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Abstract



Purpose of review: Bacterial vaginosis, a common disorder among young women, is associated with adverse reproductive health outcomes. This review summarizes our current understanding of bacterial vaginosis and where future research should be focused. Recommendations for prevention, diagnosis, and treatment in both nonpregnant and pregnant populations are discussed.

Recent findings: Little progress has been made in understanding the causal factors. The results of several large prospective studies have shown that racial differences persist for rates of bacterial vaginosis even when other known risk factors are controlled for. Studies of the gene-environment interaction that examine the genetic aspects of immune response may explain racial differences and why some but not all women with bacterial vaginosis experience complications. Trials to prevent preterm birth by the treatment of bacterial vaginosis in pregnancy are disappointing. Resistance to clindamycin by bacterial vaginosis-associated anaerobic organisms has also been documented. New technology to provide rapid point-of-care diagnostic testing for bacterial vaginosis has emerged.

Summary: To understand the vaginal ecosystem and its role in reproductive health and disease, we will need to study not only the microflora but also the host-immune response. Currently recommended treatment options for bacterial vaginosis are associated with high rates of recurrence. A new concern is the development of macrolide resistance to vaginal anaerobic flora when clindamycin is used as treatment. Further studies are still needed to determine whether prevention or control of bacterial vaginosis, particularly approaches that rely not on antibiotic treatment but on the maintenance of a healthy vaginal ecosystem, can reduce adverse health outcomes.



Abbreviations BV bacterial vaginosis; CDC Centers for Disease Control and Prevention; GIFT Gynecological Infections Follow-Through; TNF tumor necrosis factor

Introduction


Bacterial vaginosis (BV) is a common, complex clinical syndrome characterized by alterations in the normal vaginal flora. When symptomatic, it is associated with a malodorous vaginal discharge and on occasion vaginal burning or itching [1]. Under normal conditions, lactobacilli constitute 95% of the bacteria in the vagina. BV is associated with severe reduction or absence of the normal H2O2-producing lactobacilli and overgrowth of anaerobic bacteria, including Gardnerella vaginalis, Ureaplasma urealyticum, Mycoplasma hominis, Mobiluncus species, Prevotella species, and other anaerobes [2,3]. The cause of this alteration is not well understood; however, the risk of BV is increased in women with multiple sex partners, black women, those who use intrauterine devices, those who douche, and those who lack H2O2-producing strains of lactobacilli [3-6].

Complications


Bacterial vaginosis has been associated with a variety of adverse health outcomes including endometritis; postabortion endometritis; nongonococcal, nonchlamydial pelvic inflammatory disease; and an increased risk of acquiring and transmitting HIV infection [7-11]. In pregnancy, BV is associated with premature rupture of the membranes, chorioamnionitis, amniotic fluid infection, preterm labor, preterm birth, and postpartum endometritis [2,3]. Although further research is needed, several studies have documented postpartum complications in the infant (localized infectious complications, bacteremia, culture-negative sepsis syndrome, necrotizing enterocolitis, hypoxic ischemic encephalopathy, and cerebral palsy) [12•,13-15].

In March 1999, the United States Centers for Disease Control and Prevention (CDC) organized experts from around the United States as the Bacterial Vaginosis Working Group to review the current state of knowledge linking BV with adverse health outcomes [2]. The BV Working Group recommended research to better understand the etiology, epidemiology, and natural history of BV; to develop more efficacious treatments and strategies to reduce maternal complications of BV; to better understand the relation of BV to the acquisition of other sexually transmitted diseases including HIV; and finally, to develop a national prevention effort guided by the results of that research.

