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Foreword and rationale for thesis 

 

 As a junior hospital resident I worked on the AIDS ward at St Vincents 

Hospital in Sydney. This was my first encounter with a medical speciality related to 

sexual health and I enjoyed the combined elements of human behaviour, basic 

science and medicine that HIV medicine incorporated. In 1996 I thought I’d visit 

New Zealand as the Australasian Sexual Health Conference was being held in 

Auckland. To be honest, I remember nothing from the conference, except one 

presentation given by an American keynote speaker. For over an hour she talked 

about vaginal flora -both normal and abnormal- and I was engrossed and intrigued.  

I had expected the lecture to be extremely dull, but as it turned out it was the 

beginning of a personal fascination (some would say obsession) with bacterial 

vaginosis that persists to this day. 

 The following year I enrolled in a Masters of Medicine in Sexual Health/HIV 

Medicine at Sydney University. The coursework involved units in epidemiology 

and biostatistics which I found highly enjoyable at the time and which proved to be 

invaluable in terms of my future research. In the same year I started working at 

Sydney Sexual Health Centre (SSHC) as a sexual health registrar.  My work at SSHC 

entailed eliciting detailed behavioural information from each patient, and I became 

aware, subjectively, that the women who were having sex with women (WSW) 

appeared to be at significant risk of diseases, including the blood-borne viruses 

such as HIV and HCV, despite the commonly held belief that WSW were a low-risk 



3 
 

group for sexual ill-health. In particular, WSW appeared to suffer 

disproportionately with BV.  There was very little research on WSW and STIs , and 

it appeared to me most people, including sexual health specialists, held fixed ideas 

around lesbians and low sexual risk of disease that were based on very little 

information and a great deal of blind assumption.  This personal experience led to 

my Master's thesis "Sexually transmitted infections and risk behaviours in women 

who have sex with women." The data from the SSHC database that this thesis 

utilised clearly showed that the WSW seen at the centre were categorically 

different from the women whose behaviour was exclusively heterosexual. Firstly, 

they paradoxically had significantly greater numbers of male partners than the 

exclusively heterosexual women (a finding borne out in other WSW studies), their 

male partners were significantly more likely to be at high risk of HIV; i.e. bisexual 

men and injecting drug users (IDU), the WSW themselves were more likely to be 

IDUs, and finally their BV prevalence was significantly higher than their exclusively 

heterosexual counterparts. Women in the study known as "Gold Star Lesbians"  

who had never had sex with a man, also commonly suffered from BV.  This higher 

rate of BV did not appear to be related to their male sexual partners: even 

controlling for numbers of male partners, having a female sex partner was the 

most significant risk. This finding has also been replicated in many studies, 

especially a large American study of over 3700 women, which found women who 

had ever had a female sexual partner were more than twice at risk of BV, than 

those with only male partners. 
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 At the time, and still to this day in some quarters, BV was described as a 

vaginal overgrowth of abnormal bacteria that was definitely NOT an STI. This 

belief was supported by the fact that no counterpart disease was apparent in men, 

treatment of male partners of women with BV didn't appear to reduce recurrence 

rates, and so-called "virgins" sometimes suffered from BV (albeit at rates much 

lower than non-virgins). It should be noted at this point that the dominant cultural 

definition of virgin was, and remains, a woman who has not had vaginal sexual 

intercourse with a man. The world of micro-organisms probably does not share 

with us definitions based on and limited by religious and largely patriarchal 

historical prescription. That, however, is another thesis. 

 Regardless, why would WSW have such high rates of BV? Is there a genetic 

link between same-sex-attracted people and vaginal immunity? This seems like a 

long bow to draw, but the genetic argument has been used to explain the higher 

rates of BV in black women around the world. More recent findings that white 

women with black male partners also had a higher BV risk than other white 

women weighs against this genetic argument.  Is there another behavioural 

practice that WSW participate in more commonly than non-WSW? More smoking 

(which is true) or douching (which is not true)? This bizarre finding of extremely 

high rates of BV in WSW was completely unexplained. Ensuing studies began to 

find lesbian couples to have very high concordance of BV (75-95%), but this did 

not eliminate the possibility of another behaviour being implicated in BV 

acquisition and pathogenesis. 
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 After completing my Master's thesis I moved to Alice Springs in the arid 

zone of central Australia. My work there was overwhelming as the indigenous 

population of central Australia had some of the highest population rates of STIs 

recorded in the world. Gonorrhoea, Chlamydia, Trichomonas, syphilis, 

Donovanosis, herpes, warts, and BV. Because these infections were so common  

(screening performed each year found young women to have a greater than 50% 

chance of having gonorrhoea, chlamydia and/or trichomonas -see appendix 23), I 

was dealing with the immediate and severe complications of these infections on a 

daily basis. Severe PID and tubo-ovarian abscesses requiring salpingectomies, 

disseminated gonococcal infections causing endocarditis, arthritis and meningitis, 

miscarriages, premature babies, neonatal infections such as congenital syphilis, 

gonococcal conjunctivitis, chlamydial pneumonias, stillborn babies etc. In Alice 

Springs the burden of most of these complications disproportionately impacted 

very young women aged 12-18 years, a group almost completely powerless to 

speak out and demand help. I saw deaths in young people from these 

complications - a situation that would not be tolerated in urban Australia, or in a 

more powerful section of the community.  I mention this because at the time, 

lurching from emergency to emergency, BV appeared insignificant in comparison. 

 There were no population surveys of BV in women in central Australia. I 

knew from my work that BV was actually more common than normal flora, but 

there were no data to support this. The extremely high prevalence of Trichomonas 

also complicated BV detection rates as the laboratory utilised a hierarchical 

diagnostic approach, and if Trichomonas was detected, there was no comment on 
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the presence or absence of BV. I did manage to piggy-back a BV prevalence survey 

onto a Trichmonas PCR study that was being conducted on remote indigenous 

women, and this study found 34% BV and 33% Trichmonas. However, given the 

laboratory approach I mentioned, I would estimate the true BV prevalence to be 

67% and much higher in young women. In one remote aboriginal community I was 

asked by a remote-area nurse to review a woman because she had "pale dry walls" 

of her vagina. This in fact turned out to be a completely healthy woman with 

normal vaginal flora - an examination finding this nurse had not seen before, as her 

women's health experience was limited to indigenous women in remote 

communities.  

 The other fact about Alice Springs that links into this BV odyssey is the fact 

that per capita, Alice Springs has the highest percentage of WSW than any other 

town in Australia (unofficial data). In the clinic where I practised I was also seeing 

a BV epidemic in WSW emerging. The epidemic started when a lively blonde 

American WSW - gregarious, social and highly sexually active - moved to town. .  As 

I saw more and more WSW attending the clinic for vaginal odour and discharge, i.e. 

BV, it became apparent to me that most of these women had directly or indirectly 

been sexually involved with this newcomer. I decided to follow this BV trajectory 

and began attending dinner parties armed with pH paper and swabs. I had friends 

and housemates record sex diaries for me and take regular vaginal swabs so I 

could pinpoint the crucial implicating behaviour or incubation period of the 

disease. I even made up a BV medley song with my housemate that we performed 

(after a few wines) to raise the profile of BV amongst the WSW in town. I realise 
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that this may sound crazy to a casual reader, but I was fascinated by this disease 

that was so common and yet so poorly understood.  

 By this time, ten years after I first attended the lecture in Auckland, little 

progress had been made in determining what caused BV, how it was best treated 

and prevented, and most fundamentally, whether it was sexually transmitted. 

Enter Melbourne Sexual Health Centre (MSHC). I present in this thesis the 

result of three years working in this privileged environment under the aegis of 

Catriona Bradshaw and Kit Fairley. I believe I have contributed to advancing our 

collective knowledge of this mysterious disease.   

  The opportunity to work on this research project in such a highly 

professional and well-resourced centre has been an immense privilege. 

Nonetheless, I have strong misgivings. There is so much work that needs to be 

done in Alice Springs, so much morbidity and such acute suffering from STIs and 

their complications - and so few people on the ground (with even fewer resources) 

to cope with the overwhelming workload.   

 My hope is that if the mystery of BV can one day be solved, women in Alice 

Springs and around the world can benefit from the effective treatment and 

prevention of BV and the reduction of STI and HIV acquisition that would 

inevitably result. 

 

This thesis is dedicated to the women of central Australia - indigenous and WSW. 
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CHAPTER SUMMARY 

 

Abstract  

 

 Bacterial vaginosis (BV) is the commonest cause of abnormal vaginal 

discharge in women of reproductive age and can cause chronic unpleasant 

symptoms including discharge and odour. In public health terms, BV has a 

more significant role as a risk factor for a wide range of health problems, 

including preterm birth, spontaneous abortion, and enhanced transmission 

of sexually transmitted infections, including HIV. Microbiologically, BV is 

characterised by an overgrowth of anaerobic, genital mycoplasmas and other 

microorganisms and a corresponding decrease in important lactobacillus 

species. However, the aetiology, pathology, microbiology and transmission of 

BV remain poorly understood. Recommended treatment is with seven days of 

oral metronidazole or vaginal clindamycin: both have equivalent efficacy. 

However, more than 50% of women will experience recurrence of BV within 

12 months; whether this represents relapse or reinfection is not known. 

Clearly, more research is required into this intriguing condition.  
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BACKGROUND  

 

 Bacterial vaginosis (BV) is the commonest cause of abnormal vaginal 

discharge in women of reproductive age. Previous names for BV include 

“leukorrhea”, “nonspecific vaginitis”, “haemophilus vaginalis vaginitis” 

“gardnerella” and “anaerobic vaginitis”. Its changing name belies the 

interesting fact that, despite an increased understanding of its pathogenesis 

and sequelae, the precise aetiology of BV still remains unknown. 

Frustratingly for women and GPs, the treatment of BV is also less than 

satisfactory, and recurrences following recommended therapy remain 

common.  

 

BV is associated with significant symptoms and serious sequelae.  

 

 Bacterial vaginosis is an asymptomatic state in at least half of the 

cases. Symptomatic BV is characterised by a malodorous and often profuse 

vaginal discharge, which can cause considerable distress and discomfort. The 

typical odour associated with BV is thought to be related to abnormal 

amounts of bacterial sialidase and the bacterial amines, putrescine, 

cadaverine, and trimethylamine (Hillier and Holmes 1999). BV is associated 

with serious pregnancy-related sequelae, such as chorioamnionitis, 
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spontaneous abortion(Hay, Lamont et al. 1994; McGregor, French et al. 1995; 

Ralph, Rutherford et al. 1999), preterm delivery and low birth weight(Hay, 

Lamont et al. 1994; Hillier, Nugent et al. 1995; Govender, Hoosen et al. 1996), 

post-partum and post-abortion endometritis, and post hysterectomy vaginal-

cuff infection. It is estimated that BV contributes to 30% of preterm delivery 

in the USA at a cost of USD 1 billion per annum (Koumans and Kendrick 

2001). However, up to half of women with a diagnosis of BV have no 

symptoms at all. 

 

 Internationally, BV is important as it increases susceptibility to HIV 

and sexually transmitted infections (STIs) (Cohen, Duerr et al. 1995; 

Sewankambo, Gray et al. 1997; Taha, Hoover et al. 1998; Martin, Richardson 

et al. 1999). BV increases the risk of HIV transmission two to four 

fold(Sewankambo, Gray et al. 1997; Taha, Hoover et al. 1998) and has been 

estimated to contribute 23% to antenatal HIV seroconversion in a high 

prevalence population of pregnant women in Malawi(Taha, Hoover et al. 

1998). As BV is most prevalent in populations at risk of HIV, identifying more 

effective therapies for BV may prove integral to effective HIV control.  
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BV is one of the commonest genital conditions in women of 

reproductive age.  

 

 The prevalence of BV varies according to the population studied: from 

5-30% in pregnant women(Hay, Morgan et al. 1994; Cristiano, Rampello et al. 

1996; Goldenberg, Klebanoff et al. 1996),  20-40% in women attending sexual 

health services(Hill, Ruparelia et al. 1983; Hallen, Pahlson et al. 1987; 

Eschenbach, Hillier et al. 1988), over 33% in Indigenous Australian 

studies(Smith, Tabrizi et al. 2005), and in excess of 50% in sub-Saharan 

African and African-American women(Sobel 2000; Koumans, Sternberg et al. 

2007) (see Figure 1.1). A national Australian study recently completed that 

recruited women from general practices and STD clinic populations found BV 

prevalence to be 11.8% and an annual incidence of 8.8 per 100 woman years 

(Walker 2011). 
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Figure 1.1: BV prevalence surveys in different populations 

 

References: (Avonts, Sercu et al. 1990; Berger, Kolton et al. 1995; McClelland, 
Lavreys et al. 2005; Schwebke and Desmond 2005; Smith, Tabrizi et al. 2005; 
Koumans, Sternberg et al. 2007; Fethers, Fairley et al. 2009; Walker 2011)
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Pathophysiology of BV 

 

 Much of our knowledge of the microbiology of BV has been 

established using culture-based methods. BV is characterized by a 

complex disturbance of the normal vaginal flora, with a loss of hydrogen 

peroxide producing Lactobacilli bacteria and an increase in Gram 

variable coccobacilli (Gardnerella vaginalis and Bacteroides species (spp), 

anaerobic organisms (Mobiluncus spp, Fusobacterium spp, Prevotella spp 

and Peptostreptococcus spp) and genital mycoplasmas (Mycoplasma 

hominis and Ureaplasma urealyticum). There is an associated rise in 

vaginal pH, and increased production of proteolytic enzymes, organic 

acids and volatile amines(Hillier 1999). G.vaginalis has long been 

implicated in the development of BV, and recent research implicating it in 

biofilm formation (Swidsinski, Mendling et al. 2005; Harwich, Alves et al. 

2010; Patterson, Stull-Lane et al. 2010), has renewed interest in this 

potential pathogen. Recent published findings have suggested that G. 

vaginalis biofilms may be critical in BV pathogenesis and 

symptomatology (Swidsinski, Mendling et al. 2005).  The diagnostic clue 

cell in BV microscopy represents biofilm coated epithelial cells composed 

predominantly of G. vaginalis with sequestered A. vaginae and other 

bacteria. Whether biofilm-forming G. vaginalis is a unique virulent strain 
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of G. vaginalis possibly encountered through sexual activity, or 

endogenous G. vaginalis biofilm-associated-proteins are triggered by an 

environmental factor or infection with another microorganism, is still 

uncertain. As bacterial biofilms demonstrate a reduced susceptibility to 

antibiotic treatment (Xu, McFeters et al. 2000; Fux, Costerton et al. 2005; 

Swidsinski, Mendling et al. 2008), understanding the role and formation 

of G. vaginalis biofilms is likely to be integral to improving treatment and 

prevention of BV.  

 

 Recent studies employing DNA-based molecular methods have 

identified novel and fastidious organisms that are highly specific for BV (eg 

Atopobium vaginae and newly defined Clostridial species termed BVAB1, 

BVAB2 and BVAB3(Fredricks, Fiedler et al. 2005)). The spectrum of bacteria 

associated with BV appears to be far more diverse than previously 

thought(Fredricks, Fiedler et al. 2005). It may also be the case that different 

risk populations with BV vary with respect to their BV bacterial profile. Two 

studies have demonstrated that the microbiology of BV is heterogeneous 

both in relation to the bacteria detected and also to the relative contributions 

of different bacterial phylotypes to the total bacterial population (Burton and 

Reid 2002; Srinivasan and Fredricks 2008). In chapter 6 I discuss how our 

analysis of BV associated bacteria demonstrate that different specific BV 

organisms may differ in their epidemiology and that many appear to be 

sexually transmitted.  
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How to make the diagnosis of BV 

 

 BV is commonly diagnosed using one of two methods: the Amsel or 

the Nugent method. The Amsel method combines clinical and laboratory 

findings and is the most widely used method in clinical practice. BV is 

diagnosed if three or more of the following four criteria are present: a 

characteristic homogenous, white, adherent vaginal discharge (see Figure 

1.1), vaginal pH over 4.5, clue cells present on microscopy, and a positive 

amine test (the presence of a fishy odour upon addition of potassium 

hydroxide to vaginal secretions) (Amsel, Totten et al. 1983). The Clue cell is 

considered to be the most specific microscopic sign associated with BV and 

represents exfoliated vaginal epithelial cells studded with Gram-variable and 

Gram-negative cocco-bacilli (see Figure 1.2). The presence of Clue cells is 

routinely reported by most laboratories. Practitioners can measure vaginal 

pH by applying pH paper to vaginal secretions (not cervical mucus which has 

an elevated pH), and can have a bedside amine test by placing a drop of 

potassium hydroxide into the removed speculum and smelling the odour.  



34 
 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 1.2 Vaginal discharge in bacterial vaginosis 

Homogeneous white discharge typical of bacterial vaginosis 
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Figure 1. 3 The Clue cell  

The Clue cell represents Gram-variable cocco-bacilli adherent to exfoliated 

vaginal epithelial cells 
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 The current ‘gold standard’ to diagnose BV, which is widely used in 

clinical trials, consists of a microscopic score of vaginal bacteria and is called 

the Nugent method(Nugent, Krohn et al. 1991). This method scores the loss 

of lactobacilli, increasing numbers of Gram-variable and Gram-negative 

cocco-bacilli and increasing numbers of mobiluncus species. A score of 0-3 is 

considered normal flora (see figure 1.3), 4-6 as intermediate flora and 7-10 

as BV. Despite the widespread recognition of the Nugent method as one of 

the most objective methods for the diagnosis of BV, few commercial 

laboratories report a Nugent score if BV is queried by the practitioner. 

Although the Nugent method has shown high intraobserver and 

interobserver reproducibility, there are still concerns regarding this 

diagnostic system. In two international workshops the inter-observer 

reliability in scoring Gram-stained vaginal smears was generally good 

(Forsum, Jakobsson et al. 2002; Forsum, Larsson et al. 2008), however 

specific problems occurred; in particular there was divergent assessments 

between researchers as to which bacteria should be considered Gram-

positive rods and therefore which morphotypes are scored as lactobacilli, as 

well as which bacteria should be considered cocci versus small rods, leading 

to different Gardnerella categorization (Forsum, Jakobsson et al. 2002; 

Forsum, Larsson et al. 2008). In summary, at present there is no diagnostic 

test for BV that demonstrates high sensitivity, specificity and inter-centre 

reliability.  
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Figure 1.4 Gram stain of normal vaginal flora (Nugent score 0) 

Lactobacillus-dominant flora with no evidence of Gram-variable coccobacilli  

or Mobiluncus species
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 Point-of-care tests and DNA probe tests are in development and in the 

future these may offer sensitive and specific methods to detect BV, which 

may even be possible at the bedside. Recently, Menard et al. used molecular 

methods to target and quantify several BV associated bacteria. They 

demonstrated that the presence of A. vaginae at a level of 8 log 10 copies/ml 

or more and of G. vaginalis at a level of 9 log 10 copies/ml or more was highly 

predictive of BV, with a sensitivity of 95%, a specificity of 99%, a negative 

predictive value of 99% and a positive predictive value of 95% (Menard, 

Fenollar et al. 2008). This research also found that 57% of Nugent's 

intermediate flora would be classified as BV using this criteria of A. vaginae 

and G. vaginalis bacterial loads.  

 

 

Is BV a sexually transmitted infection?  

 

  Several factors indicate that BV is an infective process rather 

than just a derangement of vaginal flora. Observational evidence increasingly 

supports sexual transmission of BV(Marrazzo, Koutsky et al. 2002; Bradshaw, 

Morton et al. 2005; Schwebke and Desmond 2005; Bradshaw, Morton et al. 

2006; Fethers, Fairley et al. 2008). A recent meta-analysis found that BV is 

associated with recognised STI risk factors, such as multiple sexual partners, 
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and that condoms were protective against BV(Fethers, Fairley et al. 2008). 

However, there is evidence against the sexual transmission of BV. Studies 

testing the impact of male partner treatment have failed to reduce BV 

recurrence in women(Swedberg, Steiner et al. 1985; Vejtorp, Bollerup et al. 

1988; Mengel, Berg et al. 1989; Moi, Erkkola et al. 1989; Vutyavanich, 

Pongsuthirak et al. 1993; Colli, Landoni et al. 1997), and some studies have 

identified BV in women who have not engaged in penile-vaginal sex(Bump 

and Buesching 1988; Yen, Shafer et al. 2003). Research actively continues 

into the cause of this disease and whether or not it is a sexually transmitted 

infection. While aetiology and transmissibility remain unknown, the message 

to give patients and their partners is confusing; however, evidence for the 

prevention of BV does support the promotion of safe sexual practices, with 

advice to reduce the number of sexual partners and use condoms.  

