and decreased colonization by lactobacilli were
seen in women who had E. coli urinary tract infection and
used a diaphragm. The authors concluded that, while these
changes are associated with diaphragm use, they do not
indicate causality.

Other

Other infections that have been associated with a mixed
BV flora include neonatal scalp abscesses (130), nonpuerp-
eral breast abscesses (14, 45, 53, 203, 204, 225), and umbil-
ical and mastectomy wounds (53). G. vaginalis as a single
agent has also been associated with urinary tract infections
and bacteremia (191).

Serologic studies have recently implicated Mycoplasma
hominis in the etiology of tubal factor infertility and ectopic
pregnancy (134): 23 (48%) of 48 women with damaged tubes
due to secondary infertility and 2 (10%) of 21 with damaged
tubes due to primary infertility had serologic evidence of
Mycoplasma hominis infection (P < 0.05).
Women with BV are at increased risk of pelvic inflamma-

tory disease including postabortal pelvic inflammatory dis-
ease, preterm birth, premature rupture of membranes, chori-
oamnionitis, and associated fetal loss, as well as postpartum
and post-Cesarean endometritis and cuff cellulitis.

PATHOGENESIS

Natural History

Few studies have looked at the natural history of un-
treated BV. Gardner and Dukes monitored an unnamed
number of their 11 patients for 4 months. These patients had
acquired experimental BV by vaginal fluid transfer: none
showed spontaneous cure or improvement (52). Bump et al.
(25) studied women with asymptomatic BV diagnosed by the
presence of abnormal discharge (defined as excessive or of
abnormal consistency) or fishy odor. After the initial visit,
patients were seen monthly for 5 months. Subjects were not
treated with antibiotics unless they became symptomatic.
After 6 months, abnormal discharge persisted in 22% of the
women and amine odor persisted in 27%. In another study in
which a clinical diagnosis was made by Gram stain criteria,
24 asymptomatic women with BV were monitored for 4
months. Seventeen had persistent BV, and seven became
healthy without treatment (22). Several other studies have
shown that spontaneous remission of the signs of BV occurs
in 25 to 43% of adults (76, 120, 152) and adolescents (24).
This observation deserves further study.

Sexual Transmission

In 1955, Gardner and Dukes (52) inoculated 13 vaginosis-
free women with a pure culture of G. vaginalis. Two became
colonized but had no evidence of vaginosis, and one became
symptomatic. There was no control group. In a subsequent
study, 29 pregnant volunteers with no signs of BV were
inoculated intravaginally with 2 ml of a suspension, 1010
CFU/ml, of one of four G. vaginalis isolates. Five (56%) of
9 so challenged with organisms in the log phase of growth
and 2 (10%) of 20 challenged with organisms in the stationary
phase of growth became colonized with G. vaginalis, as
evidenced by cultural and microscopic methods. The devel-
opment of signs and symptoms was not discussed, suggest-
ing that colonization could be achieved in this manner. In an
additional experiment (52), 11 of 15 vaginosis-free women
who were inoculated intravaginally with material from the
vaginas ofwomen with BV developed BV, and the syndrome
was passed a second time into two patients. Because they
thought that G. vaginalis was present in pure culture in cases
of BV, Gardner and Dukes interpreted these data as indicat-
ing that G. vaginalis is the etiologic agent of BV. While
newer data indicate that this is not the case, the data of
Gardner and Dukes do suggest that BV may be sexually
transmitted. While women commonly complain of an onset
ofBV symptoms coincident with beginning a sexual relation-
ship with a new partner, therapeutic trials have not shown a
decrease in recurrence rate among women whose partners
were treated compared with control couples in which the
male partner was untreated (132, 137, 219).
Evidence of sexual transmission of BV has come from