Epidemiology and risk factors


The prevalence of symptomatic BV ranges from 10 to 40% depending on the population studied. The risk factors vary, as seen below:

* Black race

* Cigarette smoking

* Intrauterine device

* Early age of sexual intercourse

* Oral sex

* New or multiple sexual partners

* Frequent douching (more than once per week)

* Sex during menses

* Sexual activities with another woman

BV is nearly three times more common among black women than white women [2]. This may be one of the treatable causes of the black-white gap in preterm delivery and low birth weight [16]. Many of the sociodemographic and lifestyle factors that increase the risk of BV are more common in black women; however, racial differences persisted even when these other risk factors were controlled for in a recent well-designed multicenter study in the United States (OR 2.2, 95% CI 1.2-3.8) (Gynecological Infections Follow-through, or GIFT study) [17]. Whereas earlier studies suggested that black women may be predisposed to BV because they have higher vaginal pH levels, this was not found in a recent analysis of data from the large Vaginal Infections and Prematurity study of 13,917 pregnant low-income women [18•].

Bacterial vaginosis is not considered to be a sexually transmitted infection because it is seen in women without sexual experience. In a large diverse nonclinical sample of young women entering the United States military, the overall prevalence of BV was 27%; 28% in sexually experienced women and 18% in those without sexual experience [19]. BV is, however, associated with certain sexual behaviors, including oral sex, multiple sexual partners, douching, sex during menses, and lesbian sexual activity such as oral anal receptive sex and failure to clean insertive sex toys [16,20-22]. Future studies with new techniques to characterize lactobacilli flora and G. vaginalis phenotypes and genotypes may clarify the issue of sexual transmission [23,24].

Douching is a common activity among young women and is associated with BV and other adverse reproductive health problems. The cause and effect of these associations are unclear [25•]. Although douching could have a direct effect on vaginal flora, it may be that the symptoms of BV (malodor, discharge) induce women to douche [26]. A recent study of adolescent women found that douching after menses had the strongest association with BV (OR 5.11, 95% CI 1.99-13.15) [27•]. Although it is difficult to evaluate douching and sexual behavior independently, a recent study found increased prevalence of BV only in the small group of women who douched more than once a week (2% women) [28•].

The vaginal ecosystem: importance of H2O2-producing strains of lactobacilli and host immune response in the female reproductive tract


The normal vaginal flora are believed to be an important protection against infection by genital pathogens, including HIV. Lactobacilli, facultative aerobic gram-positive bacteria that are normally present in the gut, mouth, and vagina, are a key component of the normal vaginal ecosystem. Lactobacilli are important in maintaining an acidic pH of the vagina by producing lactic acid from glucose [29].

Lactobacilli produce several antimicrobial compounds, including lactic acid, H2O2, lactacin, and acidolicin. H2O2 is likely the most important and interacts with peroxidases, producing a potent oxidant that is toxic to many bacteria [29,30••]. Women colonized with H2O2-producing lactobacilli are less likely to have BV and remain persistently colonized with lactobacilli [31,32]. Lactobacillus crispatus and L. jensenii seem to be the dominant H2O2-producing species in the healthy vagina [29,31]. Further recognition of the importance of products produced by the organisms found in BV, such as mucin-degrading enzymes (mucinases), proteases, and sialidases (neuroaminidases), and the role they may play in degrading the protective effects of cervical mucus, IgA, and enhancement of bacterial adhesion is only recently being explored (Table 1) [29,30••,33].
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It is not known what causes the shift in flora or why most women with BV have no inflammatory signs. We are only beginning to understand the role played by the immune system's mucosal and systemic responses in relation to the normal vaginal flora and to sexually transmitted pathogens. Whereas it is well established that adolescent women have the highest age-specific risk of acquiring sexually transmitted infections, even less is known about how adolescent women's immune response may differ from that of adult women and how BV might increase that risk [34,35]. Several groups have begun to study the cytokine and chemokine responses in the female reproductive tract, and this is a promising area of future research.

Are other microorganisms involved in the pathogenesis of bacterial vaginosis?


The microbial flora of the human vagina are complex, and previous techniques to understand the alterations seen in BV relied on culture, but many of the bacteria of the vagina are fastidious and difficult to grow. Newer techniques using polymerase chain reaction amplification have identified the gram-positive Atopobium vaginae as significantly increased in BV [36,37•]. It is an organism highly resistant to metronidazole, potentially explaining the high recurrence risk/treatment failure of BV after metronidazole treatment [38•]. Likewise, these new techniques may change our understanding of which strains of lactobacilli are the most common and important to maintain a healthy vaginal ecosystem, L. crispatus and L. iners being dominant in a healthy vaginal ecosystem [39].