 

  Interestingly, there is more data to support transmission of BV 

between women. Women-who-have-sex-with-women (WSW) have 

consistently demonstrated higher BV prevalence rates than exclusive 

heterosexually active women(Marrazzo, Koutsky et al. 2002; Bailey, Farquhar 

et al. 2004; Smart, Singal et al. 2004; Bradshaw, Morton et al. 2005; Koumans, 

Sternberg et al. 2007; Fethers, Fairley et al. 2008). The first evidence of 

female-to-female transmission of BV emerged in the 1950s when 

asymptomatic volunteers were directly inoculated with the vaginal 

secretions of women with BV, and BV was established in the 
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recipients(Gardner and Dukes 1955). Consistent with this concept, studies of 

female-female monogamous couples demonstrate extremely high 

concordance for BV (73-95%)(Berger, Kolton et al. 1995; Marrazzo, Koutsky 

et al. 2002). Given these findings, partner testing and treatment for WSW 

with BV is often recommended. 

 

BV and douching  

 

 BV has also been associated with a number of non-sexual behavioural 

factors such as douching.  While it is biologically plausible that these activities can 

have a direct effect on flora, they may also be an indirect measure of sexual 

behaviour as douching is highly interrelated with sexual activity and ethnicity. BV 

is highly prevalent in populations where douching is widely practiced, however 

douching is also uncommon in many countries and populations where BV is 

prevalent. The association is further confounded by temporality. Women will often 

douche in response to experiencing an unpleasant discharge and most studies have 

often not been able to establish that the practice preceded the onset of disease. The 

relationship between BV and douching is consistent and strong (Hawes, Hillier et 

al. 1996; Ness, Hillier et al. 2002; Schwebke, Desmond et al. 2004) but some 

studies have suggested douching to be an indicator of risk rather than a causal 

factor. In a USA study of 618 women, 366 (59%) had douched at some time. 

Women who douched were more likely to be black, less educated, younger, and of 
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lower socioeconomic status and less likely to use barrier contraceptives than non-

douchers. Women who douched were more likely to have a history of N. 

gonorrhoea, T. vaginalis, pelvic inflammatory disease, or other STD and the 

existence of 2 or more sexual partners in the previous month were reported 

significantly more frequently than in non-douchers (Rosenberg, Phillips et al. 

1991). It is possible that the act of introducing water or other agents into the 

vagina on a regular basis disrupts vaginal flora and allows overgrowth of 

anaerobic flora; however it is also possible that douching is a marker for sexual 

risk behaviours or poor healthcare seeking behaviour, which can be difficult to 

adjust for in studies. 

 

Hormonal factors in BV 

 

 Women who use combined hormonal contraception are generally 

considered to be at lower risk for BV and this is a consistent epidemiological 

finding (Moi 1990; Keane, Ison et al. 1997; Shoubnikova, Hellberg et al. 1997; 

Calzolari, Masciangelo et al. 2000). It is possible, since oestrogen increases 

epithelial cell glycogen, and as glycogen is a substrate for lactic acid production by 

lactobacilli, that hormonal contraceptives consequently increase lactic acid 

production. As lactic acid is a potent inhibitor of BV-associated organisms 

(Shoubnikova, Hellberg et al. 1997), this could provide a degree of protection 

against BV. However, women who use hormonal contraceptives may also differ 
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behaviourally from those who do not, and this can be difficult to control for in 

studies.  The observation that lower oestradiol levels predispose to BV may explain 

why BV is more common early in the menstrual cycle and BV is less common in 

pregnancy when oestradiol levels are high. Older women using HRT are also more 

likely to have vaginal lactobacilli than non-HRT users (Wilson, Lee et al. 2007). 

 

BV and smoking 

 

Smoking has been shown to be a risk factor for BV in a large number of 

studies, and a dose dependent relationship between BV and smoking has also been 

reported (Larsson, Platz-Christensen et al. 1991; Hay, Morgan et al. 1994; 

Shoubnikova, Hellberg et al. 1997; Goldenberg and Das 2000; Hellberg, Nilsson et 

al. 2000; Bailey, Farquhar et al. 2004; Smart, Singal et al. 2004). Smoking is a risk 

factor for many STIs. It may be an indirect measure of behaviour, or may increase 

the risk of disease or disease persistence if infected by altering vaginal immune 

function. Investigators have proposed the accumulation of amines in the vagina of 

smokers may play a role in modulating vaginal flora or may deplete Langerhan 

cells in cervical epithelium and which may lead to local immunosuppression. 

(Schwebke, Richey et al. 1999). Another explanation is that smoking is thought to 

have an anti-oestrogenic effect. Women who smoke have lower midcycle and luteal 

phase oestradiol levels and this in itself may predispose to BV (Wilson, Lee et al. 

2007).  
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BV treatment 

 

  As the cause of the syndrome is unclear, current treatment for 

BV is directed towards alleviation of symptoms and restoration of normal 

flora, rather than eradication of a specific aetiologic agent. First line 

internationally recommended therapies include seven days of oral 

metronidazole (400mg bd) or vaginal clindamycin (1g nocte) . These 

antibiotics have equivalent one month efficacy with cure rates of 70-

90%(Koumans, Markowitz et al. 2002), but recurrence rates in excess of 50% 

within six months of treatment have been described(Colli, Landoni et al. 

1997). Single dose therapies such as 2g of metronidazole have been shown to 

be less effective than seven day regimens and are considered second line 

therapies(Koumans, Markowitz et al. 2002). Until recently longer term data 

about rates of recurrence were lacking; however, a recent large prospective 

Australian study of BV over 12 months after seven days of oral metronidazole 

found recurrence rates for BV at 58%(Bradshaw, Morton et al. 2006) (Figure 

1.5). Factors associated with recurrence of BV and abnormal flora in this 

study are shown in Table 1. Frustratingly, it is not known if recurrence is due 

to relapse of disease or re-infection(O'Brien 2005; Eschenbach 2007), 

although some treatment trials report that re-exposure to a regular partner 
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and lack of condom use after treatment increased recurrence rates of 

BV(Sanchez, Garcia et al. 2004; Bradshaw, Morton et al. 2006). 

 

 Serious infectious complications of BV include pelvic inflammatory 

disease following invasive procedures such as termination of pregnancy 

(TOP). Several studies have investigated the benefits of treating women 

with BV prior to TOP and, although inconsistent, results have supported 

routine screening and treatment of BV for women being referred for 

invasive upper genital tract procedures, such as TOP and IUD-

insertion(Koumans, Markowitz et al. 2002; Sanchez, Garcia et al. 2004; 

O'Brien 2005; Eschenbach 2007). Screening should also include other 

lower genital tract infections such as C. trachomatis and N. gonorrhoea. 

The management of BV in pregnancy is complex and beyond this scope of 

this overview.  
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Table 1-1 Behavioural and contraceptive practices associated with recurrences of bacterial vaginosis (BV) and 

abnormal vaginal flora over the course of 12 months. 

 

J Infect Dis. (2006) 193 (11): 1478-1486.   
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Figure 1.5 Recurrence rate of bacterial vaginosis 

 

J Infect Dis. (2006) 193 (11): 1478-1486
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 While a recent review of BV treatments concluded that “… no sound 

scientific basis exists for recommending any particular treatment” (Crowley, 

Low et al. 2001), seven day regimens with either oral metronidazole or 

vaginal clindamycin are currently considered first line therapy for BV. 

Improved regimens for the treatment of BV are clearly needed, in particular 

given the public health significance of BV in pre-term delivery and HIV 

transmission. It is understandable, in the absence of a clear aetiology or 

causative agent(s) for BV, and the lack of knowledge as to whether 

reinfection is occurring, that our management of this common condition is 

less than ideal.  

 

CONCLUSION 

 

 Further research is clearly needed into the aetiology, pathogenesis 

and optimal treatment for this intriguing and common condition currently 

known as bacterial vaginosis. Better understanding and treatment will 

clearly have significant international public health implications for women, 

expecting parents and transmission of STIs, including HIV. 
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Appendix 1: Bacterial Vaginosis: More Questions Than Answers. 
Australian Family Physician, June 2009.  
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Chapter 2   
 

 

 

Sexual risk factors and bacterial vaginosis: a systematic 

review and meta-analysis  

 

  

 

Publication arising from this work 

 

 

Sexual risk factors and bacterial vaginosis: a systematic review and meta-

analysis. Fethers KA, Fairley CK, Hocking JS, Gurrin LC, Bradshaw CS. Clinical  

Infectious Diseases 2008 Dec 1;47(11):1426-35. 
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CHAPTER SUMMARY 

 

Abstract 

 

This chapter presents a systematic review and meta-analysis of the association 

between sexual risk factors and bacterial vaginosis(BV).  

Forty-three studies reported new or multiple sexual partners (SPs) and 

condom use relative to prevalent, incident or recurrent BV. The summary estimate 

of risk associating BV with new or multiple male SPs was 1.6 (95% confidence 

intervals [CIs] 1.5-1.8), with female SPs was 2.0 (95% CIs 1.7-2.3) and with condom 

use was 0.8 (95% CIs 0.8-0.9).   

This review is the first to summarise available observational data for BV. It 

shows that BV is significantly associated with sexual contact with new and multiple 

male and female partners, and that decreasing unprotected sexual encounters may 

reduce incident and recurrent infection. Investigation of sexual transmission of BV is 

limited by the absence of a clear microbiological aetiology; however, I have shown 

that the epidemiological profile of BV is similar to that of established sexually 

transmitted infections. 
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BACKGROUND 

 

Bacterial vaginosis (BV) is one of the commonest genital infections in women 

of reproductive age (Lamont, Morgan et al. 2000; Allsworth and Peipert 2007), yet 

its precise aetiology and whether it is sexually transmitted is unknown. BV is 

characterised by a disturbance of normal vaginal flora, with a loss of H202 

producing Lactobacillus species, and an increase in Gram variable coccobacilli, 

anaerobic organisms and genital mycoplasmas. Importantly, BV is associated with 

serious sequelae, such as chorioamnionitis, spontaneous abortion, preterm delivery 

and low birth weight, post-partum and post-abortion endometritis (Gravett, Nelson 

et al. 1986; Hillier, Nugent et al. 1995; Meis, Goldenberg et al. 1995; Goldenberg, 

Andrews et al. 1997) and increased susceptibility to HIV and sexually transmitted 

infections (STIs) (Taha, Hoover et al. 1998; Wiesenfeld, Hillier et al. 2003; Cherpes, 

Melan et al. 2005). Current treatments result in unacceptably high recurrence rates 

(Koumans, Markowitz et al. 2002; Bradshaw, Morton et al. 2006). 

Over the last 30 years there has been considerable debate over whether BV is 

a sexually transmitted condition, or if it is simply an ecological imbalance of vaginal 

microflora that can arise as a consequence of a range of activities or factors. If I are 

to make any improvement to the efficacy of current therapies and to have an impact 

of the adverse sequelae associated with BV, I need to establish whether the high 

rates of recurrence following current therapies represent inadequate treatment and 

disease persistence, or reinfection from sexual partners. 
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In the absence of a clear aetiological agent, epidemiological studies can assist 

in understanding the contribution of sexual activity to the development of BV in 

women and to recurrence following therapy. Risk factors associated with 

established STIs include a recent change of sexual partner, increased numbers of 

sexual partners, young age at coitarche, previous history of sexually transmitted 

infections (STIs), inconsistent condom use, barriers to accessing health services and 

young age. I undertook a systematic review and meta-analysis of the published 

literature that investigated factors associated with BV, with the aim of evaluating 

the epidemiological evidence that may support or refute the hypothesis that BV is 

sexually transmitted.   

 

METHODS 

 

A Medline search of the published literature was conducted from 1992, when 

Medline introduced the search heading “bacterial vaginosis”, until November 2007.  

Relevant articles prior to 1992 that were cited in identified articles were also 

included.  

Medline subject search terms included “bacterial vaginosis” and “vaginosis, 

bacterial” and Medline qualifying terms included “epidemiology”, “transmission” 

and “prevention/control”. The search headings “condoms”, “sex partners”, 
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“incidence” and “recurrence” were also used in combination with the topic search 

word “bacterial vaginosis”. 

This search resulted in the retrieval of 1130 articles. Studies were reviewed 

for relevance to the sexual risk factor associations with BV.  Studies were included if 

they were: English language, the diagnosis of BV was made using the Amsel’s 

method or a Gram stain method (eg Nugent method), had at least 50 participants 

and measured at least one of the following sexual risk factors: number of past sexual 

partners, recent change in or new sexual partner or reported condom use. All study 

designs were included. Studies involving pregnant women and studies for which 

relative measures were not available (or raw data was not provided if relative 

measures were not provided) were excluded. Cited references were also assessed 

for inclusion. 

Available evidence was then prepared in figure form to summarise the key 

study findings. A table of studies is provided which outlines the potential 

generalisability of the findings, and the important confounding factors that have 

been controlled for in multivariable analyses (douching, smoking, frequency of sex, 

race and age). For the purpose of this review I selected the following main 

epidemiological associations of sexual risk: number of recent and past sexual 

partners, recent change in sexual partner (often reported as new sexual partner) 

and condom use.  

The relative measures displayed in the figures were selected using the 

following hierarchies; adjusted measures were used when available and crude odds 



57 
 

ratios were included in their absence. When multiple measures of sexual risk were 

provided, more recent time intervals were selected (ie previous 12 months over 

lifetime sexual partners) and “new sexual partner” was used if available in 

precedence to “multiple sex partners”. For treatment trials where BV recurrence 

was the outcome, the additional risk factor of regular sexual partner was included, 

where reported, and prioritized over new sexual partner. The reasoning behind this 

was that in treatment trials the probability that BV recurrence arose from a new 

partner was considered to be substantially less than the probability of ‘re-infection’ 

from an existing partner.  

A summary estimate was calculated for the association of each risk factor 

with BV. A fixed effects meta-analysis was used to generate a pooled measure of 

association between the risk of BV and sexual risk. Heterogeneity between the 

individual measures of association contributing to the analysis was assessed using a 

test statistic that has a chi-squared distribution under the null hypothesis that the 

underlying effect size at the population level is the same across all studies. 

Publication bias was assessed by visual inspection of funnel plots that plotted the 

log of the effect size on the horizontal axis against the corresponding standard error 

on the vertical axis. OpenEpi (Version 2.2.1) was used to recalculate ORs and 

confidence intervals (CIs), and STATA software (Version 9, STATACorp) was used 

for figures and meta-anaylsis.  
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RESULTS 

 

Of the 1130 identified articles, 43 satisfied the inclusion criteria: 10 cohort 

incidence studies, 3 cohort treatment recurrence studies, 5 case-control studies and 

25 cross-sectional studies (Table 2.1).
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Table 2-1 Characteristics of 43 studies in systematic review 

 

Studies 

classified 

according to 

type 

 

Study population (n), BV incidence,  

recurrence or prevalence and 

follow-up 

 

Sexual risk factor and duration of exposure  

 

Relative 

Measure 

HR/RR/OR 

 

Adjusted  

variables 

 

Cohort studies 

 

    

Avonts et al. 
(Avonts, Sercu et 
al. 1990) 

Belgium, GP patients  
n=231 
BV incidence 19.9%  
Follow up 2 years 

≥2 SPs in 24 months   2.5 (1.4-4.5)c  

Barbone et al. 
(Barbone, Austin 
et al. 1990) 

USA, STD clinic attendees 
n=818 
BV incidence 38.8%  
Follow up 6 months 

≥3 SPs in prior month    
 
 
 

1.8 (1.2-2.7)a  SF, R, A 
 
 

Cherpes et al. 
(Cherpes, Hillier 
et al. 2008) 

USA, University students, STD clinic 
and Family Planning attendees 
n=773, BV incidence 36/100 WY 
Follow up 12 months 

 New SP in prior 4 months    1.3 (1.0-1.8)c  D, SF, S, R,  

Hawes et al. 
(Hawes, Hillier et 
al. 1996) 

USA, STD clinic attendees 
n=182, BV incidence 27.4%  
Follow up 2 years 

New SP in prior 4 months    
Barrier methods of contraception in prior 4 
months   

2.5 (1.3-4.6)a  

0.8 (0.3-1.7)a  
D, SF, S, R, A 

Hutchinson et al. 
(Hutchinson, Kip 
et al. 2007) 
 

USA, Family Planning, University 
clinics, O&G, STD clinic attendees. 
n=871 
BV prevalence at 3 years 43% 
Follow up 3 years 

100% condom use for last 10 sex events   0.4 (0.2-0.7)a   D 
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McCelland et al. 
(McClelland, 
Lavreys et al. 
2005) 

Kenya, sex workers 
n=1215 
BV incidence 169.5/100WY 
Follow up 10 years 

100% condom use prior month    0.9 (0.8-1.0)c  

Nagot et al. 
(Nagot, 
Ouedraogo et al. 
2007) 

West Africa, sex workers 
n=273, BV incidence 43.6% 
Mean follow up 8.5 months 

≥3 SPs in prior week    
100% condom use prior 3 months    

2.2 (1.1-4.6)a   
1.0 (0.7-1.4)c   

D, R 

Nansel et al. 
(Nansel, Riggs et 
al. 2006) 

USA, Health clinics, n=3614 
BV incidence N/A 
Follow up 12 months 

New SP  in prior 3 months   1.5 (1.1-2.2)c  D, SF, R, A 

Ness et al. (Ness, 
Kip et al. 2006) 

USA, Family Planning, University 
clinics, O&G, STD clinic attendees. 
n=1193 
BV incidence 20% 
Follow up 3 years  

Non-monogamy in prior 2 months  
 
 

2.0 (1.3-3.2)a 
 

D, S, R 

Schwebke et al. 
(Schwebke and 
Desmond 2005) 

USA, STD clinic attendees 
n=96, BV incidence 2.3/WY 
Follow up 12 months 

New SP since last visit   
100% condoms with casual SP since last visit  
 

1.7 (1.1-2.9)a 

0.8 (0.7-1.0)c    
 

D, R, SF, S 

 

BV treatment 

trials 

 

    

Bradshaw et al 
(Bradshaw, 
Morton et al. 
2006) 

Australia, STD clinic attendees n=139  
BV recurrence 58%  
Follow up 12 months 

Regular SP prior to endpoint    
Female SP prior to endpoint    
>50% condom use prior to endpoint    

3.1 (1.6-6.3)a  
3.6 (1.5-8.5)a 

0.7 (0.4-1.1)c 

D, SF, S, R, A 
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Sanchez et al. 
(Sanchez, Garcia 
et al. 2004) 

Peru,  O&G clinic n=138  
BV recurrence 42% 
Follow up 104 days 

100% condom use prior to endpoint    0.2 (0.1-0.7)a D, SF  

Schwebke et al. 
(Schwebke and 
Desmond 2007) 

USA, STD clinic attendees  n=568 BV 
recurrence 26.2% 
Follow up 3 months  

New SP in prior month    
100% condom use prior to endpoint  

1.0 (0.6-1.7)a 

0.7 (0.5-0.9)a  
D, R, S 

 

Case controlled 

studies 

 

    

Bradshaw et al. 
(Bradshaw, 
Morton et al. 
2005) 

Australia, STD clinic attendees 
n=342 
Cases: BV 
Controls: no BV 
 

New SP in prior 12 months    
100% condom use in prior 3 months    
Female SP in prior 3 months   
 

2.1 (1.0-4.2)a    
1.2 (0.7-1.9)c 

2.0 (0.9-4.4)c 

 

D, SF, S, R, A 

Brotman et al. 
(Brotman, 
Erbelding et al. 
2007) 

USA, STD clinic attendees 
n=762 
Case group: BV 
Controls: no BV 

New SP in prior 30 days   1.3 (0.9-1.9)a 
 

 

Chiaffarino et al. 
(Chiaffarino, 
Parazzini et al. 
2004) 

Italy, O&G clinics 
n=926 
Case group: BV 
Controls: no BV 

>1 SPs in prior month   
Barrier methods of contraception in prior 
month   

1.8 (1.1-2.9)a  
1.0 (0.7-1.4)a  

D, SF 

Larsson et al. 
(Larsson, Platz-
Christensen et al. 
1991) 

Sweden, Pap smear register 
n=641 
cases: BV 
controls: no BV 

>5 lifetime SPs    3.8 (2.3-6.2)c  S 

Smart et al. 
(Smart, Singal et 

Australia, STD clinic attendees 
n=1780 

≥3 SPs in prior 12 months    
100% condom use in prior 3 months    

1.6 (1.2-2.0)a 
0.5 (0.3-0.7)a 

S, R 
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al. 2004) cases: BV 
controls: no BV 

≥1 Female SP in prior 12 months  
 

2.0 (1.3-3.3)a 
 

 

Cross sectional 

studies 

 

    

Ahmed et al. 
(Ahmed, Lutalo et 
al. 2001) 

Sub-Saharan Africa, rural women, 
n=9536 
BV prevalence reported in  
Condom users – 47.4% 
No condoms – 52.1% 
Follow up 30 months 

Consistent condom use in prior 10 months   0.9 (0.7-1.1)a A 

Bailey et al. 
(Bailey, Farquhar 
et al. 2004) 

UK, Lesbian/bisexual GUM clinic 
N=708 
BV prevalence 31.4% 

≥2 female SP in prior 12 months    2.5(1.1, 2.0)c S, D, SF, R  

Brabin et al. 
(Brabin, 
Fairbrother et al. 
2005) 

UK, STD clinic, females ≤17 years  
n= 127 
BV prevalence 33.9% 

New SP in prior 3 months    
Condom use for last sex     

1.3 (0.6-2.9)a  
0.8 (0.4-1.7)a 

S, SF, D, A 

Bukusi et al. 
(Bukusi, Cohen et 
al. 2006) 

Kenya, STD clinic and Family Planning 
clinic 
n=219 women 
BV prevalence 44% 

>1 male lifetime SP   2.0 (1.0-3.9)a D, SF, R 

Calzolari et al. 
(Calzolari, 
Masciangelo et al. 
2000) 

Italy, O&G clinic 
n=1314 
BV prevalence 16% 

>2 lifetime SPs     
Condom use for contraception    

1.8 (1.3-2.5)a 

0.6 (0.3-1.0)a 
A 

Cu-Uvin et al. (Cu-
Uvin, Hogan et al. 