other studies. In a recent study examining the use of the
spermicidal agent nonoxynol 9 as a prophylaxis for sexually
transmitted diseases (8), the number of sexual partners that
a woman had during the month preceding a follow-up visit
was directly related to the occurrence of BV. Women who
had .3 partners had a relative rate of 1.77 compared with
women with 0 to 1 partner (95% CI, 1.17 to 2.69). There was
no association between the rate of BV and the number of
sexual episodes. In another study (5), asymptomatic BV was
associated with sexual activity; women with two or more
sexual partners within the prior 3 months had a relative risk
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of 2.5 (95% CI, 1.4 to 4.5). Symptomatic BV was associated
with the use of an intrauterine device (relative risk, 7.7; 95%
CI, 2.1 to 28.4), but the risk did not increase with an
increased number of sexual partners.
On the other hand, in a study of BV in postmenarcheal

girls, 6 (12%) of 52 virginal girls and 10 (15%) of 68 sexually
active girls had a clinical diagnosis of BV (24). These data
argue against sexual transmission. Note that none of the
study participants was symptomatic.
Over 90% of male partners of women with BV have

urethral colonization by G. vaginalis (52), suggesting that
sexual transmission of this organism may occur. Piot et al.
(154) developed a biotyping scheme for G. vaginalis on the
basis of reactions for lipase, hippurate hydrolysis, and
0-galactosidase. Biotypes 1 (positive for all three charac-
ters), 2 (negative only for P-galactosidase), and 5 (positive
only for hippurate hydrolysis) made up -80% of the strains
isolated from women in Antwerp, Belgium; Seattle, Wash.,
and Nairobi, Kenya. Vaginal isolates of G. vaginalis and
urethral isolates from the male partners of these infected
women belonged to the same biotype when they were
obtained within 24 h of each other. However, there was no
difference in prevalence of biotypes between women with
and without BV. Similar results have been found by Ison et
al. in London, United Kingdom (97), Benito et al. in Madrid,
Spain (13), and Scott et al. in Dublin, Ireland (173).

In a more recent study (22), oleate replaced egg yolk
emulsion as the substrate for lipase activity, and the system
of Piot et al. (154) was used in biotype G. vaginalis isolated
from women with and without BV. Biotypes 1, 5, and 6 were
the most common. Lipase-positive biotypes, biotypes 1, 2,
3, and 4, were more prevalent among women with (41%)
than among those without (23%) BV (OR, 2.3; P = 0.003).
Seventy women with normal vaginal exams were sampled on
entry into the study and again 4 months later. Women who
had BV at their second visit were more likely to have a new
biotype (90%) than those who continued to have a normal
exam (57%; OR, 6.7; P = 0.003). Women with a new sex
partner were not significantly more likely to have acquired a
new biotype of G. vaginalis than women who did not report
a new sex partner (P = 0.15). Women with BV who were
treated were more likely to have a change in G. vaginalis
biotype (86%) than those who were untreated (63%; OR, 3.9;
P = 0.04). Among those who were treated, those who
responded to therapy were no more likely to have acquired
a new biotype (86%) than those who had persistent BV (87%;
OR, 2.2; P = 0.15). These data indicate that lipase-positive
strains of G. vaginalis are associated with BV and that
treatment, but not a change in sexual partner, is associated
with a change in G. vaginalis biotype.
A serotyping panel has been developed for G. vaginalis

(97). Serotype C predominated among women with BV, but
no control group was studied.
Few studies have sought an extravaginal reservoir of

Mobiluncus spp. Holst (83) recently examined 148 women
with BV, 82 male partners of 82 women with BV, 69 women
without BV, 49 male partners of 49 women without BV, 4
homosexual men (two monogamous couples), 12 virginal
girls, and 10 virginal boys for rectal, oral, and pharyngeal
colonization by Mobiluncus mulieris, Mobiluncus curtisii,
Mycoplasma hominis, and G. vaginalis. All adult women
were also examined for vaginal colonization (see subsection,
Mobiluncus spp.), and adult males were examined for colo-
nization of the urethra and coronal sulcus. All patient groups
had rectal colonization with one or more of these four
organisms, except that G. vaginalis was not found in homo-

