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Adherence of Bacteria to Vaginal Epithelial Cells at Various
Times in the Menstrual Cycle
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Adherence of vaginal isolates of Escherichia coli, Lactobacillus species, group
B streptococci, Gardnerella vaginalis and Neisseria gonorrhoeae to exfoliated
vaginal epitheial cells was studied in 10 healthy, sexually active medical students.
Studies were done pre- and postmenstrually and at midcycle for two consecutive
menstrual cycles. The mean number of adherent bacteria per vaginal epitheial
cell (range) was 3.4 (0 to 14) for E. coli, 60.5 (12 to 152) for Lactobacillus species,
54.8 (21 to 76) for group B streptococci, 67.4 (15 to 161) for G. vaginalis, and 58.9
(15 to 186) diplococci for N. gonorrhoeae. Adherence of G. vaginalis increased
with increasing acidity of the test medium (pH 4 to 8). There were no significant
differences in adherence to vaginal epithelial cells obtained at the various times
in the menstrual cycle for any of the organisms (p > 0.05). The pattern and extent
of adherence among the women was similar for each organism. In this in vitro
model, adherence characteristics did not vary with the menstrual cycle.

Microbial adherence to epithelial cells is nec-
essary for successful colonization both by mem-
bers of the normal flora and bacterial pathogens
(4, 8, 9, 18). Selectivity of adherence may explain
tropism of pathogens for certain tissues (8).

Studies of the bacterial microflora of the va-
gina and cervix have shown variations during
the menstrual cycle, pregnancy, labor, and puer-
perium (3, 10, 12, 17, 19). The vaginal mucosa is
known to be influenced by reproductive hor-
mones, which cause cyclical shedding and pro-
liferation of mucosal cells (15). The observed
variation in the colonization pattem might be
due to differences in bacterial adherence to vag-
inal epithelial cells (VEC) morphologically and
functionally altered by the changing hormonal
milieu. This study was undertaken to investigate
bacterial adherence to VEC obtained at different
phases of the normal menstrual cycle.

MATERIALS AND METHODS

Subjects. Ten healthy, nonpregnant, volunteer fe-
male medical students with a mean age 25 years
(range, 22 to 29 years) were studied. All the volunteers
were asymptomatic and sexually active with regular
menses. None of the subjects used vaginal douches or
medication, nor did any use oral hormonal contracep-
tives; instead each used a diaphragm and sperimicidal
cream.

Gynecological examination of all volunteers was
normal. Quantitative aerobic and anaerobic culture of
vaginal contents revealed a predominance of aerobic
and anaerobic Lactobacillus sp., Gardnerella vagin-
alis, Neisseria gonorrhoeae, group B streptococci,

and Enterobacteriaceae were not isolated in any of
the subjects.

Cell sampling. Cells were obtained from the mu-
cosal surface of the midvaginal wall by gentle scraping
with an Ayre's spatula and immediately transferred to
minimum essential medium, pH 7.2 (Gibco). Adher-
ence experiments began within 30 min of sampling.

Postmenstrual samples were obtained within 48 h
of the cessation of menstrual flow, midcycle specimens
were sampled 14 days before the expected date of
menses, and premenstrual samples were obtained
within 72 h of the expected onset of menses. Midcycle
and pre- and postmenstrual VEC samples were ob-
tained from each volunteer for two consecutive cycles.

Bacteria. The bacteria studied were all isolated
from vaginal secretions of patients or volunteers. The
following species were studied: E. coli, two strains of
Lactobacillus species, group B streptococci, G. vagin-
alis, and N. gonorrhoeae; the latter was a fresh isolate
taken from .a patient with symptomatic gonorrhoea.
Samples of each isolate were stored at -20°C in ap-
propriate broth. For adherence testing, a frozen sam-
ple of each bacterium was thawed 24 h before the
experiment, transferred to sheep blood agar plates
(Difco) (E. coli, group B streptococci, Lactobacillus
sp.), Casman agar plates (G. vaginalis), or chocolate
agar plates (N. gonorrhoeae), and incubated at 37°C
in 5% Co2 for 24 h. In additional experiments, both a
vaginal and a fecal isolate of E. coli were thawed and
incubated in nutrient broth at 37°C for 48 h under
stationary conditions to encourage the formation of
type 1 pili. Only the fecal isolate demonstrated pili
formation, as confirmed by transmission electron mi-
croscopy.
Adherence test. The method used for the adher-

ence test was similar to that described by Mardh and
Westrom (13). VEC were washed free of adherent
vaginal bacteria by differential centrifugation three
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times in 20 ml of minimum essential medium at 800
rpm for 10 min. The cells were resuspended in 10 ml
of minimum essential medium and subjected to filtra-
tion through a membrane filter with a pore size of 8
,um (Millipore Corp.), which retains cells but allows
free bacteria to pass. The cells were resuspended in
minimum essential medium and adjusted to a final
concentration of 2 x 104 washed epithelial cells per ml,
as determined in a hemacytometer counting chamber.
The bacteria were scraped from the agar, suspended