Diagnostic considerations


Diagnosis is typically made according to Amsel's clinical criteria (showing three of the following four symptoms or signs: homogeneous, white adherent vaginal discharge; vaginal pH >4.5; detection of ‘clue cells’ on saline wet smear; and presence of amine odor with addition of KOH [‘whiff’ test])[40] or a laboratory-based gram stain diagnosis according to the criteria of Nugent [41] (Table 2), the ‘gold standard’ in research settings. The clinical criteria of Amsel remain the most widely used method for diagnosing BV in office settings, but the signs can be subtle and can depend on the experience and acuity of the clinician [41]. Currently three of the four clinical criteria are required for a diagnosis of BV; however, a recent study found that any two of four clinical criteria could be used without loss of sensitivity or specificity. Vaginal pH was the most sensitive criterion at 89%, and amine odor was the criterion with the highest specificity at 93% [42•].
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Two rapid point-of-care diagnostic kits for BV have become available commercially. The first kit has two cards, FemExam pH and Amines TestCard and the FemExam G. vaginalis proline aminopeptidase activity TestCard (Litmus Concepts, Santa Clara, CA).

By use of a colorimetric method, the first card provides rapid assessment of pH above 4.7 and trimethylamine, and the second card detects proline aminopeptidase activity of G. vaginalis. It has recently been evaluated in a study sponsored by the World Health Organization in a developing country, and if both cards were used (two of three test results positive) was found to have high sensitivity (91%) and specificity (61.5%) in comparison with the gold standard Nugent score in women symptomatic for vaginal discharge and/or itch, performing better than the Amsel clinical criteria [43].

The second diagnostic tool, the BV Blue system (Gryphus Diagnostics, LLC, Knoxville, TN) is a chromogenic test for the detection of sialidase activity in vaginal fluid specimens. High sensitivity (92.7%) and specificity (97.8%) were found in comparison with the gold standard of gram-stain diagnosis of BV, and this also performed better than Amsel's clinical criteria [44]. Self-sampling techniques are also acceptable to women, may improve efficiency in diagnosing BV, and have been shown to be both reliable and valid in diagnosing BV among pregnant women [45,46].

Culture of G. vaginalis is not recommended because it is not specific, and cervical Papanicolau tests to diagnose BV have low sensitivity [3].

Bacterial vaginosis and the risk of sexually transmitted infection and pelvic inflammatory disease


In a study of nonpregnant women, those with BV, if exposed to an infected partner, were four times as likely to have positive test results for Neisseria gonorrhoeae and 3.4 times as likely to have positive test results for Chlamydia than were those without BV [47]. Although this study was unable to establish causality, because it is unknown whether BV preceded the sexually transmitted infection, its results were consistent with those of earlier prospective studies in Africa that have shown an increased risk of HIV and N. gonorrhoeae acquisition in women with alterations of vaginal flora [10,11]. Likewise, a recent prospective study documented increased acquisition of herpes simplex virus type 2 by seroconversion when women had BV (21% attributable risk) than when they had normal vaginal flora [48].

Bacterial vaginosis is found commonly in women with pelvic inflammatory disease, and BV-associated organisms have been found in the upper genital tract. It has been unclear whether these organisms can cause pelvic inflammatory disease or ascend when N. gonorrhoeae or Chlamydia infection is present. Important results from the large prospective multicenter GIFT study have not found an increased risk for the development of pelvic inflammatory disease among a group of high-risk women with baseline BV, which supports the latter hypothesis [49••].

Bacterial vaginosis and preterm birth


A substantial body of literature has accumulated to show that intrauterine infection has a major role in the pathogenesis of preterm birth [50]. Inflammation in the vaginal fluid seems to increase the risk of preterm delivery [51,52]. Tumor necrosis factor (TNF)-[alpha] seems to be important in the mechanism of preterm labor associated with infection [53]. An intriguing study was recently published that examined the possibility that a gene-environment interaction determines the risk for spontaneous preterm birth [54••].