sexual men. Rectal colonization with one (n = 81) or both (n
= 47) Mobiluncus species occurred in 128 women with BV.
Similar data have been published previously (64, 86).
Women with BV were more frequently colonized by all of
these organisms. Colonization rates for all other groups were
similar to one another. Colonization by these organisms of
male partners of women with BV was greater than that of
partners of healthy women and homosexual males, but the
numbers were too low to reach statistical significance.
Forty-four male partners of women with BV were again
cultured after 2 weeks, during which condoms were used
during intercourse. While rectal colonization persisted, col-
onization of the urethra and coronal sulcus did not, and
colonization rates at the 2-week follow up were similar
between the two groups of patients. Mobiluncus mulieris,
Mobiluncus curtisii, and G. vaginalis were not recovered
from any oropharyngeal cultures, but Mycoplasma hominis
was recovered from 12. Holst interpreted these data to
suggest that the female rectum is the source of these organ-
isms and that sexual transmission of BV is unlikely.
Mobiluncus spp. have also been recovered from the

seminal fluid of an infertile male (220).

Microbial Antagonism

Emphasis has been placed on inhibitors that may be
produced by lactobacilli as a method of preventing coloni-
zation or overgrowth by less desirable vaginal flora. This
role for lactobacilli has been better studied in enteric iso-
lates. A fecal strain of Lactobacillus sp. has been shown to
inhibit a wide variety of microorganisms, including Clostrid-
ium, Bacteroides, Bifidobacterium, Pseudomonas, Staphy-
lococcus, and Streptococcus spp. and members of the family
Enterobacteriaceae (177). Mardh and Soltesz (124) tested
vaginal lactobacilli for such antibiosis and found that, while
facultative bacteria and yeasts were inhibited, anaerobic
bacteria were not.
Eschenbach et al. (48) have recently examined the role of

hydrogen peroxide-producing vaginal lactobacilli in the con-
trol of other vaginal flora. Lactobacilli use flavoproteins for
terminal oxidation and produce hydrogen peroxide. Most
anaerobic bacteria lack catalase peroxidase and therefore
cannot eliminate toxic hydrogen peroxide from the environ-
ment. The authors hypothesized that hydrogen peroxide-
producing lactobacilli would be absent form women with BV
but not from those without BV.

Tetramethylbenzidine medium was developed and used
for the detection of hydrogen peroxide-producing organisms
from the vaginas of women with (n = 67) and without (n =

28) BV. Control women were significantly more likely than
women with BV to be colonized by hydrogen peroxide-
producing facultative lactobacilli (96 versus 6%; P = 0.001).
Anaerobic lactobacilli, none of which produced hydrogen
peroxide, were found in 67% of women with BV and in 4%
of controls and were found in the absence of facultative
lactobacilli only in patients with BV (P < 0.0001). Few
women had both facultative and anaerobic lactobacilli, and
there was no difference between patients and controls. The
authors suggested that the presence of hydrogen peroxide-
producing lactobacilli in the vagina may be a nonspecific
mechanism by which the growth of anaerobic organisms
associated with BV is contained. In a subsequent study, the
authors monitored a cohort of pregnant women without BV
and found that the absence of hydrogen peroxide-producing
lactobacilli was a risk factor for subsequent colonization by
BV-associated anaerobes and the development of BV (75).
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Lactobacilli appear to play an important role in controlling
the composition of the vaginal flora (160). In vitro inhibition
of G. vaginalis and Prevotella bivia by hydrogen peroxide-
producing lactobacilli has been shown recently (107). Anti-
bacterial activity was inhibited by catalase and enhanced by
myeloperoxidase plus halide. Adequate levels of peroxidase
were found in vaginal fluid from 7 (64%) of 11 women with a
normal vaginal exam and in 8 (80%) of 10 women with
abnormal exams (6 with BV, 3 with cervicitis, and 1 with
vestibular gland inflammation). These data strongly suggest
that a major protective component missing from the vagina
of women with BV is hydrogen peroxide produced by
lactobacilli.