USA, HIV high risk women (HER Study 
cohort) n=1167 

Multiple SPs  in prior 6 months   
100% condom use in prior 6 months    

1.4 (1.0-1.9)a 

0.8 (0.6-1.1)a 
R, S 
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1999) BV prevalence 34% 

Evans et al. 
(Evans, Kell et al. 
1998) 
 

UK, STD clinic n=948 
BV prevalence 9.3% 

≥1 female lifetime SP     5.9 (2.1-16.6)c  

Evans et al. 
(Evans, Scally et 
al. 2007) 

UK, community and clinic populations 
n=360 
BV prevalence 19.4% 

≥1 female lifetime SP   
 

2.5 (1.3-4.8)a 

 
D, S, SF, R 

Fethers et al. 
(Fethers, Marks 
et al. 2000) 

Australia, STD clinic attendees 
n=2831 
 

≥1 female lifetime SP   
 

1.7 (1.2–2.3)a  S, R  

Guerriero et al. 
(Guerreiro, 
Gigante et al. 
1998) 

Portugal, Family Planning clinics 
n=840 
BV prevalence = 7% 

Condom use for contraception   1.1 (0.4-2.7) A, R 

Holzman et al. 
(Holzman, 
Leventhal et al. 
2001) 

USA, University clinic, Family 
Planning 
n=496 
BV prevalence 28% 

>15 lifetime SP     2.2 (0.9-5.4)c D, SF, R 

Koumans et al. 
(Koumans, 
Sternberg et al. 
2007) 

USA, Population study 
n=3739 
BV prevalence 29.2% 

≥6 lifetime SPs     
≥1 lifetime female SP    
  

2.4 (1.6-3.8)a 
2.1 (1.5-3.0)a 

S, R, D 

Marrazzo et al. 
(Marrazzo, 
Koutsky et al. 
2002) 

USA, self-selected WSWs n=326 
BV prevalence 25% 

≥7 female lifetime SPs     2.2 (1.1-4.5)a  S, D, SF, R  

McCaffrey et al 
(McCaffrey, 

UK, Lesbian STD clinic n=91 
BV prevalence 51.6% 

≥3 female lifetime SPs    
 

3.5 (0.9-14.0)c  
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Varney et al. 
1999) 

  

Moi et al. (Moi 
1990) 

Sweden, STD clinic attendees 
n= 2128 BV prevalence 26% 

Barrier contraception for contraception   0.6 (0.4-0.9)c  

Morris et al. 
(Morris, Rogers et 
al. 2001) 

UK, STD clinic attendees 
n= 8989 
BV prevalence 12.9% 

>1 SP in prior 3 months    1.4 (1.2-1.7)a 
 

R 

Myer et al. (Myer, 
Denny et al. 
2005) 

South Africa, Pap smear attendees 
n=324 BV prevalence 16% 

>1 SP in prior month    
Condom use ever    

1.6 (0.1-39.1)c 

0.4 (0.2-1.0)c 
 

Nilsson et al. 
(Nilsson, Hellberg 
et al. 1997) 

Sweden, Family planning and youth 
clinics 
n=956 BV prevalence 13.7% 

>1 SP in prior month    5.4 (2.4-12.1)a S 

Patel et al. (Patel, 
Weiss et al. 2006) 

India, primary health clinic 
n=2432 BV prevalence 17.8% 

Condom use in prior 12 months   0.6 (0.3-0.9)a R 

Peters et al. 
(Peters, Van 
Leeuwen et al. 
1995) 

Netherlands, O&G clinic, Women with 
CIN  
n=280 BV prevalence 20% 

≥3  lifetime SPs     2.3 (1.0, 6.0)c  

Schwebke et al. 
(Schwebke, 
Desmond et al. 
2004) 

USA, University students and GP 
clinic. Women who douche 
n=250 BV prevalence 44.8% 

>1 SP in prior 3 months    
100% Condom use for  last 5 sex events  

1.9 (1.0-3.6)c 

0.8 (0.4-1.4)c 
 

Shoubnikova et 
al. (Shoubnikova, 
Hellberg et al. 
1997) 

Sweden, Family planning clinics 
n=956 BV prevalence 13.7% 

Condom use for contraception  0.4 (0.2-0.8)a S 

Skinner et al. 
(Skinner, Stokes 

UK, STD clinic attendees 
n=482 

≥1 lifetime female SP   
  

3.2 (1.9-5.3)c   
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et al. 1996) BV prevalence 19%    

Warren et al. 
(Warren, Klein et 
al. 2001) 

USA, High HIV risk women  n=1288 
BV prevalence 46% 

≥2 SP in prior 6 months    
≥1 Female SP in prior 6 months  

1.7 (1.2-2.5)a 

1.8 (1.1-2.9)a 
R, S, SF,  

Yen et al. (Yen, 
Shafer et al. 
2003) 

USA, Military recruits n=1938 
BV prevalence 27% 

>1 SP in prior 3 months    1.3 (1.0-1.7)a R 

 

NOTE  HR/RR/OR , hazard ratio/risk ratio/odds ratio; D, douching; SF, sex frequency; S, smoking; R, race; A, Age;  GP, general practice; 
SP, sexual partner; c  , crude; a  , adjusted; STD, sexually transmitted diseases; WY, women years; N/A, not available; O&G, obstetrics and 
gynaecology; GUM, genitourinary medicine; HER, HIV Epidemiology Research; WSW, women who have sex with women; CIN, cervical 
intraepithelial neoplasia.
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Association between BV and sexual partners  

 

BV and male sexual partners  

 

Twenty-eight studies fulfilled the inclusion criteria and reported numbers 

of male sexual partners and/or recent change of male sexual partner (Figure 2.1). 

Eight were cohort studies and all found an association between incident BV and 

increasing numbers of male sexual partners and/or a recent change of male 

partner (relative risk [RR] range 1.3-2.5) (Avonts, Sercu et al. 1990; Barbone, 

Austin et al. 1990; Hawes, Hillier et al. 1996; Schwebke and Desmond 2005; 

Nansel, Riggs et al. 2006; Ness, Kip et al. 2006; Nagot, Ouedraogo et al. 2007; 

Cherpes, Hillier et al. 2008). Two were treatment recurrence studies; one found a 

strong association between recurrent BV and remaining with a regular sex partner 

(RR 3.1, 95%CIs 1.6-6.3), while the other reported only new sexual partner and 

found no association with BV (Bradshaw, Morton et al. 2006; Schwebke and 

Desmond 2007). Five were case-control studies and four found a strong 

association between BV and increasing number of male sexual partners and/or a 

recent change of male partner (Odds Ratios [ORs] range 1.6-3.8) (Larsson, Platz-

Christensen et al. 1991; Chiaffarino, Parazzini et al. 2004; Smart, Singal et al. 2004; 

Bradshaw, Morton et al. 2005; Brotman, Erbelding et al. 2007). Thirteen were 

cross-sectional studies and 10 found evidence of an association between BV and 

increasing number of male sexual partners and/or a recent change of male partner 
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(ORs range1.3-5.4) (Peters, Van Leeuwen et al. 1995; Nilsson, Hellberg et al. 1997; 

Cu-Uvin, Hogan et al. 1999; Calzolari, Masciangelo et al. 2000; Holzman, Leventhal 

et al. 2001; Morris, Rogers et al. 2001; Warren, Klein et al. 2001; Yen, Shafer et al. 

2003; Schwebke, Desmond et al. 2004; Brabin, Fairbrother et al. 2005; Myer, 

Denny et al. 2005; Bukusi, Cohen et al. 2006; Koumans, Sternberg et al. 2007). 

The estimated risk of 1.6 (95%CI: 1.5-1.8) showed a positive association 

between male sexual partners and the risk of BV. There was strong evidence 

against the null hypothesis of homogeneity of effect size of BV risk associated with 

male sexual partners (p<0.01).  
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Overall

Schwebke, 2004

ID

Brabin, 2004

Bradshaw, 2006

Morris, 2001

Calzolari, 2000
Bukusi, 2006

Cu-Uvin, 1999

Brotman, 2007

Nilsson, 1997

Chiaffarino, 2004

Hawes, 1996

Larsson, 1991

Warren, 2001

Study

Peters, 1995

Myer, 2005

Holzman, 2007

Schwebke, 2007
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Smart, 2004

Ness, 2006

Cherpes, 2007
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Figure 2.1: Forest Plot for male sex partners and risk of BV 

Test for heterogeneity – X2 test=48.18, p=0.007. 
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BV and female sexual partners 

 

Twelve studies reported sex with female partners in relation to BV and 

fulfilled the inclusion criteria (Figure 2.2).  One was a cohort treatment study and 

found BV recurrence was more likely if a woman reported a female sexual partner 

following treatment (RR 3.6, 95%CIs 1.5-8.5) (Bradshaw, Morton et al. 2006). Two 

were case-control studies, and one found a strong association between prevalent 

BV and recent sex with a female partner (OR 2.0, 95%CIs 1.3-3.3), the other 

demonstrated a trend towards BV and female partners but did not reach 

significance (OR 2.0, 95%CIs 0.9-4.4) (Smart, Singal et al. 2004; Bradshaw, Morton 

et al. 2005). Nine were cross-sectional studies and three found a strong association 

between BV and greater numbers of female sexual partners (OR range 2.2-3.5) 

(McCaffrey, Varney et al. 1999; Marrazzo, Koutsky et al. 2002; Bailey, Farquhar et 

al. 2004). The other six studies were larger cross-sectional studies, and although 

they did not report numbers of female sexual partners, they estimated large effect 

sizes for the association between BV and history of any female sexual partner (OR 

range 1.7-5.9) (Skinner, Stokes et al. 1996; Evans, Kell et al. 1998; Fethers, Marks 

et al. 2000; Warren, Klein et al. 2001; Evans, Scally et al. 2007; Koumans, Sternberg 

et al. 2007). 



70 
 

The estimated risk of 2.0 (95%CI: 1.7-2.3) showed that female sexual 

partners had a positive association with the risk of BV. There was no evidence 

against the null hypothesis of homogeneity in effect sizes across studies 

contributing data to the overall estimate of risk of BV associated with female 

sexual partners (p=0.18). 
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Overall

Smart, 2004
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Skinner, 1996

ID
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  1.5 1 2 5 10 20

 

 

Figure 2.2: Forest Plot for female sex partners and risk of BV 

Test for heterogeneity – X2 test =  15.10 (d.f. = 11) p = 0.178 
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Association between BV and condom use 

 

Twenty studies fulfilled the inclusion criteria and reported condom use 

(Figure 2.3). Measurement of condom use varied considerably across studies and 

is reported for each study in Table 2.1. Eight cohort studies including three 

treatment trials were included and five found evidence of a reduction in risk of 

incident or recurrent BV and use of condoms (RR range 0.2-0.9) (Hawes, Hillier et 

al. 1996; Sanchez, Garcia et al. 2004; McClelland, Lavreys et al. 2005; Schwebke 

and Desmond 2005; Bradshaw, Morton et al. 2006; Hutchinson, Kip et al. 2007; 

Nagot, Ouedraogo et al. 2007; Schwebke and Desmond 2007). Three were case-

control studies and one found a strong negative (i.e. risk reducing) association 

between BV and use of condoms (OR 0.5. 95%CIs 0.3-0.7) (Chiaffarino, Parazzini et 

al. 2004; Smart, Singal et al. 2004; Bradshaw, Morton et al. 2005). Nine were cross-

sectional studies and five found evidence of negative association between BV and 

use of condoms (OR range 0.3-0.6) (Moi 1990; Shoubnikova, Hellberg et al. 1997; 

Guerreiro, Gigante et al. 1998; Cu-Uvin, Hogan et al. 1999; Calzolari, Masciangelo et 

al. 2000; Ahmed, Lutalo et al. 2001; Schwebke, Desmond et al. 2004; Brabin, 

Fairbrother et al. 2005; Myer, Denny et al. 2005; Patel, Weiss et al. 2006). 
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The estimated risk of 0.8 (95%CI: 0.8-0.9) showed that condom use was 

protective against BV. There was evidence against the null hypothesis of 

homogeneity of effect size across studies contributing data to the overall estimate 

of risk of BV associated with condom use (p<0.01). 
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Overall

Sanchez, 2004

Smart, 2004

Bradshaw, 2006

Cu-Uvin, 1999

Schwebke, 2005

McCelland, 2005

Schwebke, 2007

Hawes, 1996

ID

Myer, 2005

Patel, 2006

Moi, 1990

Chiaffarino, 2004

Schwebke, 2004

Guerreiro, 1998

Calzolari, 2000

Brabin, 2004

Shoubnikova, 1997

Hutchinson, 2007

Ahmed, 2001

Bradshaw, 2005

Nagot, 2007

Study

0.81 (0.76, 0.87)

0.20 (0.06, 0.67)

0.50 (0.30, 0.71)

0.70 (0.40, 1.10)

0.80 (0.60, 1.10)

0.80 (0.67, 0.98)

0.90 (0.80, 1.00)

0.67 (0.49, 0.90)

0.80 (0.30, 1.70)

ES (95% CI)

0.37 (0.15, 0.96)

0.56 (0.30, 0.90)

0.57 (0.37, 0.86)

1.00 (0.70, 1.40)

0.78 (0.44, 1.37)

1.12 (0.58, 2.17)

0.56 (0.33, 0.96)

0.80 (0.40, 1.70)

0.30 (0.20, 0.80)

0.37 (0.20, 0.70)

0.89 (0.74, 1.07)

1.20 (0.70, 1.90)

1.00 (0.70, 1.40)

0.81 (0.76, 0.87)

0.20 (0.06, 0.67)

0.50 (0.30, 0.71)

0.70 (0.40, 1.10)

0.80 (0.60, 1.10)

0.80 (0.67, 0.98)

0.90 (0.80, 1.00)

0.67 (0.49, 0.90)

0.80 (0.30, 1.70)

ES (95% CI)

0.37 (0.15, 0.96)

0.56 (0.30, 0.90)

0.57 (0.37, 0.86)

1.00 (0.70, 1.40)

0.78 (0.44, 1.37)

1.12 (0.58, 2.17)

0.56 (0.33, 0.96)

0.80 (0.40, 1.70)

0.30 (0.20, 0.80)

0.37 (0.20, 0.70)

0.89 (0.74, 1.07)

1.20 (0.70, 1.90)

1.00 (0.70, 1.40)

  1.05 1 2 3

 

Figure 2.3: Forest Plot for condom use and risk of BV 

Test for heterogeneity – X2 test =  45.28  p = 0.001 
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Publication Bias 

 

Funnel plots showing the log of the effect size against the corresponding 

standard error were constructed (Figures 2.4-2.6).  The plots for male and female 

sexual partners suggest that there is some publication bias against small studies 

reporting smaller effect sizes.  The funnel plot for condom use suggests that there 

is some publication against small studies reporting positive associations.   
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Figure 2.4: Funnel plot for male sex partners 
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Figure 2.5: Funnel plot for condom use  
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Figure 2.6: Funnel plot for female sex partners  
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The association between BV and past or concurrent STI infection 

 

 There is a well recognised association between BV and concurrent STI 

infections with C.trachomatis, T.vaginalis and N.gonorrhoeae. However, because BV 

is thought to increase an individual’s susceptibility to these infections, STI co-

infection is a weaker epidemiological measure of BV with respect to evidence of 

sexual transmission.  

 I included 13 studies examining BV and STI co-infection or past history of 

STIs (see Table 2.2). Current or past T.vaginalis was strongly associated with BV in 

all but one study, giving relative risk measures of 1.5 to 9.8 (Morris, Rogers et al. 

2001; Warren, Klein et al. 2001; Schwebke, Desmond et al. 2004; Bradshaw, 

Morton et al. 2005; Bukusi, Cohen et al. 2006; Brotman, Erbelding et al. 2007; Kaul, 

Nagelkerke et al. 2007; Nagot, Ouedraogo et al. 2007). The association between 

C.trachomatis and N.gonorrhoeae infection and BV was also significant but more 

modest than that seen for T.vaginalis (Moi 1990; Morris, Rogers et al. 2001; 

Oakeshott, Hay et al. 2002; Yen, Shafer et al. 2003; Ness, Hillier et al. 2004; Myer, 

Denny et al. 2005; Ness, Kip et al. 2006; Brotman, Erbelding et al. 2007; Kaul, 

Nagelkerke et al. 2007). 
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Table 2-2 Association between bacterial vaginosis (BV) and STI co-infections 

Cohort studies Study Population and BV 

incidence/prevalence 
Risk factor Unadjusted RR 

(95%CI) 
Adjusted RR (95%CI) Adjusted 

variables 
C.trachomatis co-infection (both 
incident infection) 

 2.4 (1.2-4.8) 

T.vaginalis co-infection (both 
incident infection) 

 9.8 (3.5-27.1) 

Kaul et al. JID 
2007 

Sex workers Kenya 
n=466 
BV diagnosis 69% (over 
study period) 

N.gonorrhoeae co-infection (both 
incident infection) 

 0.8 (0.5-1.4) 

SF, R 

Nagot et al. STI 
2007 

Africa sex workers 
N=273 
BV baseline 20.5% 

T.vaginalis co-infection 1.7 (1.0-2.8) 1.5 (1.0-2.3) D, R 

C.trachomatis and/or 
N.gonorrhoeae co-infection 

 0.92 (0.49-1.73) Ness et al. STD 
2006 

High risk women 
N=1193 
 Hx of C.trachomatis and/or 

N.gonorrhoeae 
 1.51 (1.07-2.11) 

D, S, R 

Case 

controlled 

studies 

Study Population and BV 

incidence/prevalence 
Risk factor Unadjusted OR 

(95%CI) 
Adjusted OR (95%CI) Adjusted 

variables 

Bradshaw et al. 
Ob & Gyn 2005 

STD clinic 
N=342 
Cases BV 
Controls candidiasis 

Hx of T.vaginalis (16/342) 3.7 (1.2-11.7)   4.0 (1.1-14.8)   D, SF, S, R 

T.vaginalis co-infection BV-1   2.66 (1.80-3.93) 
BV-2   2.60 (1.79-3.77) 

BV-1   1.77 (1.17-2.67) 
BV-2   1.56 (1.05-2.34) 

C.trachomatis co-infection BV-1   1.33 (0.91-1.94) 
BV-2   0.95 (0.65-1.38) 

BV-1   1.26 (0.84-1.89) 
BV-2   1.00 (0.67-1.49) 

Brotman et al. J 
Ped Ad Gyn 
2007 

STD clinic 
N=762 
Case group 1- BV 
Case group 2 – recurrent 
BV 
Controls – no BV 

PID diagnosis BV-1   1.75 (1.19-2.57) 
BV-2   2.30 (1.57-3.35) 

BV-1   1.50 (1.02-2.22) 
BV-2   2.05 (1.41-2.98) 

R, S 

Cross sectional 

studies 
Study Population and BV 

incidence/prevalence 
Risk factor Unadjusted OR 

(95%CI) 
Adjusted OR (95%CI) Adjusted 

variables 
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Bukusi et al. 
STD 2006 