In this case-control study, TNF-[alpha] genotype was determined in women with preterm rupture of the membranes or preterm labor and control women who gave birth after 37 weeks and the environmental factor of symptomatic bacterial vaginosis. Women who carried the rarer TNF-2 allele (associated with promotor of TNF correlated with increased gene expression) were at increased risk of preterm birth (OR 2.7, 95% CI 1.7-4.5). This effect was modified by a history of symptomatic BV with an increased odds of preterm birth over women without BV (OR 6.1, 95% CI 1.9-21) [54••].

An excellent clinical opinion paper provides a background of the key issues involved in BV, the inflammatory response, and risk of preterm birth [55••]. The genetic control of the inflammatory response seems to be important and may explain why some but not all women with BV experience complications.

A recent meta-analysis with results for 20,232 patients confirms that in women with BV, the risk of preterm delivery before 37 weeks is more than doubled [56•]. In subgroup analysis combining smaller studies, it was suggested that BV in early pregnancy is a much stronger risk for preterm delivery: a more than sevenfold risk in women with BV before 16 weeks gestation and more than fourfold risk in women with BV before 20 weeks. Three studies examined spontaneous abortion and found that BV increased the risk nearly tenfold; however, a large trial in the United States did not support these findings (n = 12,937) [56•,57•].

Treatment of nonpregnant women


In 2002, the CDC BV Working Group published a review of the efficacy of treatments for BV in pregnant and nonpregnant women and concluded that currently recommended treatments for BV are less than optimal, with the effectiveness of treatment in the range of 80% at 1-month follow-up (80-92%) [2,58]. Although in the individual 10 studies comparing 5 to 7 days of oral metronidazole with a single 2-g dose of metronidazole no statistically significant differences were found, all except one study showed higher cure rates for the extended regimen, and thus a change from the 1998 to the 2002 CDC treatment guidelines was elimination of the single 2-g dose of metronidazole because it is less effective (Table 3) [3].
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Oral and topical metronidazole regimens are equally efficacious [3,58,59••]. Oral therapy can be associated with side effects, most commonly gastrointestinal upset, metallic taste, intolerance to alcohol, and infrequently neurologic or hematologic adverse reactions. Metronidazole topical therapy reduces systemic absorption and thus may have fewer side effects; however, in our experience some adolescents may be uncomfortable inserting vaginal preparations and find oral therapy more acceptable.

Although topical clindamycin and topical metronidazole have similar clinical efficacy, a recent study found that treatment of BV with clindamycin ovules is associated with significant development of antimicrobial resistance of anaerobic isolates. Of the anaerobic isolates, fewer than 1% had resistance to metronidazole at baseline, and resistance did not develop during the follow-up period of 3 months. By contrast, the anaerobic isolates had 17% baseline resistance to clindamycin, which increased to 53% after treatment. At baseline, 40% of the women had at least one clindamycin-resistant anaerobic isolate, and in the group exposed to clindamycin this increased to nearly 80% and persisted as long as 70 to 90 days [60••].

Does treatment of bacterial vaginosis in pregnancy prevent preterm birth or complications?


The CDC BV Working Group agreed that the evidence supports a causal relation between BV and adverse pregnancy outcomes, especially preterm birth. BV is present in as many as 15 to 20% of pregnant women; however, most of these women do not experience preterm birth or postpartum infectious complications. The Working Group found inconsistent results from intervention trials targeting BV to reduce preterm birth and thought that priority should be given to studies that examine screening and treatment strategies before pregnancy or in early pregnancy because a higher relative risk for preterm delivery is found among women with BV early in pregnancy and that it is associated with early miscarriage in the first trimester. They recommended further research to evaluate this relation [2].

