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Abstract
BACKGROUND—Whether bacterial vaginosis (BV) is sexually transmitted is uncertain. Also it is
unknown why BV is approximately twice as prevalent among African-American as among white
women. An association of BV with a characteristic of the male sex partner, such as race, might support
sexual transmission as well as account for the observed ethnic disparity in BV.

METHODS—3620 non-pregnant women 15–44 years of age were followed quarterly for 1 year. At
each visit, extensive questionnaire data and vaginal swabs for Gram’s staining were obtained. The
outcome was transition from BV-negative to positive (Nugent’s score ≥7) in an interval of 2
consecutive visits.

RESULTS—BV occurred in 12.8% of 906 sexually active intervals to white women- 24.8% of
intervals when the woman reported an African-American partner and 10.7% when all partners were
white. Among white women, there was a two-fold increased risk for BV incidence with an African-
American, compared with a white partner (risk ratio (RR) 2.3, 95% confidence interval (CI) 1.6–3.4;
adjusted RR 2.2, 95% CI 1.5–3.4), but differed according to condom use. In the presence of consistent
condom use, the adjusted RR was 0.7 (0.3–2.4); it was 2.4 (1.0–6.2) in the presence of inconsistent
use; and 2.7 (1.7–4.2) in the absence of condom use. African-American women could not be studied,
as there were insufficient numbers who reported only white male sex partners.

CONCLUSION—The association of BV occurrence with partner’s race, and its blunting by condom
use, suggests that BV may have a core group component and may be sexually transmitted.
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Bacterial vaginosis (BV) is traditionally described as a condition in which the usual
Lactobacillus-dominant vaginal bacteria are replaced by overgrowth of Gardnerella
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vaginalis and mixed, predominantly anaerobic organisms.1 BV is the most common cause of
symptomatic vaginal discharge in reproductive-age women, and has been associated with
serious health consequences such as preterm birth,2 postoperative gynecologic infection,3 and
acquisition of HIV4 and other sexually transmitted organisms.5 The etiology of BV is unknown,
and whether it is a sexually transmitted infection is controversial.6 Personal hygiene behaviors,
particularly douching, have also been associated with BV.7,8

African-American women consistently have been found to be at doubled or greater risk of
having prevalent BV compared to white women,9,10 although the reason is not known.
Demographic factors such as less education, and behavioral factors such as douching, although
more common among African-American women, do not explain the difference.11 Recently,
the race of the male sex partner has been associated with prevalent BV in the first trimester of
pregnancy.12 Among white women, when the father of the pregnancy was African-American,
the prevalence of BV was 45.7%, compared with 20.9% when the father was white.12 The
association of BV with a characteristic of the male might provide support for sexual
transmission of BV, and it also suggests that difference in social networks13 between white
and African-American women might account for the strong racial differences in this condition.
We conducted this analysis to study the association between the race of the male sex partner
and incident BV in a longitudinal cohort of non-pregnant women.

METHODS
This report is from the Longitudinal Study of Vaginal Flora, previously described.14 Non-
pregnant women aged 15–44 were recruited from August 1999 to February 2002, when they
presented for a routine health care visit to 1 of 12 clinics in the Birmingham, Alabama area.
Women were ineligible if they had significant medical or gynecological conditions, were
planning to move from the area in the next 12 months, or had conditions precluding informed
consent. The study was approved by the Institutional Review Boards of the University of
Alabama at Birmingham, the Jefferson County, Alabama Department of Health, and the Eunice
Kennedy Shriver National Institute of Child Health and Human Development. All participants
provided written informed consent.

Women were seen at a research clinic for an initial study visit, and then for quarterly visits, for
one year of follow-up. At each visit women underwent a detailed interview in a private office
with a female interviewer. The interview was focused on lower genital tract symptoms,
personal hygienic and sexual behaviors, and also obtained information on demographic factors,
stress, and substance use. Relevant to this analysis, the sexual behaviors assessed at each
follow-up visit included frequency of vaginal, oral, and anal intercourse over the past 3 months;
the sex and race of each sexual partner (up to 12) during that interval; and the fraction of vaginal
sex acts over the past month during which a condom was used.