Kenya, STD clinic and 
Family Planning clinic 
n=219 women 
BV prevalence 44% 

T.vaginalis co-infection  9.08 (1.63-50.59) D, SF, R 

N.gonorrhoeae co-infection 1.85 (1.26-2.71) 
 

C.trachomatis co-ifection NS 

T.vaginalis co-infection 0.55 (0.34-0.91) 
Hx bacterial STI 1.63 (1.40-1.90) 

Morris et al. STI 
2001 

STI clinic 
N= 8989 
BV prevalence 12.9% 
Recurrent BV=105 

Recurrent BV – Hx bacterial STI 

 

2.04 (1.45-2.85) 

R 

T.vaginalis co-infection 5.93 (1.34-26.24) Myer et al. JID 
2005 

Sth Africa Pap smear 
attenders 
N=324 
BV prevalence 16% 

C.trachomatis and/or 
N.gonorrhoeae co-infection 

8.87 (1.21-65.09) 

  

C.trachomatis and/or Gonorrhoea 
co-infection 

OR 3.19 (2.06-4.93)   Ness et al. Ob & 
Gyn 2004 

High risk women 
N=1179 
BV prevalence 39.9% Hx of C.trachomatis and/or 

N.gonorrhoeae 
OR 1.53 (1.17-2.00)   

Oakeshott et 
al. BMJ 2002 
 

Pregnant women 
N=1201 
BV prevalence 14.5% 

C.trachomatis co-infection  2.8 (1.6-5.0) S, R 

N.gonorrhoeae co-infection OR 5.23 (1.09-25.20)  

C.trachomatis co-infection  OR 1.55 (0.79-3.03)  

Schwebke et 
al. STD 2004 

Women who douche 
N=250 
BV prevalence 44.8% 

T.vaginalis co-infection OR 1.95 (0.77-4.95)  

 

Warren et al. 
Inf Dis Ob Gyn 
2001 

High risk women 
N=1288 
BV prevalence 46% 

T.vaginalis co-infection 2.28 (1.58-3.31) 2.17 (1.47-3.19) R, S, SF,  
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Yen et al. Ob & 
Gyn 2003 

Military recruits 
N=1938 
BV prevalence 27% 
 

C.trachomatis co-infection  1.57 (1.12-2.18) R 

C.trachomatis co-infection OR 1.23 (0.98-1.55) Moi et al. Int J 
STD AIDS, 
1990 

STD clinic 
N= 2128 
BV prevalence 26% 

N.gonorrhoeae co-infection OR 3.24 (1.65-6.38) 

  

Footnotes: Risk ratio=RR, Odds ratio=OR, douching=D, sex frequency=SF, smoking=S, race=R, History=Hx 

references: (Moi 1990; Morris, Rogers et al. 2001; Warren, Klein et al. 2001; Oakeshott, Hay et al. 2002; Yen, Shafer et al. 2003; Ness, Hillier 
et al. 2004; Schwebke, Desmond et al. 2004; Bradshaw, Morton et al. 2005; Myer, Denny et al. 2005; Bukusi, Cohen et al. 2006; Ness, Kip et 
al. 2006; Brotman, Erbelding et al. 2007; Kaul, Nagelkerke et al. 2007; Nagot, Ouedraogo et al. 2007)
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DISCUSSION  

 

This systematic review and meta-analysis indicates that prevalent and 

incident BV is consistently associated new or multiple male and female sexual 

partners and lack of condom use. Investigation of the sexual transmission of BV is 

limited by the absence of a clear microbiological aetiology; however, I have shown 

that the epidemiological profile of BV is similar to that of established STIs. To our 

knowledge this is the first systematic review and meta-analysis of the sexual risk 

factors of BV.  

 

Limitations 

 

There are a number of factors that must be considered when interpreting 

these findings. There was evidence of heterogeneity of effect size across the 

studies particularly for the exposures of male partners and condom use.  This is to 

be expected given the large variability in the studies, particularly with respect to 

study design, study population and exposure definition. The measurements of the 

key exposure variables in this meta-analysis were not always consistent.  The most 

pertinent example was the measurement of condom use, where the definition of 

reported condom use (eg: 100% condom use, consistent condom use) and time 

periods varied considerably across studies.  Strong evidence against the null 
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hypothesis of homogeneity suggests that there is a distribution of effect sizes 

across the target populations covered by the studies contributing data to this 

analysis. The pooled estimate of the effect sizes then represents the mean of the 

varying effect size across all populations. The funnel plots also demonstrated 

asymmetry of the scatter at the top of the vertical axis, suggesting that studies with 

small estimate effect sizes and large standard errors (due to small a sample size) 

were withheld from publication.  I acknowledge these inherent difficulties but 

would argue that this is unavoidable with a meta-analysis of observational studies, 

and that the combined data consistently indicates BV is associated with an overall 

increase in sexual risk.  

 

BV and male sexual partners 

 

Exposure to increased numbers of male partners or having a recent change 

of male partner increased a woman’s risk of developing BV 1.6 fold in this meta-

analysis. Unfortunately, in the absence of a clear aetiological agent(s), it has proven 

difficult to investigate male carriage of BV; however, studies have isolated BV-

associated organisms from the male genital tract (Hillier, Rabe et al. 1990; Holst 

1990; Serour, Samra et al. 1997). Lack of male circumcision has been associated 

with a number of STIs including genital ulcer disease (Weiss, Thomas et al. 2006; 

Van Howe 2007) and HIV infection (Weiss, Quigley et al. 2000). It is therefore 

biologically plausible that if BV is transmitted by males, the foreskin could 
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facilitate survival of BV organisms and render an uncircumcised male a more 

efficient or prolonged transmitter of infection. Importantly, recent data does 

suggest that male circumcision status may affect female BV infection rates. Cherpes 

et al found that female partners of uncircumcised men were more likely to have BV 

(RR 1.9, 1.0-3.5) and observational data from Rakai in Uganda similarly suggests 

male circumcision may offer protection for women against BV (RR 0.9, 0.8-0.9) 

(Cherpes, Hillier et al. 2008, Tobian, 2008 #743). Further support for sexual 

transmission of BV comes from a treatment trial by Bradshaw et al included in this 

review, which found BV recurrence was 3 times more common in women 

remaining with their regular sexual partner following treatment, and significantly 

less likely if they changed sexual partners (Bradshaw, Morton et al. 2006). A recent 

study by Schwebke et al also found that male sexual contacts of women with BV 

reported significantly higher numbers of female partners than the male partners of 

women without BV (Schwebke and Desmond 2005), indicating that perhaps males 

with higher numbers of partners are more likely to be exposed to and to possibly 

transmit BV.   

 

 

BV and female sexual partners 

 

A strong and consistent association between BV and female sexual partners 

was apparent in this meta-analysis; report of a female sexual partner conferred a 
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two-fold risk of BV infection. In the studies that quantified partners, there was a 

trend for increasing risk of BV with higher numbers of female sexual partners. 

While this finding is in contrast to the epidemiology of bacterial STIs such as 

C.trachomatis and N.gonorrhoeae, sexual contact between women has been 

associated with transmission of human papilloma virus (HPV), herpes simplex 

virus (HSV), T. vaginalis and other STIs (Kellock and O'Mahony 1996; Carroll N 

1997; Marrazzo, Koutsky et al. 1998; Bailey, Farquhar et al. 2004).  Evidence of 

female-to-female transmission of BV emerged in the 1950’s when asymptomatic 

volunteers were directly inoculated with the vaginal secretions of women with BV, 

and BV was established in the recipients (Gardner and Dukes 1955). It is possible 

that exchange of vaginal secretions during sexual contact, and a potential longer 

duration of infectiousness of BV in woman than men, confer a higher level of risk of 

BV for women-who-have-sex-with-women (WSW). Consistent with this, studies of 

WSW monogamous couples demonstrate extremely high concordance for BV (73-

95%) (Berger, Kolton et al. 1995; Marrazzo, Koutsky et al. 2002). Overall, the 

evidence for female-female transmission of BV is compelling and there is a need for 

female partner treatment trials to assess reduction of recurrent BV in this setting. 

In the interim, it may be appropriate to offer partner testing and treatment for 

WSW with BV. 
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BV and condom use 

 

Consistent use of condoms during intercourse should offer protection against an 

STI. However the effectiveness of condoms has been difficult to establish for a 

number of STIs, particularly viral pathogens such as HSV and HPV. There are a 

number of inherent problems in assessing condom use that may systematically 

reduce the measured protection conferred by condoms in observational studies, 

these include the highly variable measurement of condom use across studies, 

incorrect usage, condom breakages, frequent over-reporting of condom use and 

the amalgamation of condoms with diaphragms in some studies that broadly 

report protection from “barrier methods”.  Despite these inherent limitations, 

report of condom use was found to be protective against prevalent and incident BV 

in this review 0.8 (0.8-0.9). Importantly, this is comparable to the protective effect 

reported for C.trachomatis and N.gonorrhoeae when the partner infection status is 

unknown, 0.8 (95%CIs 0.7-1.0) (Warner, Newman et al. 2004). When a sexual 

partner is known to be infected with an STI such as C.trachomatis or 

N.gonorrhoeae, condoms have been shown to confer a greater degree of protection 

0.4 (95% CIs 0.2-1.0) (Holmes, Levine et al. 2004; Warner, Newman et al. 2004). 
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BV and male partner treatment 

 

A body of epidemiological evidence does not support BV being sexually 

transmitted. Five of six treatment trials failed to reduce recurrence of BV in women 

whose male partners were treated  (Swedberg, Steiner et al. 1985; Vejtorp, 

Bollerup et al. 1988; Mengel, Berg et al. 1989; Moi, Erkkola et al. 1989; 

Vutyavanich, Pongsuthirak et al. 1993; Colli, Landoni et al. 1997). This has been 

considered as strong evidence against sexual transmission of BV; however there 

were methodological limitations in these trials, including use of single-dose 

therapies, no measures of partner adherence and a high loss to follow-up in some 

studies. A further complicating factor is that in the absence of a clear aetiological 

agent(s) it is possible that I are not currently using effective therapies, and hence I 

are not able to demonstrate an effect from partner treatment.   

 

BV in "virgins" 

 

BV has also been diagnosed in women who did not report past vaginal 

intercourse in two studies (Bump and Buesching 1988; Yen, Shafer et al. 2003). 

Neither study collected information on non-penetrative genital contact, oro-genital 

or digital-genital practices.  These studies are commonly quoted as evidence 
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against sexual transmission. Both, however, involved young women and classified 

them solely on the basis of report of vaginal sex, and neither study collected 

information on non-penetrative genital contact, or oro-genital or digital-genital 

practices. In addition, one of the studies found 8 cases of BV in 52 ‘virginal’ 

adolescents, however, at 3 months only 1 of the 8 BV diagnoses had persisted 

without treatment. This very high rate of spontaneous clearance raises questions 

regarding the validity of BV diagnosed in this study. Overall, the published data 

reporting BV in non-sexually active females has significant methodological 

limitations. 

 

BV and frequent sexual behaviour 

 

A final consideration in addressing possible sexual transmission of BV is 

whether the association between BV and increased sexual partnerships may arise 

as a consequence of microbial disruption due to more frequent sexual activity, 

rather than representing sexual transmission of a pathogen. This has been 

previously considered by a number of investigators and in our systematic review, 

4 of 5 cohort studies, 2 of 2 case-control studies and 2 or 4 cross-sectional studies 

found number of male sex partners remained independently associated with BV 

once frequency of sex was controlled for by multivariable analysis. 
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CONCLUSION 

 

As the microbiological aetiology of BV has not been determined, any 

progress in establishing how this infection is transmitted is greatly impeded. Until 

we have this direct evidence, we need to consider the data generated from 

analyses of observational studies. This review is the first to summarise the 

observational data and is consistent with the hypothesis that BV is transmitted to a 

woman by sexual contact with either a man or woman and indicates that condoms 

may prevent transmission.  Understanding the contribution of sexual risk factors 

to the development of BV is integral not only to improving current management of 

this condition, but to reducing the serious sequelae associated with BV, such as 

pre-term delivery, and to developing strategies to reduce HIV transmission in 

populations of high prevalence. These findings are of relevance to practicing 

clinicians in the field and may inform public health policy. Although these data 

cannot be interpreted as evidence that BV is a sexually transmitted infection, the 

results of this meta-analysis suggest that reducing partner change and unprotected 

sexual exposures decreases a woman’s risk of incident and recurrent BV. 
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Appendix 2: Sexual risk factors and bacterial vaginosis: a systematic 
review and meta-analysis. Clinical Infectious Diseases December 2008 
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Chapter 3   
 

 

Early sexual experiences and risk factors for bacterial 

vaginosis 

 

   

Publications and presentations arising from this work 

 

Early sexual experiences and risk factors for bacterial vaginosis. Fethers KA, 
Fairley CK, Morton A, et al. The Journal of Infectious Diseases 2009 Dec 
1;200(11):1662-70.  

Coital and Non-Coital Sex: Risk Factors for Bacterial Vaginosis in Young 

Australian Women. 18th International Society of STD Research Conference, 
London, August 2009. 

Early episode Bacterial vaginosis in women close to sexual debut. IUSTI 
World Conference, Cape Town November 2009. 

What's the FUSS About. Australasian Sexual Health Conference, Perth, September 
2008. 

 

Publications related to this chapter's findings 

Bacterial Vaginosis: Are We Coming Full Circle?  Jane R. Schwebke Editorial 
commentary   The Journal of Infectious Diseases 2009 Dec 1;200(11):1633-1635.  
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CHAPTER SUMMARY 

Abstract   

Background: Cross-sectional study investigating the association between 

bacterial vaginosis (BV) and sexual practices in sexually-experienced and 

inexperienced women. 

 

Methods: Participants were 17-21 year old females attending Melbourne 

University, Australia. Postal study-kits containing an information and consent 

form, questionnaire, swab and slide were used. Information regarding 

demographics and a broad-range of sexual practices were collected. Gram-stained 

self-collected vaginal smears were scored by the Nugent method. Associations 

between BV and behaviours were examined by univariate and multivariate 

analysis. 

 

Results: BV was diagnosed in 25/528 women (4.7%;95% confidence 

intervals[95%CI] 3.1-6.9). Importantly, BV was not detected in women (n=83) 

without a history of coital or non-coital sexual-contact (0%;95%CI=0-4.3%). BV 

was detected in 3/78 women (3.8%;95%CI=0.8-10.8) with non-coital sexual 

experience only, and in 22/367 women (6.0%;95%CI=3.8-8.9) reporting penile-

vaginal sex; BV was associated with a history of any genital contact with a sexual 

partner (p=0.02). BV was strongly associated with >3 penile-vaginal sex partners 

in the prior year (Adjusted OR=7.1;95%CI=2.7–18.4) by multivariable analysis. 

 

Conclusions: This study shows a strong association between BV and penile-

vaginal sex with multiple partners, but found no BV in sexually-inexperienced 

women, once a history of non-coital sexual practices was elicited. Our findings 

indicate BV is not present in truly sexually-inexperienced women.  
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BACKGROUND  

 

Although bacterial vaginosis (BV) is one of the commonest genital infections 

in women of reproductive age, its aetiology remains unclear. Previously, the search 

for causative agents was limited by traditional culture-based and Gram-staining 

methods which failed to identify the full spectrum of BV-related bacteria. More 

recently molecular techniques have described a highly diverse microbial landscape 

for BV, and several novel and fastidious organisms have been found to be highly 

specific for BV (Fredricks, Fiedler et al. 2007). Despite these important 

developments, no causative agent(s) has been conclusively identified, and it has 

not been established if BV is or is not sexually transmitted. In the absence of a clear 

aetiology, it is difficult to investigate the sexual transmission hypothesis; however, 

understanding the contribution of sexual activity to BV pathogenesis is integral to 

improving management and prevention of BV, and to reducing associated 

complications.  

Observational evidence increasingly supports sexual transmission of BV 

(Marrazzo, Koutsky et al. 2002; Bradshaw, Morton et al. 2005; Schwebke and 

Desmond 2005; Bradshaw, Morton et al. 2006; Fethers, Fairley et al. 2008). BV is 

most prevalent in populations with high rates of sexually transmitted infections 

(STIs), and is associated with risk behaviours that typically characterise STIs: new 

or multiple sexual partners, young age of sexual debut and lack of condom use 
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(Fethers, Fairley et al. 2008). However, there is also evidence that refutes sexual 

transmission of BV. Studies of male partner treatment have failed to reduce BV 

recurrence in women (Swedberg, Steiner et al. 1985; Vejtorp, Bollerup et al. 1988; 

Mengel, Berg et al. 1989; Moi, Erkkola et al. 1989; Vutyavanich, Pongsuthirak et al. 

1993; Colli, Landoni et al. 1997), and some studies have identified BV in ‘virginal’ 

women (defined as women who do not report a history of penile-vaginal sex) 

(Bump and Buesching 1988; Yen, Shafer et al. 2003). These studies have 

contributed to the widely held belief amongst clinicians and researchers that BV is 

not an STI.  

I conducted a study in Australian female university students in order to 

investigate the hypothesis that BV is an STI. The aim of this study was to examine 

the association between sexual practices and prevalent BV in young women early 

in their sexual histories, and essentially to determine if BV could be detected in 

truly sexually-inexperienced women. An important limitation of the few published 

studies identifying BV in “virgins” is that they obtained data only on penile-vaginal 

sex. As there is evidence that some STIs such as human papilloma virus (HPV) and 

herpes simplex (HSV) can be transmitted to the vulvovagina through non-coital 

practices in women prior to coitarche (Edwards and Carne 1998; Winer, Lee et al. 

2003; Winer, Feng et al. 2008), it is important to consider the possibility that BV, if 

sexually transmitted, could also be acquired through a range of sexual practices. To 

our knowledge, this is the first study to examine BV prevalence and its association 

with a broad-range of non-coital and coital practices in sexually-inexperienced and 

experienced young women.  
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SUBJECTS, MATERIALS AND METHODS 

 

Study Population and Recruitment Methods 

 

Women aged between 17-21 years attending the University of Melbourne, 

from March-July 2008 were eligible to enrol in a cross-sectional survey, the female 

university student study (FUSS). Advertising material was placed in the university 

orientation handbook and on posters throughout the university . Interested 

women were directed to the study website (see Figure 3.1), which described the 

study in detail, and provided investigators’ contact details. Investigators provided 

a detailed explanation of the study upon contact, and a record was kept of all 

individuals who contacted investigators; women who were non-fluent in English 

were ineligible. A study kit containing information and consent forms, a coded 10 

page questionnaire, instructions for self-collecting a vaginal sample, a dacron-swab 

and glass slide, and a reply-paid envelope, was posted to participants.  

 

Clinical Methods 

 

The questionnaire recorded demographic, medical characteristics, and 

information regarding sexual partnerships and specific behavioural practices. 
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Participants were given the option of completing a web-based or paper-version of 

the questionnaire. The web-based version could only be accessed by the 

participant with a personalized code, and each question had to be completed 

before progressing through the questionnaire, preventing missing data. Study 

investigators have considerable experience in the development and 

implementation of computer-assisted sexual history taking (Tideman, Pitts et al. 

2006; Tideman, Chen et al. 2007). 

Participants were given instructions about self-collection of vaginal smears 

in the form of a colour diagram and clear written instructions. This procedure has 

previously been used by the investigators (Bradshaw, Morton et al. 2006; Tabrizi, 

Fairley et al. 2006).  Vaginal swab self-collection and self-smear for the diagnosis of 

BV has been shown to have excellent agreement compared to practitioner-

collected samples in published studies (Nelson, Bellamy et al. 2003; Tanksale, 

Sahasrabhojanee et al. 2003; Strauss, Eucker et al. 2005) 

Participants received a USD $20 gift voucher. The Human Research and 

Ethics Committee of The University of Melbourne approved the study.  

 

Laboratory Methods 

 

Gram-stained high vaginal smears were scored by an experienced 

microscopist using the Nugent method; they had no access to the behavioural data. 
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A Nugent score (NS) of 0-3 was graded as normal flora, 4-6 as intermediate flora 

and 7-10 as BV. Ten percent of slides were reread by a second independent 

microscopist, who was blind to the original results. Where scores differed by >2, or 

resulted in a change in Nugent category (eg from intermediate to BV), a third 

microscopist, blind to the other two readings, read the slide. At the completion of 

the study a meeting was arranged between the 3 microscopists to reach final 

consensus on any discrepant readings. 

Participants with a NS of 7-10 were contacted, reviewed by a physician at 

Melbourne Sexual Health Centre, where BV was confirmed by repeat NS, and they 

were offered treatment and STI testing where clinically indicated.  