The results of trials to treat BV in pregnancy have not proved to be effective in reducing the incidence of preterm birth. In fact, treatment with intravaginal therapy with 2% clindamycin increased the incidence of preterm delivery, possibly because of an anti-lactobacillus effect. It also significantly increased the incidence of sepsis and pneumonia in newborns (P = 0.013) [58].

In an ongoing Cochrane Review of antibiotics for treating BV in pregnancy [61••] it is reported that 13 high-quality trials involving 5300 women found that antibiotic treatment was effective in eradicating BV in pregnancy (OR 0.21, 95% CI 0.19-0.24) but was not significant in reducing the risk of preterm birth, reducing the risk of preterm prelabor rupture of the membranes, or decreasing the risk of subsequent preterm birth in women with a previous preterm birth. Only in women with a previous preterm birth was the use of antibiotics associated with decreased risk of preterm prelabor rupture of the membranes and low birth weight.

The current evidence thus does not support screening and treating all pregnant women for asymptomatic BV to prevent preterm birth, except possibly in women with a history of previous preterm birth. Women symptomatic for BV were generally excluded from these trials because they are treated, and these women may be at high risk for adverse pregnancy outcomes [61••].

Treatment of asymptomatic women


Controversy exists about the treatment of asymptomatic BV. From our clinical experience, especially for younger adolescents, they often do not recognize or mention that they have a symptomatic discharge until the provider begins the gynecologic exam. It is often the provider who recognizes the malodorous discharge. This raises a concern about the trend toward avoiding the pelvic examination in sexually active teens now that effective urine-based screening tools for N. gonorrhoeae and Chlamydia are available. For teens who do not need a Papanicolau smear, evaluation of vaginal discharge can be performed with blinded intravaginal swabs, even perhaps self-collected [62]. Teens who desire termination of pregnancy should not be directed to the abortion clinic after positive pregnancy test results, but rather should be examined first, both for psychosocial assessment and counseling and, as importantly, to be evaluated and treated for sexually transmitted infections and BV to avoid post-procedure complications. The evidence supports a lower rate of pelvic inflammatory disease with oral or intravaginal antibacterial treatment in women about to have a surgical abortion [59••].

Recurrent bacterial vaginosis


Although the cure rates of BV range from 80 to 90% at 1 week, within 3 months 15 to 30% of women have experienced recurrence, and in long-term follow-up half of women have at least one further episode of BV, with most of the recurrences correlated with new sexual contacts [63•]. This again raises the possibility of sexual transmission, but treatment of male sexual partners does not seem to benefit women [59••]. Recurrence of BV is more likely to be a relapse with failure to eradicate the pathogenic bacteria and failure to re-establish a healthy vaginal ecosystem with dominance of H2O2-producing lactobacilli than to be reinfection [64-66]. Approaches to prevent recurrence thus far have had limited success. These have included ‘bacteriotherapy’ or the use of probiotics to replace lactobacilli (vaginal or oral) [63,65,66] maintaining vaginal pH at or below 4.5 by the use of an acidifying gel, or preventing overgrowth of BV-associated bacteria with antibiotics. A combined approach targeting all of the interrelated abnormalities in BV (Fig. 1) might have more success [63•].
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	Figure 1. Therapeutic options in the prevention of bacterial vaginosis. Therapeutic options in the prevention of BV: a combined approach might work better. Published with permission [63]. BV, bacterial vaginosis. 




Conclusion


Bacterial vaginosis is common and is associated with serious reproductive health problems. Recent research has documented the importance of specific H2O2-producing strains of lactobacilli characterizing healthy vaginal flora. Still poorly understood is what causes the alteration in flora to begin with. Newer rapid point-of-care tests are available and will likely improve diagnosis in busy clinical settings. Understanding the differences in the immune response of the individual host may explain why some but not all women experience complications. The treatment of BV to prevent preterm labor has been disappointing. An active area of future research will be characterizing the mucosal and systemic immune response and gene-environment interactions with BV. Even with treatment, recurrence of BV is common, and future studies of strategies to maintain a healthy vaginal ecosystem, such as trials to re-colonize the vagina with suppositories of selected bacteria, are awaited.
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