Each study visit also included a pelvic examination where a cotton swab was obtained for
vaginal Gram stain, which was evaluated for BV by the Nugent method.15 Ten percent of
samples were independently evaluated in a different laboratory; the kappa coefficient for the
classification of BV was 0.81. BV was defined as a Nugent score of 7–10 and women with
scores of 0–6 were considered BV-negative. The interviewers were unaware of laboratory
results and the laboratory personnel were unaware of interview results.

The unit of analysis for this report is the interval of 2 consecutive study visits. The outcome is
“incident” BV, defined as a change from BV-negative to BV-positive in an interval. Intervals
at risk for incident BV were those where the woman was BV-negative at the first of the two
visits. Thus, a woman could have up to 4 at risk intervals (from visits 1 to 2, 2 to 3, 3 to 4, and
4 to 5) and 0, 1 or 2 BV-incident events. Intervals where the woman was already BV-positive

Klebanoff et al. Page 2

Sex Transm Dis. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



at the beginning were not at risk for the development of BV and were therefore excluded.
Intervals where a woman reported no male partners for vaginal, oral or anal sex were excluded
from analysis, as were all intervals to women whose race was neither African-American nor
white, and intervals where the sex partner’s race was missing. We also excluded all intervals
to women who reported at any time during the study a sex partner who was neither African-
American nor white. Finally we excluded intervals in which a woman received either
metronidazole or clindamycin. Details are provided in Figure 1. When a woman reported both
African-American and white male sex partners in a given interval, she was classified as having
an African-American partner.

Since each woman could both contribute multiple intervals at risk for BV and experience more
than 1 incidence of BV, the observations are not independent. Generalized Estimating
Equations16 were used to estimate the correct standard errors. Significance of differences in
percentages was based on logistic regression, and risk ratios and confidence intervals were
derived from the coefficients and standard errors of a modified Poisson regression with robust
variance.17 We evaluated the significance of risk factors, and of interactions between partner’s
race and other characteristics with the score statistic; interactions with a p-value of ≤0.10 were
pursued further by estimating risk ratios separately for women with and without the interacting
factor. Analyses were conducted using SAS version 9.1.3.

RESULTS
The prospective, longitudinal Flora study enrolled 3620 women who contributed 13,587 study
visits. As detailed in Figure 1, these visits generated 9188 intervals of 2 consecutive visits. BV
appeared in 924 (23.4%) of the 3958 eligible intervals—116 (12.8%) of the 906 intervals in
white women and 808 (26.5%) of the 3052 intervals in African-American women (p<0.001).
African-American women reported having exclusively white male sex partners in 14 (0.5%)
of their 3052 sexually active intervals; this small number precluded analysis of the association
between occurrence of BV and male partner’s race in these women. Seventy-three of the 380
white women reported having a male African-American sex partner, representing 133 (14.7%)
of 906 sexually active intervals. The 906 intervals to 380 white women form the population
for detailed analysis (Figure 1).

The associations between sexual behaviors and partner’s race are presented in Table 1. Table
1 and Table 2 also present associations between partner’s race and other factors of a priori
interest. Women reported only one male sex partner in 95% of intervals; new sex partners were
relatively uncommon (8% of intervals); and condoms were not used in 76% of intervals. In
approximately half of the intervals women had vaginal intercourse less than twice per week;
women received oral sex in approximately half of intervals, and had anal sex in 5% of intervals.
None of the sexual behaviors was statistically significantly associated with partner’s race.
Compared to women with only white sex partners, women with African-American sex partners
smoked less, and had they had higher body mass index.