 

Statistical Analysis 

 

Data were analysed using SPSS (version 15.0) and STATA (version10). The 

primary analysis compared characteristics of participants with NS of 7-10 (BV) to a 

NS of 0-3 (normal flora).  Supplementary analyses were conducted comparing 

characteristics of participants with NS of 7-10 (BV) to NS of 0-6 (normal and 

intermediate flora), and NS of 4-10 (abnormal flora) to NS of 0-3 (normal flora).  

Proportions and correlations between categorical variables were examined using 

Chi square tests or Fisher’s exact where appropriate. Crude Odds ratios (COR) with 

95% confidence intervals (95% CI) were calculated to examine univariate 

behavioural associations between participants with BV and normal flora, and for 
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the other two comparisons outlined above. Logistic regression was used to 

determine adjusted estimates of risk for BV (Adjusted Odds ratios [AOR]). 

Variables included in the multivariable model were those significant on the 

univariate analysis (p<0.05), and those considered to be associated with BV based 

on published literature. The number of variables entered into the final model was 

restricted in proportion to the number of cases of BV to ensure validity of the 

model. An alternative adjusted analysis was also performed whereby all the 

behavioural variables examined were adjusted by the variable most strongly 

associated with BV in order to further examine the associations between specific 

behavioural practices and BV.       

 With 25 women with BV (NS=7-10) and 449 with normal flora (NS=0-3), 

the study had 80% power to detect an OR≥ 3.5 for a risk factor that was present in 

25% of women with normal flora.   
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                   Figure 3.1: Home page of FUSS website
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RESULTS 

 

Demographic and behavioural characteristics of the study 

population  

 

Of the 559 women who contacted investigators to express interest in 

the study 540 (97%) participated. Two hundred and twenty-two (41%) 

participants completed the web-based questionnaire and 318 (59%) 

participants the paper-version; 92% of participants completed all questions. 

Missing data only occurred in paper-based questionnaires; all missing data 

was limited to failure to answer occasional questions, and amounted to <5% 

missing data per questionnaire in all cases. Demographics and behaviours of 

participants who completed the web-based questionnaire did not differ from 

women who completed the paper-version.    

No demographic or behavioural information was available for 

individuals (3%) who declined to participate. The demographic and 

behavioural characteristics of participants are described in Table 3.1. The 

median age of participants was 19 (range 17-22 years). Participants’ ethnic 

backgrounds were diverse; the most frequent ethnic group being ‘Australian’ 

[248/540 (46 %)] followed by ‘Chinese’ [135/540 (25%)]. Eighty-seven 

women (16.1%) reported no sexual contact. Seventy-nine (14.6%) reported no 
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history of penile-vaginal sex but had engaged in non-coital sexual activity: 46 

(58%) of these reported digital-vulvovaginal only, and 33 (42%) reported both 

receptive oral sex (ROS) and digital-vulvovaginal contact. Three hundred and 

seventy-four women (69.3%) reported having engaged in penile-vaginal sex; 

297 (79.4%) of these had unprotected vaginal sex in the last year, 319 (85.3%) 

had unprotected penile-vaginal sex in their lifetime and 348 (93%) reported 

engaging in ROS. The mean number of lifetime penile-vaginal sex partners was 

3.6 (Standard deviation [SD] +/-3.9) and the mean number of partners in the 

prior 12 months was 1.8 (SD +/-1.7).  
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Table 3-1 Demographic and behavioural characteristics of the study 
population (n=540) 

 

Characteristic Number of participants (%) 

Country of Birth 

         Australia 

         Other  

 
383 (70.9) 
157 (29.1) 

Ethnicitya 

         Australian 

         Chinese 

         English  

         Other 

 
248 (46) 
135 (25) 
101 (19) 
254 (47) 

Ever had vaginal sex 

        No 

        Yes 

 
166 (30.7) 
374 (69.3) 

First vaginal sex aged ≤≤≤≤16 years  

        No 

        Yes 

 
420 (77.8) 
120 (22.2) 

Ever had unprotected vaginal sex 

        No 

        Yes 

 
221 (40.9) 
319 (59.1) 

Unprotected vaginal sex in the last 12 m 

        No 

        Yes 

 
243 (45.0) 
297 (55.0) 

>3 vaginal sex partners in the last 12 m 

        No 

        Yes 

 
500 (92.6) 

40 (7.4) 

>3 vaginal sex partners in lifetime 

        No 

        Yes 

 
416 (77.0) 
124 (23.0) 

Ever received oral sex 

        No 

        Yes 

 
159 (29.4) 
381 (70.6) 

Ever received digital-vulvovaginal sex 

        No 

        Yes 

 
87 (16.1) 

453 (83.9) 
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Ever received digital-anal sex 

        No 

        Yes 

 
346 (64.1) 
194 (35.9) 

Ever had anal sex 

        No 

        Yes 

 
433 (80.2) 
107 (19.8) 

Ever had unprotected anal sex 

        No 

        Yes 

 
458 (84.8) 
82 (15.2) 

Ever had sexual contact with a woman  

No 

Yes  

 
486 (90) 
54 (10) 

Ever used a sex-toy with a sex partner 

        No 

        Yes 

 
436 (80.7) 
104 (19.3) 

Ever used a sex-toy for masturbation 

        No 

        Yes 

 
389 (72.0) 
151 (28.0) 

Current/most recent partner circumcised 

        No 

        Yes 

        Don’t know 

        N/A 

 
260 (48.1) 
86 (15.9) 
56 (10.4) 

138 (25.6) 
Current oral contraceptive pill use 

        No 

        Yes 

 
304 (56.3) 
236 (43.7) 

Ever used tampons for menstruation 

        No 

        Yes 

 
131 (24.4) 
408 (75.6) 

Ever douched vaginally 

        No 

        Yes 

 
448 (83.0) 
91 (17.0) 

Current Smoker 

        No 

        Yes 

 
494 (91.5) 

45 (8.5) 

Data are missing for up to 23 women because of failure to complete a specific 
question on the questionnaire. m=months. a 1 or 2 ethnic backgrounds were 
allowed  
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Fifty-four (10%) participants reported having had sexual contact with 

women: 43 (79.6%) of these had penile-vaginal sex with men; only 7 women 

had sexual contact exclusively with women after all genital-sexual contact with 

men had been accounted for. One hundred and four (19.3%) women reported 

using a sex-toy with a partner; 80 (77%) of these women were exclusively 

heterosexual. One hundred and seven women (19.8%) reported having had 

anal sex; 57 (53.3%) of these also reported a history of sex-toy use with a 

partner. Three-hundred and forty-six participants provided information on the 

circumcision status of their most recent male partner; 86 (24.8%) were 

circumcised. Oral contraceptives were currently used by 236 (43.7%) 

participants, douching was relatively uncommon (16.9%) and cigarette 

smoking was rare (8.3%).  

 

Microbiological and clinical characteristics of the study 

population  

 

Five hundred and twenty-eight (97.8%) vaginal smears were classified 

as satisfactory; 12 slides were excluded from analysis owing to breakage (n=9) 

or inadequate material (n=3); repeat smears for these 12 participants were 

not available. Twenty-five participants (4.7%) had a NS of 7-10 (BV), 54 
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(10.2%) a NS of 4-6 (intermediate flora) and 449 (85%) a NS of 0-3 (normal 

flora). Eleven of 25 (44%) women with a Nugent score of 7-10 reported an 

abnormal vaginal discharge, an abnormal vaginal odour or both symptoms. 

Women with BV were significantly more likely than women without BV to 

report an abnormal vaginal odour (p=0.002) or an abnormal vaginal discharge 

(p=0.04), than women with NS of 0-6. 

Fifty-three slides (10%) were reread independently by a second 

microscopist and concordance (≤2 difference in NS and no change in Nugent 

category) was achieved for 92% of slides. A third microscopist re-read 4 (8%) 

slides and consensus for NS was reached. 

 

  

BV prevalence in participants stratified by sexual practice  

 

BV prevalence was stratified by sexual exposure, Table 3.2; 12 

participants in whom the NS was not available were excluded from analysis. 

Among 83 women with no history of any sexual contact, the BV prevalence 

(NS=7-10) was 0% (95% CI 0.0-4.3). Among 78 women with no history of 

penile-vaginal sex but a history of non-coital sexual practices, there were 3 

cases of BV (BV prevalence=3.8% [95% CI 0.8-10.8]); the reported sexual 

practices of these women included digital-vulvovaginal contact (n=3), ROS 

(n=1) and sex-toy use (n=1), with male partners only. Among the 367 women 
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who reported penile-vaginal sex, BV prevalence was 6.0% (95% CI 3.8-8.9). BV 

was significantly more common in women with any history of genital contact 

with a sexual partner than in women reporting no form of sexual contact, 

p=0.02.   
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Table 3-2 Bacterial Vaginosis (BV) prevalence stratified by sexual 
exposure 

 

Sexual exposure categories BVcases/n BV prevalence (95% CI) P value† 

No sexual exposure  0/83 0% (95% CI 0.0-4.3). 

Non-coital sexual exposure only 3/78 3.8% (95% CI 0.8-10.8) 

Penile-vaginal exposure* 22/367 6.0% (95% CI 3.8-8.9). 

 

0.02 

BV= Nugent score of 7-10, n=total number of women in each group, 95%CI= 95% 
confidence intervals  

* all women with penile-vaginal exposure had also engaged in non-coital practices 

† _isher exact test comparing women with any coital or non-coital sexual experience 
(groups 2 and 3) to women without any history of genital-sexual contact (group 1) 
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Behavioural associations with BV (NS=7-10) by univariate 

analysis 

 

Characteristics of participants with a NS of 0-3 were compared to those 

with a NS of 7-10 by univariate analysis; women with intermediate flora 

(NS=4-6) were excluded, Table 3.3. BV was most strongly associated with >3 

penile-vaginal sex partners in the last 12 months, COR=8.3 [95%CI 3.3-21.2]. 

Other significant associations with BV included young age at coitarche (age of 

first sex ≤16 years COR=2.8; [95%CI 1.2-6.4]), >3 ROS partners in the last 12 

months (COR=4.5 [95%CI: 1.2-17.1]), having ever had anal sex (COR=2.8 

[95%CI 1.2-6.5]),  having ever used a sex-toy with a partner (COR=2.9 [95%CI 

1.3-6.7]) and self-belief of abnormal vaginal odour (COR=3.5 [95%CI 1.5-8.0]).  

Increased frequency of penile-vaginal sex or ROS were not associated 

with BV (penile-vaginal sex >1/week [COR=1.7; 95% CI 0.7-4.4], ROS >1/week 

[COR=1.6; 95% CI 0.5-5.1]). Report of sexual contact with another woman 

increased the risk of BV, but it was not significant (p=0.1). Use of oral 

contraceptive pill (OCP), douching, having a circumcised partner, tampon-use 

and smoking were not significantly associated with BV in this study 

population.  

Supplementary analyses were performed for comparison of 

behavioural associations between participants with BV (NS=7-10) and without 
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BV (NS=0-6), and generated similar findings to our principal analysis (data not 

shown). Comparison of the behavioural characteristics of participants with 

normal flora (NS=0-3) and with abnormal flora (NS=4-10) identified no 

significant associations.  
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Table 3-3 Univariate associations of behaviours in participants with 
BV (NS=7-10) compared to participants with normal vaginal flora 
(NS=0-3) n=474 a. 

Characteristic BV/n (%) COR (95%CI) 

 
Ever had vaginal sex 

No 
Yes 

 
 

3/137 (2.2) 
22/337 (6.5) 

 
 

1.0 
3.1 (0.9, 10.6) 

Ever had unprotected vaginal sex 
No 

Yes 

 
4/183 (2.2) 

21/291 (7.2) 

 
1.0 

3.5 (1.2, 10.3) 
Unprotected vaginal sex in the last 12 m 

No 
Yes 

 
 

6/202 (3.0) 
19/272 (7.0) 

 
 

1.0 
2.5 (1.0, 6.3) 

No. of vaginal sex partners last 12 m 
0-3 
>3 

 
17/442 (3.8) 

8/32 (25.0) 

 
1.0 

8.3 (3.3, 21.2)  
No. of vaginal sex partners ever 

0-1 
2-5 
>5 

 
11/259 (4.2) 
5/152 (3.3) 
9/63 (14.3) 

 
1.0 

0.8 (0.3, 2.3) 
3.8 (1.5, 9.5) 

First vaginal sex aged ≤≤≤≤16 years 
No 

Yes 

 
14/365 (3.8) 

11/109 (10.1) 

 
1.0 

2.8 (1.2, 6.4) 
Ever received oral sex 

No 
Yes 

 
4/131 (3.1) 

21/343 (6.1) 

 
1.0 

2.1 (0.7, 6.2) 
No. of oral sex partners ever 

0 
1-3 
>3 

 
 4/131 (3.1) 
13/263 (4.9) 
 8/80 (10.0) 

 
1.0 

1.7 (0.5, 5.12) 
3.5 (1.0, 12.0) 

No. of oral sex partners last 12 m 
0-3 
>3 

 
22/455 (4.8) 
3/16 (18.8) 

 
1.0 

4.5 (1.2, 17.1) 
Ever received digital-anal sex 

No 
Yes 

 
12/300 (4.0) 
13/174 (7.5) 

 
1.0 

1.9 (0.9, 4.4) 
Ever had anal sex 

No 
Yes 

 
15/378 (4.0) 
10/96 (10.4) 

 
1.0 

2.8 (1.2, 6.5) 
Ever had unprotected anal sex 

No 
Yes 

 
17/402 (4.2) 
8/72 (11.1) 

 
1.0 

2.8 (1.2, 6.8) 
Ever used a sex-toy for masturbation 

No 
Yes 

 
 14/338 (4.1) 
11/136 (8.1) 

 
1.0 

2.1 (0.9, 4.6) 
Ever used a sex-toy with a sex partner    
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Characteristic BV/n (%) COR (95%CI) 
No 

Yes 
15/380 (4.0) 
10/94 (10.6) 

1.0 
2.9 (1.3, 6.7) 

Ever had sexual contact with a woman  
No 

Yes 

 
20/424 (4.7) 
5/50 (10.0) 

 
1.0 

2.2 (0.8, 6.2) 
Frequency of oral sex (>1/week)b 

No 

Yes 

 
15/255 (5.9) 

4/44 (9.1) 

 
1.0 

1.6 (0.5, 5.1) 
Frequency of vaginal sex (>1/week) b 

No 

Yes 

 
7/153 (4.6) 

12/160 (7.5) 

 
1.0 

1.7 (0.7, 4.4) 
Most recent male partner circumcised 

No 
Yes 

 
15/238 (6.3) 

4/76 (5.3) 

 
1.0 

0.8 (0.3, 2.6) 
Self belief of abnormal odour  

No 
Yes 

 
15/390 (3.9) 
10/82 (12.2) 

 
1.0 

3.5 (1.5, 8.0) 
Self belief of abnormal discharge 

No 
Yes 

 
19/415 (4.6) 
6/57 (10.5) 

 
1.0 

2.5 (0.9, 6.4) 
Current Smoker 

No 
Yes 

 
21/433 (4.9) 
4/40 (10.0) 

 
1.0 

2.2 (0.7, 6.7) 
Douching ever 

No 
Yes 

 
21/392 (5.4) 

4/81 (4.9) 

 
1.0 

0.9 (0.3, 2.8) 
Tampon use ever 

No 
Yes 

 
5/99 (5.1) 

20/374 (5.4) 

 
1.0 

1.0 (0.4, 2.9) 
Current oral contraceptive pill use 

No 
Yes 

 
15/262 (5.7) 
10/212 (4.7) 

 
1.0 

0.8 (0.4, 1.9) 
Chinese ethnic background 

No 
Yes 

 
19/369 (5.2) 
6/105 (5.7) 

 
1.0 

1.1 (0.4, 2.9) 
Data are missing for up 23 women because of failure to complete a specific 
question on the questionnaire. COR=crude odds ratio. BV=bacterial vaginosis. 
n=number of participants in the group. 95% CI=95% confidence intervals. 
No.=number, m=months, a Women with intermediate vaginal flora (NS 4-6) 
were excluded from this analysis. b Includes only participants who had ever 
had oral or vaginal sex 
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Behavioural associations with BV (NS=7-10) by multivariate 

analysis 

 

As there were 25 cases of BV in the study, multivariate analysis was 

limited.  The variables most strongly associated with BV were entered into the 

model simultaneously.  Variables found to be highly correlated with each other 

were excluded. The variables entered into the model were: number of penile-

vaginal sex partners in the last 12 months, age of first sex ≤16 years and use of 

a sex-toy with a partner, Table 3.4. Number of ROS partners and penile-vaginal 

sex partners in the last 12 months demonstrated a strong collinear 

relationship, and use of a sex-toy with a partner and history of anal sex were 

also strongly correlated. In the adjusted analysis, more than three penile-

vaginal sex partners in the last 12 months was significantly associated with an 

increased odds of BV (AOR=7.1 [95% CI 2.7-18.4]), although not significant, 

there was some evidence that age of first sex and sex toy use were also 

associated with an increased odds of BV.   

An alternative approach to explore the behavioural associations with 

BV was also undertaken whereby all variables in the univariate analysis were 

adjusted for number of penile-vaginal sex partners in the last 12 months, the 

variable most strongly associated with BV by univariate analysis. Using this 

approach, receptive oral sexual practices were not associated with BV 

(number of ROS partners in the last 12 months AOR=0.9; 95%CI 0.2-4.4) and 
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other positive associations in the univariate analysis became non-significant, 

or showed a trend towards a positive association with BV (“first vaginal sex 

aged ≤16 years” [AOR=2.3; 95%CI 0.9-5.4], and “ever had anal sex” [AOR=2.2; 

95%CI 0.9-5.3]). Sex-toy use with a partner, however, remained significantly 

associated with BV (AOR=2.6; 95%CI 1.1-6.1). No non-significant associations 

in the univariate analysis became significant using this approach, and 

importantly frequency of ROS and penile-vaginal sex were not associated with 

BV (penile-vaginal sex>1 per week [AOR=2.3; 95%CI 0.8, 6.1] and ROS >1 per 

week [AOR=2.0; 95%CI 0.6, 6.6]). 
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Table 3-4 Multivariate associations of behaviours in participants with BV (NS=7-
10) compared to participants with normal vaginal flora (NS=0-3) n=474a. 