Vaginal Redox Potential

Holmes et al. (81) studied the oxidation-reduction poten-
tial (Eh) of the vaginal epithelial surface of women with and
without BV to investigate the association of anaerobic
bacteria with this syndrome. In BV patients before therapy,
the mean Eh was -92 mV (range, 71 to -257 mV) and the
mean pH was 5.1 (range, 4.7 to 5.5). After therapy, the mean
Eh was 208 mV and the pH was 4.2. These values are
comparable to those in women with a normal exam, i.e., 170
mV and pH 4.1, respectively. The low Eh in women with BV
could not be solely attributed to the elevated pH. It is not
clear whether the decrease in Eh or the increase in anaerobic
bacteria occurs first in BV.

Bacterial Products

Amines associated with BV and malic acid produced by
Mobiluncus spp. can cause irritation of mucous membranes.
Volatile fatty acids (18), G. vaginalis (203), and succinate
from vaginal fluid anaerobes (203) inhibit granulocyte
chemotaxis. A proteinaceous toxin from G. vaginalis with
activity against human erythrocytes, endothelial cells, and
neutrophils has been described recently (167).
Labor is initiated by the action of prostaglandins E2 and

F2a (PGE2 and PGF2.), which are synthesized from long-
chain fatty acids. Free arachidonic acid, the precursor of
PGE2 and PGF2o, syntheses, is made available from am-
nionic phospholipids by the action of phospholipase A2.
Bejar et al. (12) have shown that many of the bacteria
associated with premature rupture of membranes and with
BV (Fusobacterium spp., G. vaginalis, Peptostreptococcus
spp., group B streptococcus, and Mycoplasma hominis)
have phospholipase A2 activity.
The concentration of endotoxin is higher in the vaginal

fluid of women with BV than in that of women with a normal
vaginal exam (179). In addition, various species of vaginal
anaerobes produce enzymes, including collagenase and pro-
teases.
The role of these products in causing BV or upper genital

tract sequelae is unknown.

Adherence

Because attachment is the first step in infection and
because clue cells are such a prominent feature of BV, the
adherence characteristics of G. vaginalis and Mobiluncus
spp. have been studied. While clue cells are described as
epithelial cells with coccobacillary organisms, epithelial cells
studded with curved rods resembling Mobiluncus spp. have
also been observed (31, 38, 136, 218). G. vaginalis adheres
better to vaginal enithelial cells at between pH 5 and 6 (148).

Adherence of G. vaginalis to McCoy cells but not to
erythrocytes correlated with the presence of clue cells in
women who were the source of the strains studied (173).
Adherence of Mobiluncus mulieris and M. curtisii was better
at pH 7.5 and 5.5 than at pH 4.0, and adherence of Prevotella
bivia and P. disiens was better at pH 7.5 than at pH 5.5 or 4.0
(136). Cook et al. (31) raised specific antisera against G.
vaginalis, Prevotella melaninogenica, Mobiluncus mulieris,
Mobiluncus curtisii, and Fusobacterium nucleatum and used
the antisera to examine in situ adherence to vaginal epithelial
cells. Adherence by all species was demonstrated, but higher
numbers of G. vaginalis adhered more frequently than the
other organisms. When cell viability was determined by
trypan blue exclusion, preferential adherence of vaginal
bacteria to vital vaginal epithelial cells was seen (218). A
glycocalyx may play a role in the attachment of Mobiluncus
spp. to vaginal epithelial cells (38).

Association of specific blood group antigens with adher-
ence of BV-associated flora has not been examined.

Other

Dextran production by Streptococcus sanguis I, S. san-
guis II, and S. mutans may enhance ascension of these
organisms to the upper genital tract (157).

TREATMENT

A considerable number of papers that compare therapies
for BV have been published. I shall highlight those that add
to our understanding of BV.