Table 3 shows that BV appeared in 24.8% of the intervals in which an African-American male
sex partner was reported, versus 10.7% of the intervals in which only white partners were
reported (risk ratio 2.3, 95% confidence interval 1.6 – 3.4). BV occurred in 8 of 158 (5.1%)
intervals in which no sexual activity was reported (data not shown in Table 3). Adjustment for
the factors listed in Table 1 and Table 2 changed the risk ratio for an African-American partner
only minimally, to 2.2 (95% CI 1.5 – 3.4). As shown in Table 3 and Table 4, weekly or greater
alcohol drinking and number of cigarettes smoked per day were associated with increased BV
occurrence; and BV was less likely to appear among currently married women. Women who
reported receptive oral sex from 1 to <2 times/week were less likely to have BV occur, although
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there appeared to be no trend between oral sex frequency and BV. None of the other factors in
Table 3 and Table 4 was statistically significantly associated with the occurrence of BV.

Next we evaluated interactions, that is whether the association between the sex partner’s race
and appearance of BV differed among women with versus without any of the factors listed in
Table 1 and Table 2. To do this, we added to the fully adjusted model, one at a time, an
interaction term between partner’s race and each of the factors. When categorical factors were
inherently ordered (such as always, sometimes and never use of condoms), we evaluated them
both as simple categories and as a single continuous variable coded as 0, 1, 2, etc. The only
interactions that had a p-value of <0.1 were partner’s race with frequency of condom use, and
partner’s race with the woman’s education (both as continuous variables). The adjusted risk
ratios for appearance of BV in association with having an African American sex partner were
0.7 (0.3 – 2.0) in intervals when women always used condoms, 2.4 (1.0 – 6.2) in intervals when
they sometimes used condoms, and 2.7 (1.7 – 4.2) in intervals when they never used condoms.
The p-value for the trend of increasing risk ratio to acquire BV with decreasing condom use
was 0.04. Among women who had not graduated from high school, the risk ratio for the
appearance of BV in intervals with an African-American sex partner was 1.5 (0.8 – 2.7); among
women who were high school graduates the risk ratio was 2.6 (1.3 – 5.2); and among women
who had greater than a high school education the risk ratio was 4.0 (1.8 – 8.7). The p-value the
trend of increasing risk ratio to acquire BV with increasing education was 0.08.

We defined absence of BV as a Nugent score of 0 – 6. When we re-defined it as a score of 0
– 3 and excluded all intervals in which the score at the beginning or ending visit was 4 – 6, the
unadjusted risk ratio for change in score from 0 – 3 to 7 – 10 in the presence of an African-
American male partner was 2.3 (95% confidence interval 1.3 – 4.2, p=0.03) compared to
intervals where all male partners were white, not substantially different from the risk ratio when
absent BV was defined as 0 – 6. The rarity of African-American women being sexually active
only with white men precluded analysis of partner’s race among these women. BV appeared
in 0 of the 14 intervals where all sexual activity was with white men, versus 808 of 3038 (26.6%)
intervals where there was at least 1 African-American male partner.

DISCUSSION
Among white women, we found that those who had an African-American male sex partner
were approximately twice as likely to develop BV as those who reported only white male sex
partners. The probability of BV appearing was similar in African-American (26.6%) and white
(24.8%) women in the presence of an African-American male sex partner. Consistent condom
use appeared to blunt the association between African-American male sex partners and BV
acquisition among white women. These results suggest that BV has a sexual network
component.

We are aware of only one previous study addressing the association of the both the woman’s
and her male partner’s race and BV. In that cross-sectional study of women in the first trimester,
Simhan et al.12 found that among white women, BV was approximately twice as prevalent
when the father of the pregnancy was African-American than when he was white, but the
father’s race was not strongly associated with BV among African-American women. Our
longitudinal results are in agreement with Simhan’s regarding white women although we could
not study this association in African-American women.