 

Variable BV/n (%) COR (95%CI) AOR (95%CI) 

No. of vaginal sex partners last 12 m 

0-3 

>3 

 
17/442 (3.8) 
8/32 (25.0) 

 
1.0 

8.3 (3.3, 21.2) 

 
1.0 

7.1 (2.7, 18.4) 

First vaginal sex aged ≤≤≤≤16 years 

No 

Yes 

 
14/365 (3.8) 

11/109 (10.1) 

 
1.0 

2.8 (1.2, 6.4) 

 
1.0 

1.9 (0.8, 4.7) 

Ever used a sex-toy with a partner  

No 

Yes 

 
15/380 (4.0) 
10/94 (10.6) 

 
1.0 

2.9 (1.3, 6.7) 

 
1.0 

2.2 (0.9, 5.3) 

 
BV=bacterial vaginosis. n=number of participants in group. COR=crude odds ratio. 
AOR=adjusted odds ratio. 95% CI=95% confidence intervals. No.=number. m=months. a 
Women with intermediate vaginal flora (NS 4-6) were excluded from this analysis.  
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Risk ratios for bacterial vaginosis and multiple sexual partners 

compared with those of established STIs 

 

 It is accepted that new or multiple male sexual partners are recognised 

epidemiological features associated with established STIs.  In order to 

compare the magnitude of risk new or multiple male sexual partners confers 

on BV compared with other vaginal infections, I compared risk ratios for 

different vaginal infections from various comparable STI research projects 

(see Table 3.5).  The BV ORs for multiple sexual partners are at least as strong 

as those demonstrated for C. trachomatis and M. genitalium, and a lot greater 

than those found for the viral STIs, HSV and HPV. 
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Table 3-5 Comparison of risk ratios between new or multiple male sexual partners with BV and key STIs 

Infection Authors Journal population New/multiple MSPs 
OR (95% CIs) 

FUSS Australian University students >3 MSP prior 12 months 
8.5 (2.8-25.5) 
>3 lifetime MSP 
2.4 (1.0-5.4)  

 
Bacterial vaginosis 

Meta-analysis 
CID 2008 

 New or multiple MSPs 
1.6 (1.5-1.8) 

Walker et al 2008 Australian young women GP 
patients 

>2 MSP prior 12 months 
3.3 (1.9, 5.9) 

Hocking et al Sexual 
Health 2006 

Australia population survey 
(women) 

>2 MSP prior 12 months 
14.3 (3.0, 36.3) 

Lamontagne et al 
STI 2004 

UK National Chlamydia 
screening program women <25 
years 

New MSP 
1.32 (1.14-1.53) 
Multiple MSP 
1.57 (1.35-1.82) 

Williams et al STI 2003 FPCs inner city New MSP  
4.5 (1.5-13.8) 
>4 lifetime MSP 
2.0 (0.7-5.7) 

 
 
 
C. trachomatis 

prevalence 

 

Fenton et al Lancet 
2001 

UK Population survey >4 MSP prior 12 months 
2.94 (0.92-9.4) 

C. trachomatis 

incidence  
Lamontagne et al 
STI 2007 

UK Women 16-24 years GPs, 
FPCs, GUM 

>3 MSP prior 6 months 
12.4 (2.8-54.2) 

Fife et al STD 2006 USA Adolescent women 14-18 
years 

Lifetime MSP 3.0 vs 6.3 
p<0.001 

HSV-2 prevalence 

Tideman et al STI 2001 Australian pregnant women,  
Sydney 

>1 lifetime MSP 
2.6 (2.02-3.41) 

HSV-2 incidence Stanberry et al CID USA cohort adolescent women >1 MSP prior 6 months 10% vs 29%, p=0.04 
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2004 12-15 years 
Richardson et al STD 
2000 

Montreal University students >3 MSP prior 12 months 
1.61 (0.76-3.42) 

Vaccarella et al cancer 
epi 2006 

Population surveys 9 countries 
(11,337 women) 

>3 Lifetime MSP  
2.45 (1.82-3.28) 

 
HPV prevalence 

(PCR) 

Rousseau et al Cancer 
epi 

Brazil – women attending for 
pap smears 

>1 MSP prior 12 months 
3.56 (2.1-6.05) 

HPV incidence 

(PCR) 
Winer et al Am J Epi 
2003 

USA University students Multiple MSP 
1.1 (1.03-1.1) 

Walker et al 2008 Australian young women GP 
patients 

>2 MSP prior 12 months 
2.1 (1.0, 4.8) 

 
M. genitalium 

prevalence Anderson et al STI 
2007 

Population screening Denmark 
(women) 

>3 MSP prior 12 months 
3.48 (0.74 to 16.29) 
>10 lifetime MSP 
7.33 (2.04 to 26.34) 

T. Vaginalis 

prevalence 
Cotch et al OBS &GYN 
1991 

USA pregnant women >1 MSP prior 12 months 
20.3% vs 11.3% p<0.001 
>3 MSP lifetime vs 1 
16.1% vs 7.5% 

Footnotes: MSP=male sexual partners, OR=Odds ratio, GP=general practice, FPC=family planning clinics, GUM=genitourinary medicine, vs=versus 
references: (Fethers, Fairley et al. 2008; Walker, Fairley et al. 2008; Fethers, Fairley et al. 2009) (Cotch, Pastorek et al. 1991; Richardson, Franco et al. 2000; Fenton, Korovessis 
et al. 2001; Tideman, Taylor et al. 2001; Rousseau, Abrahamowicz et al. 2003; Williams, Tabrizi et al. 2003; Winer, Lee et al. 2003; LaMontagne, Fenton et al. 2004; Stanberry, 
Rosenthal et al. 2004; Andersen, Sokolowski et al. 2006; Fife, Fortenberry et al. 2006; Hocking, Willis et al. 2006; Vaccarella, Franceschi et al. 2006; Scott Lamontagne, Baster et 
al. 2007)
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DISCUSSION  

 

An important finding of this study is that no cases of BV were detected in 

women without a history of sexual experience, once non-coital sexual practices 

were taken into consideration. To my knowledge this is the first study of BV to 

account for non-coital sexual practices in young women who had not engaged in 

penile-vaginal sex.  While I confirm a strong consistent association between BV and 

penile-vaginal sex with multiple partners, I found BV to be absent in truly sexually-

inexperienced women.   

 

Historical analogy 

 

 Historically, cervical cancer research was once in an analogous situation to 

the current BV context. In the 1940-70s several epidemiological studies 

demonstrated cervical cancer risk was related to various sexual behaviours 

(Rotkin 1973) such as age at first sex and multiple sexual partners. However, 

acceptance of this theory of sexual risk for cervical cancer was hindered because 

there was no male disease counterpart, no infectious organism had been identified, 

and multiple other factors (hormone, race, smoking, socioeconomic status, sex 

frequency etc) were also implicated in disease development and progression. It 
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may be that these two important  gynaecological conditions travel a similar path to 

understanding and acceptance. 

 

Bacterial vaginosis and sexually inexperienced women 

 

Two widely cited studies have identified BV in ‘virginal’ women, and these 

studies have contributed to the belief amongst clinicians and researchers that BV 

could therefore not be an STI (Bump and Buesching 1988; Yen, Shafer et al. 2003). 

One study was conducted in female American military recruits, and the other in a 

North American gynaecology clinic, where participants were the classmates of the 

daughters of gynaecology staff. Importantly, both studies were conducted in 

environments which may have deterred participants from reporting accurate 

sexual histories. Secondly, the studies did not collect detailed information on 

sexual practices beyond the presence or absence of penile-vaginal sex. In our study 

the classification of sexual exposure incorporated a broad range of non-coital 

sexual practices, including penile-vulval exposure, oral-vulvovaginal exposure and 

digital-vulvovaginal contact; behaviours which have been associated with 

transmission of known STIs such as HPV and HSV in other cohorts of sexually-

inexperienced women (Edwards and Carne 1998; Winer, Lee et al. 2003; Winer, 

Feng et al. 2008). I identified three women with BV who would have been classified 

as virgins in the previous studies, as they had only engaged in non-coital sexual 

practices. Importantly, there were 83 women in our study with no history of any 
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genital-sexual contact, and BV was not detected in this group (0%; 95% CI 0-4.3%). 

The epidemiological findings of our study are consistent with data from a recent 

meta-analysis of sexual risk factors and BV (Fethers, Fairley et al. 2008), which 

found that increasing numbers of unprotected sexual encounters increased the risk 

of BV. Having >3 penile-vaginal sexual partners in the prior 12 months was 

strongly associated with BV (adjusted OR=7.1; 95% CI 2.7-18.4), and the strength 

of this association is in keeping with those reported for multiple sexual partners 

and established STIs (Cotch, Pastorek et al. 1991; Richardson, Franco et al. 2000; 

Tideman, Taylor et al. 2001; Winer, Lee et al. 2003; LaMontagne, Fenton et al. 

2004; Walker, Fairley et al. 2008) (see Table 3.5). 

 

Bacterial vaginosis and different sexual practices   

 

Some studies have reported an association between BV and practices such 

as ROS, anal sex and sex-toy use (Schwebke, Richey et al. 1999; Marrazzo, Koutsky 

et al. 2002; Cherpes, Hillier et al. 2008); however findings have not been 

consistent, and it is difficult to separate the contribution of a specific sexual 

practice within sexually-active individuals. Our study was not designed to examine 

the association between BV and specific sexual practices; however there were 

suggestions during analysis that practices such as anal sex, sex–toy use and ROS 

may contribute to the development of BV. The reported practice of anal sex was 

not uncommon in our cohort (19.8%), and was associated with BV by univariate 
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analysis. Some researchers have hypothesized that the perineal transfer of 

anaerobes may be implicated in BV pathogenesis (Holst 1990; Cherpes, Hillier et al. 

2008). In our study women practicing anal sex were also highly sexually-active, 

with greater numbers of penile-vaginal sex partners (p=0.001) and greater use of 

sex-toys (p<0.001). Importantly, anal sex did not remain associated with BV after 

adjustment for number of vaginal sex partners. Sex-toy use, however, did remain 

associated with BV after adjustment for vaginal sex partners. While the association 

was not strong, studies in women-who-have-sex-with-women (WSW) have found 

that use of unprotected sex-toys increases a woman’s risk of BV, suggesting that 

exchange of vaginal secretions via toys could play a role in the development of 

BV(Marrazzo, Koutsky et al. 2002). Schwebke et al found an association between 

ROS and unstable vaginal flora (Schwebke, Richey et al. 1999). ROS was associated 

with BV in our population, but again did not remain so after adjustment for penile-

vaginal sex partners.  It is unclear if the apparent associations, such as that 

observed between sex-toy use and BV, indicate transmission of an infectious agent 

from a specific site or fomite, or, given the inter-relatedness of these sexual 

practices, they are instead just a marker of a highly sexually-active individual who 

is more likely to encounter disease. Only further study of young women just prior 

to coitarche is likely to be able to investigate the contribution of specific non-coital 

practices to BV.  

 



132 
 

Bacterial vaginosis and other behavioural practices 

 

Other factors implicated in BV pathogenesis in previous studies include the 

use of the contraceptive pill (Wilson, Lee et al. 2007), frequency of sexual 

intercourse (Schwebke and Desmond 2005), douching (Holzman, Leventhal et al. 

2001), smoking (Cherpes, Hillier et al. 2008), circumcision status of male partner 

(Cherpes, Hillier et al. 2008; Tobian, Serwadda et al. 2008), and female-female 

sexual contact (Marrazzo, Koutsky et al. 2002; Bailey, Farquhar et al. 2004; Smart, 

Singal et al. 2004; Bradshaw, Morton et al. 2005; Koumans, Sternberg et al. 2007; 

Fethers, Fairley et al. 2008). In our study, these variables did not significantly 

affect BV risk, but there were relatively small numbers of smokers and WSW in our 

population.  

 

Study limitations 

 

 This study has a number of limitations. Women may have been reluctant to 

disclose sexual practices; previous research indicates young women tend to under-

report sexual behaviours (Siegel, Aten et al. 1998). Non-consenting practices were 

also not specifically elicited, and therefore may not have been reported. However, 

the behavioural data obtained in FUSS are similar to those reported in the national 

Australian sex-survey for this age group, except that our participants were more 

likely to report potentially stigmatised practices such as anal sex and sex-toy use 
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(Richters, Grulich et al. 2003; Rissel, Richters et al. 2003). Our study employed self-

completed coded paper or web-based questionnaires, in contrast to the national 

survey, which used phone interview. This may indicate that our participants felt 

less inhibited in reporting sexual activities, and as such, favours less 

underreporting of sexual practices. Another important limitation of our study is 

the potential for lack of generalisability of findings. When considering our study 

population I deliberately selected a university cohort where computer-literacy 

would be high, so that they would be able to self-complete detailed web-based 

questionnaires, and where I would be likely to get a broad spectrum of sexual 

experience at 17-21 years of age, with some still sexually-inexperienced. One 

advantage resulting from this approach was the high rate of questionnaire 

completion (92%), and therefore missing data was unlikely to bias results. 

Potential weaknesses are that these findings may not apply to other populations, 

and that the BV prevalence in this group of women was low. Misclassification of 

slides is not likely to have contributed to any underestimate of BV prevalence in 

this population as 10% of slides were audited by an independent microscopist, 

92% concordance was obtained and consensus was reached between three 

microscopists on the remaining slides. The number of cases of BV were within the 

proportion anticipated during the sample size and power calculations that 

preceded the study, and BV cases were confirmed during clinical consultation. This 

study was not powered to examine the potential association between BV and each 

specific non-coital sexual practice in women who had not engaged in penile-

vaginal sex. 
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CONCLUSION 

 

Progress in establishing if BV is sexually transmitted is impeded by the 

absence of a known microbiological aetiology. Our study shows a strong 

association between BV and penile-vaginal sex with multiple partners, but found 

no BV in sexually-inexperienced women once non-coital practices were accounted 

for. Our findings indicate BV is not present in truly sexually-inexperienced women 

and contributes to the mounting body of evidence that the epidemiology of BV is 

similar to that of an STI.  
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Appendix 3: Publication of FUSS cross-sectional results. The journal of 
Infectious Diseases, December 2009 
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Appendix 4: Editorial accompanying FUSS article, The Journal of Infectious Disease, 
December 2009. 
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Appendix 5: Poster presentation ISSTDR conference London 2009 
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Appendix 6: Reuters news item after publication of FUSS Journal of Infectious Diseases article 
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Appendix 7: FUSS study kit instructions 
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Appendix 8: Oral presentation Australasian Sexual health Conference 2008 

What’s the “FUSS” about?

Risk factors for bacterial vaginosis 
in young Australian women

Australasian Sexual Health Medicine Conference Perth 2008

Kath Fethers Kit Fairley Anna Morton Carol Hopkins 
Lisa Kennedy Jane Hocking Glenda Fehler Catriona
Bradshaw
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Appendix 9: FUSS self-collection vaginal swab directions 
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Appendix 10: FUSS poster from University orientation handbook 
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Appendix 11: FUSS baseline sexual and behavioural questionnaire 
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Chapter 4   
 

 

 

 
Incidence of early-episode bacterial vaginosis in young 

Australian women  
 
 
 

  

 

Publications and presentations arising from this work 

 

Low incidence of bacterial vaginosis in cohort of young Australian women. 

Fethers KA, Fairley CK, Morton A, Hocking JS, Fehler G, Kennedy LJ, Bradshaw CS. 
Sexually Transmitted Diseases. 2011 Feb;38(2):124-6. 
 
 
 
Early episode Bacterial vaginosis in women close to sexual debut. IUSTI 
World Conference, Cape Town November 2009. 
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CHAPTER SUMMARY 

 

Abstract  

 

This chapter describes a cohort study investigating risk factors associated with 

early-episode bacterial vaginosis (BV) in 413 female university students. 

Participants were posted questionnaires and vaginal swabs to self-collect 3-

monthly for 12 months. BV incidence was zero (95%CI;0-2.6/100 woman-years) 

among women with no history of vaginal sex and low [2.2 (95% CI 0.9-4.7)/100 

woman-years)] in sexually-active women. Based on reported duration since 

sexual-debut, the overall incidence of early-episode BV was 1.7 (95%CI;1.2-2.5) 

/100 woman-years of sexual activity. Early-episode BV was associated with 

averaging ≥2 sexual partners per anum [relative risk RR=3.5 (95%CI;1.5-7.7) 

p=0.004], but not with increased frequency of sexual activity RR=0.6 (95% CI;0.3-

1.5). 
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INTRODUCTION  

 

Designing a study of incident or first episode BV is challenging. Previous 

prospective studies have reported BV incidence rates in excess of 20 per 100 

woman-years; however, these studies have been in older, sexually-experienced 

women, and/or have been conducted in high prevalence settings(Avonts, Sercu et 

al. 1990; Barbone, Austin et al. 1990; Hawes, Hillier et al. 1996; McClelland, 

Lavreys et al. 2005; Schwebke and Desmond 2005; Nansel, Riggs et al. 2006; Ness, 

Kip et al. 2006; Hutchinson, Kip et al. 2007; Nagot, Ouedraogo et al. 2007; Cherpes, 

Hillier et al. 2008). Differentiating true incident or first episode disease from 

recurrent BV in cohort studies, while difficult, is important as the risk factors for 

these conditions are likely to differ. I designed a study in young women with 

limited sexual experience in order to calculate incidence and explore factors 

associated with early-episode BV. Detailed sexual histories were obtained from all 

participants on a broad range of both coital and non-coital practices, including age 

of first experience(s). The baseline findings have been previously reported 

(Fethers, Fairley et al. 2009). I now report the prospective findings. 
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METHODS 

 

The study was conducted in 17-21 year old women attending Melbourne 

University, and has been previously described (Fethers, Fairley et al. 2009). In 

brief, women were recruited through advertisements on university campus and in 

orientation material, which provided study information and investigator contact 

details.  Eligible women were posted a study kit containing information, consent 

forms, questionnaire, instructions for self-collecting a vaginal sample, a dacron-

swab and glass slide, and a reply-paid envelope. Participants completed a 

questionnaire which recorded demographic and behavioural practices including 

coital and non-coital sexual practices and onset of sexual activity.  Women with a 

Nugent score (NS) < 7 and no past history of BV could participate in a 12-month 

cohort study, during which they were posted a study pack 3-monthly for 12 

months, or until they reached study endpoint (NS=7-10). Participants received 

three USD $20 gift vouchers for participating. The Human Research and Ethics 

Committee of Melbourne University approved the study.  

Gram-stained high vaginal smears were scored by an experienced 

microscopist (blinded to behavioural data) using the Nugent method; 10% of slides 

were independently audited. A NS of 0-3 was graded as normal flora, 4-6 as 

intermediate flora and 7-10 as BV. Participants with a NS of 7-10 were reviewed by 

a sexual health physician and offered treatment and STI testing if indicated.  
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Data were analysed using SPSS (version 17.0). The endpoint for the analysis 

was a NS of 7-10 (BV).  Two different analyses were undertaken: the first 

calculated BV incidence during the prospective-cohort using observed person-time 

as the denominator; the second was based on an assumption that baseline BV 

cases were likely to reflect early-episode disease, given participants were young 

women close to sexual debut with no history of BV, and that our cross-sectional 

findings had identified no BV in sexually-unexposed women (Fethers, Fairley et al. 

2009). Duration of sexual activity was calculated from the youngest age a 

participant reported commencing receptive oral sex (ROS), vaginal sex or anal sex, 

and this time period was used as the denominator. Using combined prospective 

and retrospective data, the overall incidence of early-episode BV was calculated. 

Incidence rates were calculated using the PersonTime1 module of Open Epi. 

Correlations between categorical variables were examined using Chi-square or 

Fischer Exact tests where appropriate. Crude rate ratios with 95% confidence 

intervals (95% CI) were calculated to examine univariate behavioural associations 

between participants with BV and NS 0-6.  
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RESULTS 

 

As previously reported, 528 women completed the baseline study (Fethers, 

Fairley et al. 2009); 115 baseline participants did not enter the cohort: 105 

declined and 10 with a past history of BV were excluded. Four-hundred-and-

thirteen (78%) participants with a NS<7 entered the cohort study and completed 

≥1 follow-up, generating 382.5 women years of follow-up. Baseline sexual and 

behavioural characteristics did not differ significantly between cohort participants 

and those who declined to participate. (p>0.1).  

 

Prospective Cohort analysis 

 

Detailed baseline characteristics of participants have previously been 

described (Fethers, Fairley et al. 2009). The median age of women in the cohort was 

19.8 years (range 17.3-22.1). In brief, 351 (85%) cohort participants at baseline 

reported past non-coital sexual activity (digital-vulval, digital-anal contact, sex-toy 

use with partner and/or ROS), 289 (70%) reported vaginal sex and 77 (19%) anal 

sex. Thirty-seven (9%) reported sexual contact with women; 8 (2%) had exclusively 

female partners. One–hundred-and-eighty-two (44%) participants used the oral 

contraceptive pill (OCP), 29 (7%) were smokers and 70 (17%) vaginally douched.  
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Table 4.1 presents participant behaviours during observation. The median 

number of sexual partners during observation was 1 (range 0-10). Seven of 62 

(11%) sexually-inexperienced women at enrolment reported non-coital sex during 

the observation period, and 5 (8%) penile-vaginal sex. Of 64 women with a history 

of only non-coital sex at baseline, 28 (44%) reported penile-vaginal sex during 

observation.  

At baseline 375/413 (91%) participants had normal flora (NS 0-3) and 

38/413 (9%) intermediate flora (NS 4-6). Three-hundred-and-twenty-women 

(77%) had normal flora on all smears during observation, and 96 (23%) had ≥1 

vaginal smear reported as NS 4-10. Only six incident cases of BV occurred, giving an 

incidence rate of 1.6 (95%CI; 0.6-3.3)/100 woman-years. The remaining smears had 

intermediate flora, the majority (71%) with NS=4.  The six cases of BV occurred in 

women reporting vaginal sex during observation. BV incidence in vaginally-sexually 

active women was 2.2 (95% CI 0.9-4.7)/100 woman-years; the incidence in women 

with no vaginal sex during observation was 0 (95%CI;0-2.6 )/100 woman-years,  

p=0.12. There was a non-significant increased risk of developing BV for women with 

>1 sexual partner (male or female) during observation [RR=3.6 (95%CI:0.6-21.1)] .  
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Table 4-1: Behaviours of participants during observation 

 

Characteristics of participants 

during observation 

No. of cohort 

participants n=413 

(%)  

Penile-vaginal sex  300 (73) 

Any unprotected penile-vaginal 
sex  

250 (61)  

Receptive oral sex  285 (69) 

Receptive anal sex  62 (15) 

Sex toy use with a partner  72 (17) 

New sexual partner  135 (33) 

Oral contraceptive pill use  182 (44) 

Vaginal douching  57 (14) 

Smoking  62 (15) 

Sex work  0 

Exclusive female sexual contact  8 (2) 

Male and female sexual contact  13 (3)  

No sexual exposure  74 (18) 

Non-coitally active only 39 (9) 
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Combined prospective and retrospective analysis 

 

  For sexually-active women I calculated the “duration of sexual activity” 

based on their youngest reported age of first vaginal, ROS or anal sex. The median 

duration of sexual activity for participants at enrolment was 3.0 (0.1-9.2) years.  As 

youngest age of first digital-genital contact was not reported, women with no 

history of ROS, vaginal or anal sex were excluded from this aspect of the analysis. 