Metronidazole versus Ampicillin

Oral metronidazole has replaced ampicillin as the drug of
choice for treatment of BV. The recommended regimen is
500 mg twice a day for 7 days (47). While ampicillin is active
against G. vaginalis (128), cure rates in studies with appro-
priately long follow-ups have been as low as 43% (1). The
reasons for ampicillin failure appear to be twofold. First,
many of the Prevotella spp. present in the vagina during BV
produce 1-lactamase and are ampicillin resistant (72, 113).
All of 10 patients with BV had P-lactamase-producing strains
of one or more species of Prevotella spp. or Porphyromonas
spp. (188). Second, ampicillin is active against lactobacilli
(11). In contrast, metronidazole resistance among anaerobic
gram-negative rods is rare, but metronidazole is inactive
against facultative lactobacilli. Thus, metronidazole inhibits
anaerobic organisms commonly associated with BV and yet
allows recolonization by lactobacilli. These effects have
been measured indirectly by examining Gram stains and
performing gas-liquid chromatography on vaginal fluid col-
lected after therapy with each of these agents (1). After
metronidazole or ampicillin therapy, lactobacilli were de-
tected microscopically in 9 of 9 and 3 of 10 samples,
respectively (P < 0.001). The lactic acid peak height in-
creased by 29 + 51 mm after ampicillin therapy and by 113 +

74 mm after metronidazole therapy (P < 0.001). Combining
ampicillin or amoxicillin with a P-lactamase inhibitor might
give some improvement in efficacy because of increased
activity of this combination of antimicrobial agents against
Prevotella spp. However, because the P-lactam agent would
inhibit recolonization by lactobacilli, the efficacy would not

be as great as that seen with metronidazole. Such data have
been published (217). While metronidazole is active against
gram-negative anaerobes and Mobiluncus mulieris, it is less
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active against G. vaginalis, Peptostreptococcus spp., and
Mobiluncus curtisii (190, 201). Inhibition of G. vaginalis may
be due in part to its increased susceptibility to the hydroxy
metabolite of metronidazole (158), and yet about 50% of
women who have a clinical cure after treatment with met-
ronidazole continue to be colonized by G. vaginalis (1).
Mobiluncus curtisii is not susceptible to hydroxymetronida-
zole (190, 201). It is possible that growth of metronidazole-
resistant members of the BV-associated flora is stimulated
by metronidazole-susceptible members, so that, when the
former are inhibited, the latter also decline.

Oral metronidazole therapy has been compared with in-
travaginal metronidazole therapy (15, 44). In one study
women were treated with either 500 mg of intravaginal
metronidazole once a day for 7 days or 400 mg of oral
metronidazole twice a day for 7 days (15). At the 4-week
follow-up examination, the cure rates were 79% in the
women treated with the intravaginal regimen and 74% in
those treated with the oral regimen.

Oral amoxicillin has been shown to be no more effective
than a placebo in eradication of BV in pregnant women (39).
Some treatment failures may be due to concomitant yeast

vaginitis (161).

Clindamycin

Because there are treatment failures and side effects
(metallic taste and gastrointestinal upset) with metronidazole
(47), and because it cannot be used in early pregnancy owing
to its teratogenicity, alternative therapeutic agents have
been sought. Oral clindamycin has been evaluated because
of its activity against anaerobic bacteria and G. vaginalis
(59). The failure rates for metronidazole (4%) and clindamy-
cin (6%) were similar at 7 to 10 days following initiation of
therapy. A 4-week follow-up examination is necessary to
determine adequately the rate of persistence. Three patients
in the clindamycin group and none in the metronidazole
group developed nonbloody diarrhea. The cause of diarrhea
was not determined, but one can speculate that it may have
been due to Clostridium difficile.

Intravaginal clindamycin cream has also been evaluated
(76, 120). Five grams of 0.1, 1.0, or 2.0% clindamycin cream
administered intravaginally morning and night for 5 (120) or
7 (76) consecutive days effected a cure significantly more
often than placebo in women examined 4 to 7 days after
completion of therapy. Ninety percent of the cured patients
and 75% of the cured controls were still free of BV at a
1-month follow-up examination. Patients who responded
clinically usually had a normal vaginal fluid Gram stain,
suggesting that lactobacilli were able to recolonize despite
this therapy (120). One study detected no difference in
efficacy among the concentrations of clindamycin tested
(120), and the other found that patients treated with 2%
cream had a lower recurrence rate (6%) 1 month after
completion of therapy than women who received a lower
dosage (29%; P = 0.13). Clindamycin cream may be an
acceptable alternative therapy for BV, especially for women
who cannot take metronidazole because of adverse side
effects or because of pregnancy or who fail therapy with it.