Whether BV is a sexually transmitted infection is controversial. Supporting non-sexual
transmission are the observations that a single pathogen has not been identified as causing BV;
6 that BV is regularly observed in self-reported virginal women,10,18,19 that personal hygienic
behaviors such as douching are associated with an increased risk of BV8 and that co-treatment
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of male partners did not impact recurrence of BV.20 Supporting sexual transmission is the
frequent co-occurrence of BV and infections known to be sexually transmitted;21 the increased
prevalence of BV among women with more sex partners;22 increased BV incidence in the
presence of a new sex partner;23 increased number of recent sex partners among male partners
of women who developed BV;24 the high concordance of BV in lesbian sex partners;25 and
results of a randomized trial indicating that male partner circumcision reduces the risk of BV.
26 The association between BV and condom use has been variable. In a previous report from
the Flora study, condom use was not associated with reduction in BV.27 However, other studies
found recurrent BV was less common in women who abstained from sex or consistently used
condoms;28 that BV treatment failure was more common when there was unprotected sex;29

that isolation of Gardnerella vaginalis from the urethra was reduced among men who
consistently used condoms;30 and that BV occurrence was less during times when a woman
consistently used condoms compared to times when that same woman did not use them
consistently.31

Our finding that a characteristic of the male partner, his race, is associated with occurrence of
BV might support sexual transmission, and the finding that consistency of condom use
minimized this association further supports sexual transmission either of an infectious agent
or other exposure in semen. Although BV is more prevalent among African-American women
than among women of other racial groups,10 race is a social, rather than biological construct.
32 Nevertheless, in nationally representative surveys only small minorities of both African-
American and white individuals reported sexual relationships with individuals of the other
race.33 Modeling of STD transmission in nationally representative data has shown that among
individuals with one partner, the chance of the partner being in the “STD transmission core”
is greater for African-Americans than for non-African-Americans.34 In combination with the
observed degree of “sexual segregation” this results in higher prevalence of bacterial STDs in
the African-American community, even after controlling for individual-level behaviors.34 We
observed that the increased occurrence of BV associated with an African-American sex partner
was greatest among women who had more than a high school education. There may be non-
sexual factors (such as poor nutrition,35 douching8 or stress36) associated with acquisition of
BV, and these factors are more prevalent among less educated women. Decreased occurrence
of these non-sexual risk factors among more educated women would increase the apparent
relative risk of sexual risk factors among these women by removing non-sexual causes of BV.

Strengths of the study include the prospective design, which enabled us to ascertain the
appearance of BV, and the collection of detailed data on sexual habits. However, there are
limitations. While we collected relatively extensive data about study women, and controlling
for these potentially confounding factors did not substantially change our results, there may
be unmeasured behaviors or characteristics that are adopted by white women who have
African-American sex partners, that are otherwise more common among African-American
women and that are the true cause of BV. In particular, our measure of socioeconomic status
was limited to years of education. White women who have African-American sex partners may
differ on other, more subtle socioeconomic characteristics than white women who have only
white sex partners. We did not collect detailed data on male sexual partners, including
socioeconomic factors like education or occupation, nor did we collect data on partners’ sexual
histories. Adjustment for this information, had it been available, might have reduced the risk
ratio.

Partners’ race was reported by the woman; while women were unaware of their BV status at
the time of interview and reporting error is unlikely to differ by BV status, erroneous reporting
is possible. Such non-differential misreporting would on average result in a lower risk ratio
than we might otherwise have observed. We asked about condom use over the past 30 days,
rather than during the entire 3-month interval. We ascertained BV only at the beginning and
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end of each 3-month interval. Women who were BV-negative at the beginning and end of the
interval might have had BV at some point between those dates; similarly we do not know
whether, within any given interval, intercourse preceded the appearance of BV.

An additional limitation arises from the chronic nature of BV. Regardless of its mode of
acquisition, once established, BV often recurs in spite of treatment,36 and can have a relapsing
and remitting course in untreated women.37 We followed women for one year. Women who
were BV-negative at the beginning of the study might have had BV before they enrolled,
blurring the distinction between “incidence” and “relapse.” Similarly, the characteristics of a
woman’s sex partners over the course of the study might not be the same as those of any partners
she may have had before she enrolled. To address this limitation it would be necessary to begin
following women before they become sexually active.

In summary, our findings that the race of a woman’s male sex partner is associated with the
appearance of BV, and that consistent use of condoms appears to mitigate this association
provides indirect evidence for a sexual network and transmissible nature of BV.
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Figure 1.
Flow chart of derivation of study population. Bold text and arrows represent remaining
intervals, non-bold text and dashed arrows represent exclusions.
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Table 1

Categorical factors associated with having an African-American male sex partner among white women.