 Based on the assumption that BV diagnosed at baseline was likely to reflect 

early-episode BV, I combined retrospective and prospective data (n=411) to 

calculate the overall incidence of early-episode BV since sexual-debut. Twenty-six 

cases of early-episode BV occurred over 1500.6 years of sexual activity, generating 

an incidence of early-episode BV of 1.7 (95% CI;1.2-2.5) /100 years of sexual 

activity. Incidence of early-episode BV was stratified by lifetime partners, and 

mean number of partners per annum since onset of sexual activity in Table 4.2. 

Importantly, women reporting a mean of ≥2 sexual partners per annum since 

sexual-debut were significantly more likely (RR=3.5;95%CI 1.5-7.7) to experience 

early-episode BV than women with <2 partners/annum, p=0.004. Increased 

number (≥6) of lifetime partners was positively but not significantly associated 

with increased risk of early-episode BV [RR=2.0 (95% CI 0.9-4.4)]; however 

frequency of sexual activity was not associated with BV, RR=0.6 (95% CI;0.3-1.5). 

At completion of the prospective study, the median duration of sexual activity did 
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not differ between women with BV and women with normal or intermediate flora, 

(3.5 years versus 3.5 years, p=0.5). 

 

 



192 
 

 

No.=number, BV=bacterial vaginosis, ROS=receptive oral sex, SP=sexual partners, 
CI=confidence intervals 

a history of ROS, vaginal or anal sexual activity. 

b male and female sexual (vaginal, anal or ROS) partners. 

c vaginal sex, anal sex or ROS.  

Table 4-2: Associations between sexual partner numbers and 
incidence of early BV infection in sexually-active women  

  BV cases 

/years since 

sexual debut 

Incidence of early-

episode BV/100 

woman years 

(95%CI) 

Relative Risk  

(95% CI) 

Lifetime No. 

SPsb 

<6  

≥6 

 
 
13/999.67 
13/497.49 

 
 
1.3 (0.7-2.2) 
2.6 (1.4-4.5) 

 
 
1 
2.0 (0.9-4.4) 

Mean No. of SPs 

b  per year 

 
<2 

≥2 

 
 
 
16/1272.58 
10/227.97 

 
 
 
1.3 (0.7-2.0) 
4.4  (2.1-8.1) 

 
 
 
1.0 
3.5 (1.5-7.7) 

Sexc weekly or 

more 

 

No 

Yes 

 
 
 
10/432.99 
16/1067.56 

 
 
 
2.3 (1.1-4.2) 
1.5 (0.9-2.4) 

 
 
 
1.0 
0.6 (0.3-1.5) 
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DISCUSSION 

 

Our data suggest that BV is uncommon in young women with limited sexual 

experience, with an annual incidence of less than 2/100 woman-years, and is 

absent in women prior to any sexual activity.  This study is the first to report the 

incidence of BV in young Australian women.. Our observed incidence (1.6/100 

woman-years), and upper 95% confidence interval, is markedly lower than 

previous cohort studies which reported annual incidences >20/100 woman-

years(Avonts, Sercu et al. 1990; Barbone, Austin et al. 1990; Hawes, Hillier et al. 

1996; McClelland, Lavreys et al. 2005; Schwebke and Desmond 2005; Nansel, Riggs 

et al. 2006; Ness, Kip et al. 2006; Hutchinson, Kip et al. 2007; Nagot, Ouedraogo et 

al. 2007; Cherpes, Hillier et al. 2008). Early-episode BV was associated with 

increased numbers of sexual partners, and was strongly related to increased 

partner turnover, as measured by mean number of sexual partners per year of 

sexual activity, but was not associated with frequency of sexual activity. Higher 

partner turnover may represent an indirect marker of the sexual risk 

characteristics of these partners, as people entering shorter sexual relationships 

may be more likely to engage in other casual sexual relationships. This speculation 

is supported by a study by Schwebke which measured the risk behaviour of male 

partners of women with incident BV, and found these male partners had 

significantly more recent sex partners than the male partners of women without 

BV (Schwebke and Desmond 2005). Our findings indicate that, like established 
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STIs, it is exposure to greater numbers of sexual partners, rather than increased 

frequency of sexual activity that confers a risk of disease. 

 

BV incidence in other study cohorts 

 

Our BV incidence is low compared to other prospective BV studies that have 

reported BV incidences ranging from 19.9/100 woman-years in a young Belgian 

women (Avonts, Sercu et al. 1990) to greater than 100/100 woman-years in 

Kenyan sex workers (McClelland, Lavreys et al. 2005). These studies have included 

older women with a history of BV and have been conducted within relatively high 

prevalence populations, making it difficult to distinguish first episode from 

recurrent disease. As our study aim was to try to explore the risk behaviours 

associated with early-episode, ideally first-episode, BV, I excluded women with 

previous BV and limited our group to young women, 17-21 years.    
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Study limitations 

 

Our study has a number of limitations.  It is possible that obtaining only 3-

monthly smears may have underestimated the true incidence of BV.  Fluctuations 

in vaginal flora are known to occur rapidly and to be influenced by various factors 

including hormonal variation and behaviours. This may have led us to 

underestimate the incidence of BV, however, this is a potential measurement error 

of most published-prospective studies.  Secondly, I have made some assumptions 

in combining retrospective and prospective data. I have classified women with BV 

at baseline as early-disease and included them in our incidence analysis of early-

episode BV. I have used the term early-episode BV to try and distinguish these 

cases from women with a recurrence, as women were young, had no history of BV, 

and had only been sexually active for a median of 3.0 years. I therefore felt that 

baseline cases were more likely to reflect recent rather than recurrent disease but 

there may have been participants in whom this reflected a short history of 

recurrent or persistent infection.   

A further limitation is our lack of generalisability. This study was performed 

in a low prevalence setting in young, educated women and cannot be considered 

representative of the Australian population. The low rate of smoking and relatively 

high proportion of women on the OCP may reflect a demographic bias. The OCP is 

known to be protective against BV, and the high proportion of women on the OCP 

may have contributed to our low BV incidence. An adjusted analysis of baseline 



196 
 

data found the OCP to be non-significantly negatively-associated with BV (OR=0.6, 

95%CI;0.2-1.4). However the small number of cases limited our ability to 

undertake detailed adjusted comparisons to control for confounding factors, and 

larger studies are needed to further examine the factors associated with early-

episode BV in young women. In previous studies hormonal contraception confers, 

at most, 50% protection against BV (Baeten, Nyange et al. 2001). Reducing this 

exposure in our cohort would result in an incidence at most of 3.2/100 woman-

years, which is still significantly lower than other published studies. Overall the 

low incidence in this cohort cannot be entirely attributed to use of hormonal 

contraception. Despite these limitations, FUSS is the first BV incidence study 

performed in Australia and provides important insights into the behavioural 

factors associated with early BV disease in young women.  
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CONCLUSION 

 

 These data add to increasing evidence that suggests the epidemiology of BV 

is similar to that of sexually transmitted infections. I have shown that incident BV 

is very uncommon in young women with limited sexual experience, and 

importantly, is absent in women who report no sexual activity. Rate of partner 

turnover since sexual-debut, rather than frequency of sexual activity, appears to 

confer the greatest risk of early-episode BV in young women. Large well-designed 

incidence studies that commence as close as is practical to sexual-debut, and 

collect data on both coital and non-coital sexual practices, are needed to improve 

our understanding of BV pathogenesis and to inform prevention guidelines to 

control this disease and its important complications.  
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Appendix 12: Publication of FUSS cohort results February 2011 
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Appendix 13: FUSS cohort presentation Cape Town 2009 

Early episode Bacterial vaginosis in 
women close to sexual debut

IUSTI WORLD CONFERENCE, 
CAPE TOWN NOVEMBER 2009

Katherine Fethers1,2,Christopher Fairley 1,2, Anna Morton1, Jane 
Hocking1,2, Lisa Kennedy1, Glenda Fehler1 & Catriona Bradshaw1,2,3

1Melbourne Sexual Health Centre, 2University of Melbourne, 3Monash University, Melbourne Australia
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Appendix 14: FUSS cohort 3 monthly questionnaire 
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Chapter 5     
 

 

 
Sexual behaviour and vaginal flora of sexually inexperiened 

FUSS participants after 24 month follow up  
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BACKGROUND 

 

 To further examine the incidence of BV and the sexual behaviours in FUSS 

participants who reported no vaginal sex at study baseline, women were invited to 

particpate in a follow up study 24 months after study recruitment.  

 

METHODS 

 

 FUSS participants who reported no sexual activity or non-coital sexual 

behaviour only at baseline were eligible. Participants eligible were contacted by 

phone or email and invited to participate in a 24 month follow up swab and 

questionnaire. Study kits identical to previous cohort kits were mailed to 

participants consenting by phone or email to further investigation and the 

questionnaire was modified to capture behavioural information engaged in since 

their previous study engagement 12 months prior. 

Gram-stained high vaginal smears were scored by an experienced 

microscopist (blinded to behavioural data) using the Nugent method; 10% of slides 

were independently audited. A NS of 0-3 was graded as normal flora, 4-6 as 

intermediate flora and 7-10 as BV. Participants with a NS of 7-10 were reviewed by 

a sexual health physician and offered treatment and STI testing if indicated.  
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RESULTS 

 

 Sixty women who reported no vaginal sexual activity at baseline agreed to 

participate in the 24 month FUSS follow up. Of these women, 52 (87%) had normal 

vaginal flora (NS = 0-3) at baseline and 8 (13%) had intermediate vaginal flora (NS 

= 4-6).  Thirty nine of these FUSS participants (64%) reported no sexual activity 

with another person at baseline and 22 women had reported non-coital sexual 

contact with a sexual partner; non coital contact included receiving oral sex  (8 of 

22 women) and all 22 reported digital- genital contact.   

 

Vaginal flora at 24 months follow up 

 

 Of the 60 women who returned vaginal smears at 24 month follow up, 55 

(92%) had normal vaginal flora. Of the 8 women who had intermediate flora at 

baseline, 2 (25%) were intermediate at 24 months follow up. There were no 

incident cases of BV at 24 months follow up. 

 

 

Sexual behaviour of sexually inexperienced FUSS participants over 24 

months 
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 Figure 5.1 illustrates the behavioural information from 166 women who 

were sexually inexperienced at the beginning of the FUSS project.  Of the 128 

women who participated in the 12 month cohort who had not engaged in vaginal 

sex at baseline,  33 (26%) reported having vaginal sex during the 12 month 

longitudinal follow up.  The incidence of vaginal sex in those who had participated 

in non-coital sex at baseline was 46.9/100 woman years compared with 8.9/100 

woman years in those women who reported no sexual contact at all at baseline. 

The relative risk of vaginal sex at 12 months in those with non-coital experience 

was 5.2 (95% CI 2.6-11.3), p<0.001. 

 Of the 60 women participating in the 24 month FUSS follow up,  16 (27%) 

reported having vaginal sex at 24 months study point.  At 24 months the relative 

risk of engaging in vaginal sex in women who reported previous non-coital sex 

versus those with no prior sexual experience was 3.3 (95% CI 1.7-6.5), p<0.001. 

Two women who had no vaginal sex at the 24 months study point reported female 

sexual partners only.  

 Of those who started having vaginal sex during the 24 month cohort only 

one woman reported more than one male sexual partner; she reported two .  

 

 

 

 

 



222 
 

Other behaviours 

 

 Of the 60 women participating in the 24 month follow up, only one reported 

smoking cigarettes and two women had used a sex toy with a sexual partner (both 

WSW). The very small rate of smoking, the low reported numbers of sexual 

partners in this cohort and their willingness to participate in a two year 

longitudinal research project, could indicate this sub-group of women may be a 

highly biased self-selected group and may not be representative of the general 

population, or even other tertiary students at Melbourne university.   
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Figure 5.1: Behaviour of inexperienced FUSS participants over 24 

months 
FUSS baseline behavioural data 

At baseline there were 166 "virgins" enrolled in 
FUSS study defined as women who reported never 
having vaginal sex: 

• 87 reported no sexual contact ever 

• 79 reported non-coital  sex only 

   -33/79 oral sex (including 3 WSW) 

   -79/79 vaginal-digital sex 

Month 12 behavioural data from women 

who reported non-coital sex at baseline  

• 28/63  (44%) vaginal sex at 12 months 

• 21/63 (33%) on-going non-coital sex  

• 14/63 (22%) no sexual contact for 12 
months 

 
Incidence of vaginal sex at 12 month in women who 
reported non-coital sex at baseline 46.9/100WY, 
(95% CI 31.1-67.7) 

Month 24 behavioural data from 

women who reported non-coital sex 

by month 12 

• 9/26 (35%) vaginal sex at 24 months 

• 10/26 (38%) non-coital sex 

• 7/26 (27%) no sex contact for 12 
months 

24 month incidence rate of vaginal sex 
following previous non-coital sex 43/100WY 
(95% CI 30.1-59.5) 

Month 24 behavioural data from women 

who reported no sex at all by month 12 
• 7/34 (21%) vaginal sex at 24 months 

• 5/34 (15%) non-coital sex 

• 23/34 (68%) no sexual contact ever 

24 month incidence rate of vaginal sex following  
no previous  sexual contact 13/100WY (95%CI 
6.8-23.2) 

 

Month 12 behavioural data from 

women who reported no sex at all 

at baseline 

• 5/65 (8%) vaginal sex at 12 months 

• 9/65 (14%) non-coital sex  

• 51/65 (78%) no sexual contact ever 
 

Incidence of vaginal sex at 12 month in 
women who reported no sexual contact at 
baseline 8.9/100WY, (95% CI 2.9-20.7) 
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CONCLUSION  

 

 This sub group from a cohort of young women from the University of 

Melbourne demonstrate extremely low sexual risks. In those women who reported 

non-coital sexual activity at baseline, the incidence of engaging in vaginal risk was 

significantly higher than those woman who had not engaged in any sexual activity. 

However, a relatively large group of women who reported non-coital sex continued 

to have non-coital sexual activity only throughout follow up. Those women who 

did participate in vaginal sex during the cohort reported very small numbers of 

sexual partners and other behaviours such as smoking were extremely uncommon.  
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Chapter 6   
 

 

Bacterial vaginosis candidate bacteria: associations with BV 
and behavioural practices in sexually-experienced and 

inexperienced women 
 

 

  

 

Publication and presentations arising from this work 

 

Bacterial vaginosis (BV) candidate bacteria: associations with BV and 

behavioural practices in sexually-experienced and inexperienced women. 

Fethers KA, Twin J, Fairley CK, Fowkes FJ, Garland SM, Fehler G, Morton AM, 

Hocking JS, Tabrizi S, and Bradshaw CS. (under review at JID) 

An analysis of sexual risk factors and prevalence of BV associated bacteria in 

women with BV and normal flora.  19th International Society of STD Research 
Conference, Quebec, 2011. 

Bacterial vaginosis candidate bacteria: what are their behavioural risk 

associations and which is the most strongly associated with BV? Australasian 
Sexual Health Conference, Canberra, 2011 

BV associated bacteria in the vaginal flora of young female university 

students and how they relate to sexual activity. Australasian Sexual Health 
Conference, Sydney, 2010. 
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CHAPTER SUMMARY 

 

Abstract 

 

Background: I examined the relative strengths of associations between key 

bacterial vaginosis-candidate organisms (BV-CO) and BV status established by 

Nugent's score (NS) and examined the sexual behavioural practices associated 

with each BV-CO.  

Methods: I incorporated 2 study populations: 193 from a relatively sexually-

inexperienced university population and 146 from a highly sexually-active clinic 

population.  Women completed comprehensive behavioural and demographic 

questionnaires and BV status was established by NS. Molecular assays determined 

the presence of 8 key BV-COs: Atopobium vaginae (A.vaginae), Gardnerella 

vaginalis (G.vaginalis),  Leptotrichia spp, Megasphaera Type 1, Sneathia spp., BVAB1, 

BVAB2, and BVAB3.  

Results: On univariate analysis all BV-COs were significantly more common in BV 

compared to normal flora (NF) except BVAB1 which was rarely detected. 

Megasphaera, BVAB2, A.vaginae and G.vaginalis were all significantly associated 

with BV after adjusting for detection of other BV-COs; BVAB3, Sneathia and 

Leptotrichia were not independently associated with BV.  Six of the eight BV-COs 

studied demonstrated significant trends related to sexual risk (Megasphaera, 

BVAB2, BVAB3, Sneathia, Leptotrichia and G.vaginalis). G.vaginalis was ubiquitous 
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in BV, strongly associated with sexual risk, but was also detected in 28% of 

sexually-inactive women.  After multivariate analysis Megasphaera was 

independently associated with women-who-have-sex-with women (WSW) and 

lifetime sexual partner numbers, while unprotected penile-vaginal-sex was 

strongly related to BVAB2 detection. No specific behavioural practices were 

independently associated with G.vaginalis or A.vaginae. 

Conclusions: My data suggest that some BV-COs are more strongly associated 

with BV, and that sexual activity contributes strongly to detection of most COs, 

indicating sexual transmission is likely. 
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BACKGROUND 

 

Bacterial vaginosis (BV) is an enigmatic condition and despite over 50 years of 

medical research, its aetiology and pathogenesis remains unknown. It is the 

commonest cause of vaginal discharge globally (Lamont, Morgan et al. 2000; 

Allsworth and Peipert 2007), is associated with adverse pregnancy outcomes 

(Gravett, Hummel et al. 1986; Hillier, Nugent et al. 1995; Meis, Goldenberg et al. 

1995; Goldenberg, Andrews et al. 1997)and enhancement of heterosexual HIV 

transmission (Taha, Hoover et al. 1998). In recent years, using molecular 

techniques, several new fastidious bacteria have been identified that have a strong 

association with BV (Verhelst, Verstraelen et al. 2004; Zhou, Bent et al. 2004; 

Fredricks, Fiedler et al. 2005; Hyman, Fukushima et al. 2005; Fredricks, Fiedler et 

al. 2007; Zhou, Brown et al. 2007; Oakley, Fiedler et al. 2008). Epidemiological 

evidence is mounting suggesting that BV is sexually transmitted (Morris, Rogers et 

al. 2001; Bradshaw, Morton et al. 2005; Schwebke and Desmond 2005; Fethers, 

Fairley et al. 2008; Fethers, Fairley et al. 2009), however, whether the newly 

described BV-COs are sexually transmitted remains unknown. Using samples from 

two published studies that collected detailed behavioural data and included 

women with a broad range of sexual experience including sexually-inactive 

women,  I sought to examine the relative strength of associations between key BV-

COs and BV status established by Nugent's score (NS,) and to establish the 

behavioural characteristics associated with each BV-CO.
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METHODS 

 

Study populations and recruitment methods.  

 

 I combined two study populations : The FUSS (Female University Student 

Study) which recruited 540 women aged 17–21 years attending Melbourne 

University from March -July 2008 (Fethers, Fairley et al. 2009) and a clinic 

population of 342 women attending Melbourne Sexual Health Centre (MSHC) with 

symptoms of  vaginal discharge or odour from July 2003-August 2004(Bradshaw, 

Morton et al. 2005). FUSS contained 3 groups of women: sexually-inactive women 

with no history of any sexual-contact, women with a history of non-coital contact 

but no penile-vaginal sex and women with a history of penile-vaginal sex. Overall 

the FUSS population had limited sexual exposure. The clinic population 

contributed samples from sexually-experienced women with higher numbers of 

lifetime partners, to act as a comparator group to the low risk FUSS population and 

importantly to provide generalisable findings to past studies. Most studies of the 

association of BV-COs with BV have been in women recruited from higher 

prevalence populations (Fredricks, Fiedler et al. 2007; Oakley, Fiedler et al. 2008; 

Mitchell, Moreira et al. 2009; Zozaya-Hinchliffe, Lillis et al.). 
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Clinical methods 

 

 Participants in both studies completed questionnaires recording 

demographic, medical, sexual partnership and behavioural data. Both studies used 

the Nugent method to diagnose BV on Gram-stained vaginal smears. In FUSS they 

were self-collected, while they were clinician-collected in the clinic study. FUSS 

participants received instructions regarding self-collecting vaginal swabs and 

smears, which has been shown to be equivalent to practitioner-collected samples 

in published studies(Nelson, Bellamy et al. 2003; Tanksale, Sahasrabhojanee et al. 

2003; Strauss, Eucker et al. 2005).   