in phosphate-buffered saline, pH 7.2, and washed three
times in 20 ml of phosphate-buffered saline by centrif-
ugation at 2,500 rpm. After resuspension of bacteria in
phosphate-buffered saline, the bacterial suspensions
were passed through a 25-gauge needle to obtain single
organisms, as determined by Gram stain. The final
suspension of bacteria was adjusted to 108/ml, using a
spectrophotometer, after initial quantitative cultures
had confirmed the bacterial density.
A 1-ml sample of bacterial suspension was mixed

with 1 ml of the epithelial cell suspension (5 x 103
bacteria to one epithelial cell) and incubated aerobi-
cally on a rocker at 37°C for 30 min (pH 7.2). Control
tubes contained epithelial cells suspended in minimum
essential medium at pH 7.2, diluted 1:2 in phosphate-
buffered saline. All experimental conditions were stud-
ied in duplicate. Epithelial cells were then washed free
of nonadherent bacteria by differential centrifugation
at 800 rpm and filtration through a 8-tm membrane
filter. To transfer the cells to slides, the membranes
were gently pressed against the glass slides, which had
previously been coated with a thin layer of albumin.
After this procedure, less than 1% of the epithelial
cells remained on the filter, as detected by microscopic
examination of Gram-stained filters. Cells attached to
the slide were fixed in 95% ethanol for 10 min, air
dried, and Gram stained. The number of bacteria
adherent to epithelial cells was counted under a light
microscope (x1,000). In each experiment, 50 epithelial
cells were studied, and duplicate determinations were

performed.
In additional experiments, the piliated fecal E. coli

was incubated with and without 25 mg of D(+)-man-
nose (Sigma) per ml for 60 min before incubation with
epithelial cells.

Reproducibility of the results on any one day and
from day to day in the same individual was studied in
additional experiments by measuring adherence in
quadruplicate for each experimental condition and by
repeating experiments daily for 4 successive days.
The effect of pH upon G. vaginalis adherence was

perforned in phosphate-buffered saline at pH 4 to 8.
Statistical results were assessed with the Student t
test and with an analysis of the variance of bacterial
adherence evaluating the variables of subjects, cycles,
stages, bacterial species, and replicate variation.

RESULTS

Differences in adherence among various
bacterial species. The results of adherence of
the five bacterial species studied are shown in
Table 1.
Adherence of Lactobacillus sp., group B

streptococci, G. vaginalis, and N. gonorrhoeae

TABLE 1. Adherence of bacterial species to VECa
Adherent bacteria Difference

per cell between ad-
herence ofSpecies Mean species and

SEa Range vaginal E.
coli (p)

E. coli (vaginal) 3.4 ± 0.9 0-14
Lactobacillus sp. 60.5 ± 9.2 12-152 <0.01
Group B streptococci 54.8 ± 3.9 21-76 < 0.01
G. vaginalis 67.4 ± 5.7 15-161 <0.01
N. gonorrhoeae 58.9 ± 7.8 15-186 < 0.01

a Results represent mean adherence ± standard
error (S.E.) of pooled data for 50 cells, done in dupli-
cate, at the premenstrual, postmenstrual, and mid-
cycle phases of two cycles for all volunteers.

was not significantly different (p > 0.05), al-
though these four organisms adhered signifi-
cantly better than E. coli (p < 0.01). The vaginal
E. coli isolate, which failed to piliate when grown
on agar or in nutrient broth, revealed a consist-
ently low adherence of 3.4 ± 0.9 and 4.8 ± 1.1
bacteria per VEC, respectively, whereas the pi-
liated fecal strain adhered relatively better (28.9
+ 6.1 bacteria per VEC). Preincubation of pi-
liated E. coli with mannose reduced adherence
by 90%.
No difference in quantitative adherence char-

acteristics was encountered among the ten
women. In each volunteer, overall adherence of
E. coli was extremely poor when compared with
that of the other four species (p < 0.001). In
further experiments, adherence ofanother strain
of Lactobacillus sp. isolated from one of the
volunteers was compared with the Lactobacillus
sp. used in the remainder of the experiments.
Bacterial adherence was similar for both strains
of Lactobacillus sp. (p > 0.05).

Differences in bacterial adherence ob-
tained at different phases of menstrual cy-
cle. Day-to-day variability of adherence was
assessed by determinations on 4 consecutive
days in one volunteer. Bacterial adherence to 50
cells was measured in quadruplicate (Table 2).
There was little day-to-day variation in adher-
ence for the given bacteria under the experimen-
tal conditions, allowing for valid comparison of
adherence at selected phases in menstrual cycle.
No significant difference in bacterial adherence
to VEC occurred among the 10 volunteers or
among the different phases of the menstrual
cycle when tested by a three-way analysis of
variance (p > 0.05).
Effect ofpH on bacterial adherence of G.