Characteristic Number (%)* of intervals
with the characteristic (906

intervals in total)

% of intervals in which an
African-American partner

was reported**

p-value†

Number of sex partners in past 3 mos 0.24

  1 865 (95%) 14.2%

  >1 41 (5%) 24.4%

Vaginal sex acts/wk in past 3 mos 0.72

  >0 – <1 247 (27%) 12.2%

  1 – <2 183 (20%) 9.8%

  2 – <3 166 (18%) 16.2%

  3 – <4 157 (17%) 15.3%

  4 – <6 88 (10%) 22.7%

  ≥6 63 (7%) 20.6%

Receptive oral sex/wk in past 3 mos 0.25

  0 437 (48%) 16.2%

  >0 – <1 223 (25%) 16.1%

  1 – <2 92 (10%) 8.7%

  ≥2 150 (17%) 10.0%

Anal sex acts/wk in past 3 mos 0.99

  0 855 (95%) 14.6%

  >0 47 (5%) 12.0%

New sex partner in past 3 mos 0.65

  No 837 (92%) 14.1%

  Yes 68 (8%) 22.1%

Condom use over past 30 days 0.46

  Always 113 (12%) 22.1%

  Sometimes 104 (11%) 8.6%

  Never 689 (76%) 14.4%

Hormonal contraception 0.52

  No 480 (53%) 16.0%

  Yes 425 (47%) 13.8%

Douching 0.91

  None 618 (68%) 14.2%

  Less than weekly 228 (18%) 18.0%

  Weekly or more often 59 (7%) 6.8%

Marital status 0.14

  Never married 315 (35%) 18.4%

  Currently married 403 (44%) 11.7%

  Other 188 (21%) 14.9%

Cigarette smoking in past 3 months 0.06

  None 485 (54%) 18.1%
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Characteristic Number (%)* of intervals
with the characteristic (906

intervals in total)

% of intervals in which an
African-American partner

was reported**

p-value†

  Any 414 (46%) 10.4%

Alcohol use in past 3 mos 0.93

  Never 409 (45%) 17.4%

  Less than weekly 301 (33%) 13.3%

  Weekly or more often 196 (22%) 11.2%

Completed years of education 0.32

  <12 326 (36%) 16.0%

  12 268 (30%) 17.9%

  >12 305 (34%) 10.8%

*
Percents may not sum to 100 due to rounding

**
African-American partners were reported in 133 of 906 intervals

†
p-value from score statistic of a logistic regression, under generalized estimating equations, with any/no African-American male partner as the

dependent variable and stated characteristic as the independent variable
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Table 2

Continuous variables associated with having an African-American male sex partner among white women

African-American Sex Partner p-value†

Characteristic Yes No

Mean (SD) age, years 26.0 (6.2) 27.0 (7.3) 0.15

Mean (SD) BMI, kg/m2 30.7 (8.3) 27.7 (8.3) 0.02

Median (75th % percentile) cigarettes/
day††

0 (10) 0 (15) 0.02

†
p-value from score statistic of a logistic regression, under generalized estimating equations, with any/no African-American male partner as the

dependent variable and stated characteristic as the independent variable

††
Among all women, including non-smokers
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Table 3

Association between characteristics of women and the acquisition of Bacterial Vaginosis over 3-month follow-
up intervals

Characteristic Probability of
Acquiring BV During

3-Month Interval

Risk Ratio
(95% CI)

Adjusted* Risk Ratio
(95% CI)

Race of male sex partner

  All partners white 10.7% 1 1

  ≥ 1 African-American partner 24.8% 2.3 (1.6 – 3.4) 2.2 (1.5 – 3.4)

Number of sex partners in past 3 mos

  1 12.5% 1 1

  >1 19.5% 1.5 (0.8 – 2.7) 1.8 (0.9 – 3.8)

Vaginal sex/wk in past 3 mos

  >0 – <1 12.2% 1 1

  1 – <2 8.7% 0.7 (0.4 – 1.2) 0.6 (0.4 – 1.1)