Lactate Gel

There has been a recent resurgence of interest in lactate
gel for therapy of BV. This product contains lactic acid and
growth substrates for lactobacilli buffered at pH 3.5 to 3.8. It
was as effective as oral metronidazole at a 1-week follow-up

(3). Monthly treatments after completion of menstrual bleed-
ing for 6 consecutive months eradicated BV in 15 of 17
patients and 1 of 10 controls given placebo who completed
the trial (4). The placebo gel was unbuffered, unlike the
carrier for the lactate gel. The women who responded were
not studied after the monthly treatments had been discon-
tinued. Reappearance of a lactobacillus-dominated flora was
seen in 10 pregnant women treated intermittently with lac-
tate gel (84). Further study of this product or others that
would lower the vaginal fluid pH are warranted.

Other

Tetracycline, although active against G. vaginalis, is not
an effective therapy for BV, probably because of its poor
anaerobic activity (222). Triple sulfa cream, formerly a
widely accepted therapeutic agent for BV, had no greater
activity than a placebo control (152). Erythromycin is inac-
tive at the pH of vaginal fluid (43).

Recolonization of the vagina by intravaginal administra-
tion of hydrogen peroxide-producing lactobacilli may be
possible, but current over-the-counter products do not ap-
pear to be appropriate (90).

CONCLUSION

A great deal more is known about BV in 1991 than was
understood in 1955 or 1980. Our tendency in examining a
new disease is to attempt to find a single pathogen with
which we can fulfill Koch's postulates. BV has been resis-
tant to that approach. Rather, BV appears to be due to an
alteration in the endogenous flora. BV-associated organisms
that are part of the endogenous vaginal flora, such as
Prevotella bivia, P. disiens, Prevotella spp., Peptostrep-
tococcus spp., G. vaginalis, Mycoplasma hominis, and
Mobiluncus spp., which may reside in the rectum, become
dominant. In addition, hydrogen peroxide-producing Lacto-
bacillus spp. are significantly reduced. However, we do not
know which of these alterations occurs first and what
stimulates them. These changes can be recognized by cul-
tural, microscopic, and chemical examination of the vagina.
Some episodes of BV may be sexually transmitted and
others may not. In some cases, the pathogenesis of BV may
be like that of urinary tract infections: rectal organisms may
gain access to the vagina.
That the presence of BV puts the patient at increased risk

of upper genital tract infection, with severe consequences to
fertility and outcome of pregnancy, is an extremely impor-
tant recent finding.
There is still much to learn about BV. Areas for further

research on BV include diagnosis, pathogenesis, and ther-
apy. The availability of a rapid nonmicroscopic test that
would allow accurate diagnosis of BV in diverse settings
would be beneficial. Further studies on the utility of the Pap
smear for diagnosis of BV are also warranted. Studies to
determine the reservoir of the BV-associated flora and the
modes by which the organisms are acquired and transmitted
are needed, as are studies on the interactions among the
flora. An animal model would be extremely useful for the
latter (100, 123). The source(s) of amines is yet to be
determined. The characteristics of women who experience
spontaneous remission ofBV and the characteristics of their
vaginal flora also require study. The role in BV played by
changes in the vaginal environment as it responds to hor-
monal changes throughout the menstrual cycle are war-
ranted. Additional treatment studies must include methods
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to prevent pregnancy complications and treat BV in non-
pregnant women. Studies in which hydrogen peroxide-pro-
ducing lactobacilli are used either as a prophylaxis or as a
treatment for BV are now appropriate.
The 1990s hold greater promise for increasing our under-

standing of BV than was realized in the 1980s.
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