vaginali8 Adherence of G. vaginalis to epithe-
lial cells increased with increasing acidity of the
incubation medium (Fig. 1). Adherence observed
at pH 4.0 was significantly greater than that at
pH 6, 7, or 8 (p < 0.01).
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TABLE 2. Mean adherence of G. vaginalis and E. coli to VEC'
Mean bacteria per VEC ± S.E. at day:

Bacterium p Value
1 2 3 4

G. vaginalis 63.3 ± 4.8 63.7 ± 5.1 54.1 ± 7.1 59.0 ± 4.4 >0.05
E. coli 1.0 ± 0.1 1.1 ± 0.2 1.2 ± 0.2 1.0 ± 0.1 >0.05

a One subject was measured daily for 4 consecutive days. The p value, determined by the Student t test,
reflects the significance of difference of replicate bacterial adherence to VEC on consecutive days. S.E., Standard
error.
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FIG. 1. Influence ofpH of the test medium on ad-
herence of G. vaginalis to VEC. Bars indicate mean
+ standard error.

DISCUSSION
Levison et al. (12), in studying the quantitative

aerobic and anaerobic bacterial flora of the va-

gina, observed that the total facultative and G.
vaginalis count were significantly higher and
that obligate anaerobic bacterial counts were

lower during pregnancy. Additional studies have
shown variations in vaginal and cervical micro-
flora during the menstrual cycle, pregnancy, la-
bor, and puerperium (3, 10, 19). Certain female
genital tract infections have been correlated with
a critical phase of the menstrual cycle. Candida
vaginitis tends to become clinically evident pre-
menstrually and during pregnancy (14, 16).
Trichomonas infection and symptomatic genital
gonococcal disease and dissemination are exac-

erbated during menstruation (2, 6, 16). Further-
more, Baker and Plotkin (1) demonstrated en-

hancement ofvaginal infection in mice by herpes
simplex virus type 2 with progesterone.

Cyclical changes in pH, secretions, and gly-
cogen content as well as a shedding and renewal
of superficial VEC under the influence of the
female reproductive hormones occur in the mi-
croenvironment of the lower genital tract. It is
conceivable that cyclic changes in bacterial flora
and propensity to clinical infection may be re-

lated to cyclical differences in bacterial adher-
ence. Indeed, Botta reported that adhesion of
group B streptococci to VEC was significantly

lower in the first week of the menstrual cycle in
a study of 10 volunteers (5).

In this in vitro study with washed exfoliated
VEC, no differences in bacterial adherence were
observed for any of the bacterial species studied
over two consecutive cycles. Epithelial cell spec-
imens obtained in the immediate postmenstrual
phase differed somewhat morphologically, with
poorer total cell yields, a greater degree of cell
clumping, and more cuboidal parabasal cells as
compared with the higher yield and squamous
cell type in specimens obtained premenstrually;
nevertheless, quantitative adherence was the
same. This result does not exclude in vivo dif-
ferences in adherence during the cycle in that,
under in vitro experimental conditions, the bac-
teria and cells were not exposed to hornones or
vaginal mucus. In addition, hormonal influences
upon cell membrane receptors might have been
affected during the cell preparation procedure.
Furthermore, most of the experiments were car-
ried out at pH 7.2, whereas the vaginal pH is
usually lower (11).
The finding ofmarked adherence ofpathogens

N. gonorrhoeae and group B streptococci is
similar to that of Mardh and Westrom (13).
However, in contrast to their observation of low
quantitative adherence of Lactobacillus sp., we
found equally good adherence for Lactobacillus
sp. This is not surprising, considering that Lac-
tobacillus constitutes the dominant microorga-
nism normally present in the vagina (12). This
difference may reflect variations in adherence of
different strains of Lactobacillus. G. vaginalis
is the subject of considerable dispute concerning
its role as a pathogen in nonspecific vaginitis
(12). In this study, G. vaginalis demonstrated
good adherence in all volunteers, a finding sim-
ilarly noted by Mardh and Westrom (13), who
thus concluded that the adherence pattem sup-
ported the hypothesis that G. vaginalis is a true
vaginal pathogen. However, the impressive ad-
herence of Lactobacillus, a nonpathogen in the
vagina, supports the concept that, whereas ad-
herence to a mucosal surface is an essential
characteristic of most mucosal pathogens, non-
pathogenic colonizing bacteria likewise adhere
well. Adherence patterns per se cannot distin-
guish pathogens from nonpathogens.
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The significance of the striking increase in G.
vaginalis adherence to epithelial cells with in-
creasing acidity of the test medium is unclear.
Similar findings have been observed with gono-
cocci (13). The pH of the vagina is normally acid
but varies little under physiological conditions
and even in the presence of vaginitis (7). It is
conceivable that the increased attachment of G.
vaginalis and gonococci to vaginal mucosal cells
in an acid environment is another factor in the
tissue tropism of these organisms. The results of
these experiments suggest that piliation is im-
portant for adherence of E. coli. The almost
total inhibition of adherence of piliated E. coli
to epithelial cells by mannose is highly sugges-
tive of the presence of functional mannose-like
receptors on the vaginal cells.
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