  2 – <3 15.7% 1.4 (0.9 – 2.2) 1.3 (0.8 – 2.1)

  3 – <4 12.7% 1.1 (0.7 – 1.8) 1.1 (0.6 – 1.8)

  4 – <6 13.6% 1.1 (0.6 – 2.0) 1.0 (0.6 – 1.9)

  ≥ 6 19.0% 1.6 (0.9 – 2.9) 1.1 (0.6 – 1.9)

Receptive oral sex/wk in past 3 mos

  0 14.0% 1 1

  >0 – <1 12.1% 0.9 (0.6 – 1.4) 0.9 (0.6 – 1.4)

  1 – <2 8.7% 0.7 (0.3 – 1.3) 0.5 (0.2 – 1.0)

  ≥ 2 13.3% 1.0 (0.6 – 1.5) 0.8 (0.5 – 1.4)

Anal sex acts/wk in past 3 mos

  0 12.5% 1 1

  >0 19.1% 1.6 (0.9 – 2.8) 1.7 (1.0 – 3.1)

New sex partner in past 3 mos

  No 12.9% 1 1

  Yes 11.8% 0.9 (0.5 – 1.7) 0.7 (0.3 – 1.5)

Condom use over past 30 days

  Always 9.7% 1 1

  Sometimes 14.4% 1.5 (0.8 – 2.9) 2.0 (1.0 – 4.0)

  Never 13.1% 1.4 (0.7 – 2.6) 1.7 (0.9 – 3.3)

Hormonal contraception

  No 11.9% 1 1

  Yes 13.9% 1.2 (0.9 – 1.7) 1.1 (0.8 – 1.6)

Douching

  None 11.8% 1 1

  Less than weekly 14.0% 1.2 (0.8 – 1.7) 1.0 (0.7 – 1.5)

  Weekly or more often 18.6% 1.5 (0.8 – 2.7) 1.5 (0.8 – 2.7)

Marital status

  Never married 18.7% 1 1

  Currently married 8.4% 0.5 (0.3 – 0.7) 0.6 (0.4 – 0.8)
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Characteristic Probability of
Acquiring BV During

3-Month Interval

Risk Ratio
(95% CI)

Adjusted* Risk Ratio
(95% CI)

  Other 12.2% 0.6 (0.4 – 1.0) 0.7 (0.4 – 1.2)

Cigarettes in past 3 mos

  None 9.7% 1 *

  Any 16.7% 1.7 (1.2 – 2.4)

Alcohol in past 3 mos

  Never 11.7% 1 1

  Less than weekly 12.0% 1.0 (0.7 – 1.5) 1.2 (0.8 – 1.8)

  Weekly or more often 16.3% 1.4 (0.9 – 2.1) 1.8 (1.2 – 2.8)

Completed years of education

  <12 18.4% 1 1

  12 12.7% 0.7 (0.5 – 1.0) 0.9 (0..6 – 1.4)

  >12 6.9% 0.4 (0.2 – 0.6) 0.5 (0.3 – 0.9)

*
Adjusted for the other factors listed in the Table, plus age, and BMI. Number of cigarettes per day used in lieu of smoking as a binary variable.
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Table 4

Association between continuous characteristics of women and the acquisition of Bacterial Vaginosis over 3-
month follow-up intervals

Acquired BV Risk Ratio Adjusted* Risk Ratio

Characteristic Yes No (95% CI) (95% CI)

Mean (SD) age, years 25.1 (7.1) 27.1 (7.2) 0.96/year (.93 – .
99)

0.98/year (.94 – 1.01)

Mean (SD) cigarettes/day 9.2 (10.2) 6.6 (9.0) 1.02/cig (1.01 –
1.04)

1.02/cig (1.00 – 1.04)

Mean (SD) BMI (kg/m2) 28.5 (8.0) 28.1 (8.4) 1.00/kg/m2 (0.98 –
1.02)

1.01/kg/m2 (0.99 – 1.03)

*
Adjusted for the other factors listed in the Table, plus all factors in Table 3..
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