 All vaginal smears were scored using the Nugent method by an experienced 

microscopist with no access to the behavioural data; a Nugent score (NS) of 0–3 

was graded as normal flora (NF), 4–6 as intermediate flora, and 7–10 as BV. Ten 

percent of slides were re-read by a second microscopist, who was blind to the 

original results. If consensus was not reached, a third microscopist assessed the 

slide and a discussion followed until agreement was reached.  

 Overall, 193 samples from FUSS were analysed including all samples with a 

NS of 7-10 (n=24), all samples from women who reported no history of penile-

vaginal sex ever (n=82) and an equivalent random sample of women who reported 

penile-vaginal sex ever (n=87). From the clinic study, 146 random samples were 

selected from a study population with higher reported sexual risks.  Women with 
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intermediate flora were not included in this analysis. Women who were pregnant, 

HIV infected, postmenopausal, or non- fluent in English were excluded from 

participating in either study.  The Human Research and Ethics Committee of the 

University of Melbourne approved both studies.                

 

Molecular analysis methodology. 

 

 Eight key BV-COs that have been described in the literature as being most 

specific and the most promising aetiological candidates for BV were selected for 

inclusion in this study: Atopobium vaginae, Gardnerella vaginalis,  Leptotrichia spp, 

Megasphaera Type 1, Sneathia spp. and the Clostridia-like bacteria BVAB1, BVAB2, 

and BVAB3. Lactobacillus crispatus was also included in the analysis as a key 

indicator of normal vaginal flora status.  Detection of A. vaginae,  L. crispatus, 

Leptotrichia spp., Megasphaera Type 1, Sneathia spp., and the Clostridia-like 

bacteria BVAB1, BVAB2 and BVAB3 were by quantitative PCR (qPCR) assays 

developed by Fredricks et al al (Fredricks, Fiedler et al. 2009), with the detection 

of Leptotrichia spp. and Sneathia spp. carried out as separate reactions.  G.vaginalis 

detection was determined by an assay by Zariffard et al. (Zariffard, Saifuddin et al. 

2002).  Each assay was determined in-house to have a sensitivity of 1-10 copies 

per reaction, comparable to that reported in their respective papers.  To assess 

inhibition, sample adequacy and integrity, real-time PCR amplification and 
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detection of the human β-globin gene was carried out as previously described 

(Tabrizi, Chen et al. 2004). 

 

Statistical analysis 

 

 The associations between BV-COs and BV were assessed by univariate and 

multivariate analysis using logistic regression.. The prevalence of BV-COs 

according to sexual exposure variables was assessed using chi-squared tests. To 

investigate the association between behavioural risk factors and BV-COs, a 

multivariate logistic regression model was constructed including variables with a 

significance of p<0.05 from the univariate analysis and key risk factors for BV from 

published literature. These included: number of lifetime vaginal sexual partner 

(LSP), smoking, age, frequency of vaginal sex and frequency of receptive oral sex 

and unprotected vaginal sex (UPVSI) in the last 12 months. Samples with 

intermediate flora (Nugent's score 4-6) were not included in this analysis and all 

analysis was undertaken using PASW software (version 18).  

                          

RESULTS 

 Overall, 339 specimens were analysed; 193 from FUSS and 146 from the 

clinic cohort. Among the study population, 233 women had NF and 106 women 

had BV. Table 6.1 describes the demographic and behavioural characteristics of the 
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study populations. The clinic-based women were older, more sexually-

experienced, more likely to smoke cigarettes (p<0.001) and less likely report sex 

toy use (p=0.02) than FUSS participants. The study populations were similar with 

respect to other reported practices including oral contraception use and douching.  
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Table 6-1: Demographic and behavioural characteristics of study 
population 

Characteristic No. (%) of 

participants in 

FUSS N=193 

No. (%) of 

participants in 

clinic study 

N=146 

p value No. (%) of 

participants total 

N=339 

 

NF 

BV  

 

169 (88) 

24 (12) 

 

64 (44) 

82 (56) 

 

<0.001 

 

233 (69) 

106 (31) 

Demographics 

Age 

<21 years 

≥21 years 

 

154 (80) 

39 (20) 

 

5 (3) 

141 (97) 

 

<0.001 

 

159 (47) 

180 (53) 

Country of birth  

Australia  

Other 

 

140 (73) 

53 (28) 

 

106 (73) 

38 (24)a 

 

0.8 

 

246 (73) 

91 (27) 

Lifetime sexual history variables 

Ever had vaginal sex 

No 

Yes  

 

82 (43) 

111(58) 

 

0 

146 (100) 

 

<0.001 

 

82 (24) 

257 (76) 

Lifetime vaginal sex 

partners  

0 

1-10 

>10 

 

 

82 (43) 

98 (51) 

13 (7) 

 

 

0 

17 (12) 

128 (88) a 

 

 

<0.001 

 

 

82 (24) 

115 (34) 

141 (42) 

Ever had anal sexb 

No 

Yes  

 

155 (80) 

38 (20) 

 

95 (66) 

50 (35) a 

 

0.002 

 

250 (74) 

88 (26) 

Ever had oral or  

digital-vulvovaginal sex 

No 

Yes  

 

58 (30) 

135 (70) 

 

 

0 

146 (100) 

 

 

<0.001 

 

 

58 (17) 

281 (83) 

Ever used a sex toy with 

a sex partner 

No 

Yes  

 

 

155 (80) 

38 (20) 

 

 

131 (90) 

15 (10) 

 

 

0.02 

 

 

286 (84) 

53 (16) 

Recent sexual history 

Oral sexual contact with 

a woman last 12 

months 

No 

Yes 

 

 

 

187 (97) 

6 (3) 

 

 

 

113 (77) 

33 (23) 

 

 

 

<0.001 

 

 

 

300 (89) 

39 (12) 

Oral sexual contact with     
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a man last 12 months 

No 

Yes 

 

96 (50) 

97 (50) 

 

7 (5) 

138 (95) a 

 

<0.001 

 

103 (30) 

235 (70) 

Oral sex > once weekly 

No 

Yes 

 

178 (92) 

15 (8) 

 

48 (33) 

98 (67) 

 

<0.001 

 

226 (67) 

113 (33) 

UPVSI in the last 12 

months 

No 

yes 

 

 

102 (53) 

91 (47) 

 

 

3 (2) 

143 (98) 

 

 

<0.001 

 

 

105 (31) 

234 (69) 

Vaginal sex > once 

weekly 

No 

Yes 

 

 

146 (76) 

47 (24%) 

 

 

38 (26) 

108 (74) 

 

 

<0.001 

 

 

184 (54) 

155 (46) 

Current/most recent 

partner circumcised 

No 

Yes  

Missing  

 

 

78 (40) 

27 (14) 

88 (46) 

 

 

35 (24) 

38 (26) 

73 (50) 

 

 

0.001 

 

 

113 (33) 

65 (19) 

161 (47) 

Other behavioural variables 

Current oral 

contraceptive pill use 

No 

Yes  

 

 

120 (62) 

73 (38) 

 

 

80 (55) 

66 (45) 

 

 

0.2 

 

 

200 (59) 

139 (41) 

Ever douched vaginally 

No 

Yes  

 

156 (81) 

37 (19) 

 

121 (83) 

25 (17) 

 

 

0.6 

 

277 (82) 

62 (18) 

Current smoker 

No 

Yes  

 

178 (92) 

15 (8) 

 

72 (50) 

73 (50) a 

 

<0.001 

 

250 (74) 

88 (26) 

Footnotes: No.=number, NF=normal flora, BV=bacterial vaginosis, a missing data=1, 
bFUSS =anal sex "ever", clinic =anal sex "last 12months", Oral sex = receptive oral 
sex, UPVSI=unprotected vaginal sex 
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Associations between candidate organisms with bacterial vaginosis and 

normal flora. 

 

 The association between detection of BV-COs in BV and NF were examined 

(Table 6.2).  All BV-COs except BVAB1 were significantly more common in women 

with BV than NF; while L.crispatus was significantly more common in NF. BVAB1 

was absent in NF and uncommon in BV. 

 In a logistic regression model, Megasphaera demonstrated the strongest 

independent association with BV of all BV-COs [Adjusted Odds ratio 

(AOR)=15.4;95%CI 5.9-40.2,p<0.001, Table 6.2]. BVAB2, A.vaginae and G.vaginalis 

were also significantly independently associated with BV (AOR=4.1 to 15.3, Table 

6.2).  Although the AORs for BVAB3, Leptotrichia and Sneathia  exceeded one, the 

association was not statistically significant once other BV-COs were adjusted for.   

 The median bacterial loads for all BV-COs with the exception of L. crispatus 

were significantly higher in BV than in women with normal flora (Table 6.3).  
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Table 6-2: Bacterial vaginosis candidate organisms in women with 
normal flora and BV 
Candidate 

Organism  

Normal 

Flora       

N= 233 

BV 

 N=106  

Crude ORs  

(95% CI)  

Adjusted ORs 

(95% CI)a 

Adjuste

d  

p value 

 

Megasphaera (%) 

 

 
9 (4) 
 

 
81 (76) 
 

 
83 (36-
167) 
 

 
15.4 (5.9-40.2) 

 
<0.001 

 

G. vaginalis (%)  

 

 
114 (53) 
 

 
103 (97) 
 

 
36 (11-
111) 
 

 
4.1 (1.0-17.2) 

 
0.05 

 

Sneathia  (%)  

 

 
17 (7) 
 

 
78 (74) 
 

 
36 (19-67)  

 
2.5 (0.5-13.1) 

 
0.3 

 

Leptotrichia (%)  

 

 
18 (8) 
 

 
77 (73) 
 

 
31 (59-17) 
 

 
1.9 (0.4-9.8) 

 
0.5 

 

BVAB1 (%)  

 

 
0 
 

 
7 (7) 
 

   

 

BVAB2  (%)  

 

 
12 (14) 
 

 
73 (69) 
 

 
40 (20-83) 
 

 
4.2 (1.4-12.0) 

 
0.008 

 

BVAB3 (%)  

 

 
2 (1) 
 

 
17 (16) 
 

 
22 (5-100)  

 
1.4 (0.1-13.8) 

 
0.8 

 

A. vaginaeb (%)  

 

 
143 (62) 
 

 
103 (99) 
 

 
63 (9-500) 

 
15.3 (1.7-
138.4) 

 
0.02 

 

L. crispatus (%)  

 

 
164 (78) 
 

 
47 (44) 
 

 
0.3 (0.2-
0.5) 
 

 
 

 

a adjusted for all organisms except L. crispatus and BVAB1, b data missing=3, NF= 
normal flora (Nugent score 0-3), BV = bacterial vaginosis (Nugent score 7-10), 
N=number.   
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Table 6-3: Bacterial loads of BV-COs in normal flora and BV in the total 
study population 

 

Candidate Organism  Normal Flora 

N= 233 

Bacterial 

Vaginosis N=106  

ANOVA  

p values 

Megasphaera spp. 

median bacterial log 

load (range) 

4.5 (3.0-7.8) 7.7 (3.0-8.9) p<0.001 

G. vaginalis 

median bacterial log 

load (range) 

5.4 (1.9-9.1) 8.6 (3.9-10.1) p<0.001 

Sneathia spp. 

median bacterial log 

load (range) 

4.2 (3.2-9.1) 8.4 (2.8-10.1) p<0.001 

Leptotrichia spp. 

median bacterial log 

load (range) 

4.4 (3.2-8.8) 8.2 (2.5-9.9) p<0.001 

BVAB1 

median bacterial log 

load (range) 

- 8.9 (4.6-9.7)  

BVAB2 

median bacterial log 

load (range) 

2.9 (2.0-7.4) 7.5 (3.1-9.0) p<0.001 

BVAB3 

median bacterial log 

load (range) 

3.3 (3.1-3.4) 6.0 (3.3-7.1) p<0.001 

A. vaginae 

median bacterial log 

load (range) 

3.6 (3.1-3.4) 8.4 (3.0-9.6) p<0.001 

L. crispatus median 

bacterial log load 

(range) 

8.9 (2.8-10.1) 3.5 (2.2-8.2) p<0.001 

Footnote: BV-COs that were not detected are missing data 
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Diagnostic sensitivity and specificity of BV associated organisms  

 

 Table 6.4 illustrates the diagnostic sensitivity and specificity of different BV-

COs and BV disease.  For comparison, the data from my study has been tabulated 

with the data from Fredrick's et al (Fredricks, Fiedler et al. 2007). Importantly, the 

Fredrick's study population was entirely composed of WSW (with 80% of these 

women also reporting sex with men), and therefore I have separated the WSW in 

my study population for direct comparison.  When BVAB2 and Megasphaera were 

combined, these two BV-COs demonstrated the highest sensitivity and specificity 

for diagnostic purposes. 
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Table 6-4: Diagnostic sensitivity and specificity of BV associated organisms 

Bacterium Sensitivity (%) (95% 
CI) MSHC/FUSS 
cohort 

Specificity (%) (95% 
CI) MSHC/FUSS 
cohort 

OR (95% CI) 
MSHC/FUSS cohort 

Sensitivity (%) (95% 
CI) Fredrick's 
cohort* 

Specificity (%) (95% 
CI) Fredrick's 
cohort* 

OR (95% CI) 
Fredrick's cohort* 

BVAB1 6.6 (2.9-13.6) 100 (100-100)  31.5 (22.0-42.9) 97.2 (93.0-98.9) 16.0 (5.3-48.5) 

BVAB2 68.9 (59.0-77.3) 94.8 (91.0-97.2) 40 (20-83) 80.8 (70.3-88.2) 96.5 (92.1-98.5) 116 (40.1-338)  

BVAB3 16.0 (10.0-24.7) 99.1 (96.7-100) 22.2 (5-100) 26.0 (17.3-37.1) 97.2 (93.0-98.9) 12.2 (4.0-37.6) 

G. vaginalis 97.2 (91.3-99.3) 51.1 (44.5-57.6) 35.7 (11.1-111.1) 97.3 (90.6-99.3) 45.5 (37.5-53.6) 29.6 (7.0-125) 

Atopobium spp 98.1 (92.6-99.7) 38.4 (32.1-50.1) 62.5 (8.8-500) 95.9 (88.6-98.6) 84.6 (77.8-89.6) 128 (37.1-444) 

Leptotrichia spp. 72.6 (63.0-80.6) 92.2 (87.9-95.2) 31.2 (58.8-16.7) 73.9 (69.2-82.7) 93.7 (88.5-96.7) 42.3 (18.0-99.4)  

Megasphaera sp. 76.4 (70.0-83.4) 96.1 (92.6-98.1) 83.3 (35.7-166.7) 95.9 (88.6-98.6) 94.4 (89.4-97.1) 394 (101-1,531)  

Megasphaera sp. (in 
WSW only) 

91.3 (70.4-98.4) 81.3 (53.7-95.0) 45.5 (6.7-309.8) 95.9 (88.6-98.6) 94.4 (89.4-97.1) 394 (101-1,531)  

L. crispatus 44.3 (34.8-54.9) 29.6 (23.9-36.0) 0.3 (0.2-0.5) 8.2 (3.8-16.8) 6.3 (3.4-11.5) 0.006 (0.002-0.018) 

L. crispatus (WSW 
only) 

39.1 (20.5-61.2) 25.0 (8.3-52.6) 0.2 (0.05-0.9) 8.2 (3.8-16.8) 6.3 (3.4-11.5) 0.006 (0.002-0.018) 

Either BVAB1, -2, or -3 69.8 (60.0-78.1) 94.4 (90.4-96.9) 39.1 (19.5-78.5) 82.9 (71.9-89.3) 96.5 (92.1-98.5) 127 (43.5-373) 

Either Megasphaera sp. 
or BVAB2 

84.9 (76.3-90.9) 91.8 (87.4-94.9) 63.4 (31.2-128.8) 95.9 (88.6-98.6) 93.7 (88.5-96.7) 347 (91.1-1,324) 

* Journal of Clinical Microbiology, October 2007, p. 3270-3276, Vol. 45, No. 10 Note: Fredrick's cohort were entirely WSW with 80% also WSM
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Relative contributions of key BV associated organisms in BV and normal 

flora 

 

 In figure 6.1 I have displayed the mean log bacterial loads for the eight BV-COs 

we investigated to visualise their individual contributions to the bacterial flora in 

women with BV and normal flora.  It is clearly apparent that L. crispatus  is the 

dominant bacteria in normal flora, with G. vaginalis and A. vaginae also being detected 

however, the other BV-COs we investigated were very uncommon in normal flora. In 

contrast, all BV-COs increased with respect to mean bacterial load in BV compared with 

normal flora except for L. crispatus which decreased.  
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Figure 6.1: Mean bacterial log loads of BV-COs in BV and normal flora 
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Relative contributions of key BV associated organisms in BV and normal 

flora of the FUSS study population compared to the high-risk clinic 

population 

 

 In Figures 6.2 and 6.3, I have analysed the bacterial loads of BV-COs by BV and 

normal flora, but separated the two study populations to explore any differences 

between the low risk FUSS group and the high risk clinic group.  As demonstrated, even 

when loads are stratified by vaginal flora category, the clinic population have higher 

loads of all BV-COs examined.  
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Figure 6.2: Bacterial log loads of women with BV stratified by study 
population 
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Figure 6.3: Bacterial log loads of women with normal flora stratified by 
study population 
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Associations between sexual exposure and BV-COs in women with normal 

flora and BV  

 

 The association between BV-COs and differing degrees of sexual exposure was 

examined separately in women with NF and BV using two measures: reported sexual 

exposure categories and numbers of lifetime sexual partners (LSP), table 6.5 and table 

6.6.  Sexual exposure was classified according to three categories: i)no sexual contact 

with another individual , ii)non-coital sex only and/or 100% condom use for all vaginal 

sex ever and iii)unprotected vaginal sex ever. Number of LSP was classified as 0, ≤10 

and >10. Importantly, Sneathia, BVAB1, BVAB2, BVAB3, Leptotrichia and Megasphaera 

were either absent or rare in women with no reported history of sexual exposure, and 

most of these organisms demonstrated an increase in prevalence with increasing LSP 

in NF and/or BV (Table 6.3). In contrast, although G.vaginalis was also significantly 

associated with increasing sexual exposure and increasing LSP, it was detected in 28% 

of sexually-inactive women.  A.vaginae was quite common in NF, and there was a 

reverse trend with increasing LSP.
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Table 6-5: Associations between bacterial vaginosis candidate organisms and level of sexual exposure in women with 
normal flora and BV  

Candidate 
Organism 

Megasphaera 

detected (%) 
Sneathia 

detected (%) 
Leptotrichia 

detected (%) 
G. vaginalis 
detected (%) 

BVAB1  
detected (%) 

BVAB2 
detected (%) 

BVAB3 
detected (%) 

A. vaginae 
detected (%) 

Women with normal flora N=233 

No sexual 

contact ever 

n=58 
Protected sex 

or non-coital 

n=40a 
Unprotected 

vaginal sex 

ever N=135 

1 (2) 
 
 

2 (5) 
 
 

6 (4) 

1 (2) 
 
 

2 (5) 
 
 

14 (10) 

1 (2) 
 
 

3 (8) 
 
 

14 (10) 

16 (28) 
 
 

18 (45) 
 
 

80 (59) 

0 
 
 

0 
 
 

0 

0 
 
 

0 
 
 

12 (9) 

0 
 
 

0 
 
 

2 (2) 

41 (71) 
 
 

25 (63) 
 
 

77 (58) 

p for trend 0.6 0.04 0.06 <0.001  0.009  0.2 

Women with BV N=106 

 
No sexual 

contact ever 

n=0 
Protected sex 

or non-coital 

n=7b 
Unprotected 

vaginal sex 

ever N=99 

- 
 
 
4 (57) 
 
 
77 (78) 

- 
 
 
1 (14) 
 
 
77 (78) 

- 
 
 
1 (14) 
 
 
76 (77) 

- 
 
 
7 (100) 
 
 
96 (97) 

- 
 
 
0 
 
 
7 (7) 

- 
 
 
1 (14) 
 
 
72 (73) 

- 
 
 
0 
 
 
17 (17) 

- 
 
 
1 (14) 
 
 
97 (100) 

P value 0.4 0.001 0.002 1.0 1.0 0.003 0.6 0.07 
Footnotes: a 24 women reported only ever engaging in non-coital sexual practices with another individual and 16 women reported 100% condom use for vaginal sex in their lifetime, b 4 
women reported 100% condom use always and 3 reported only ever engaging in non-coital sex
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Table 6-6:Associations between bacterial vaginosis candidate organisms and lifetime sexual partner number in 
women with normal flora and BV 

Candidate 
Organism 

Megasphaera 

detected (%) 
Sneathia 

detected (%) 
Leptotrichia 

detected (%) 
G. vaginalis 
detected (%) 

BVAB1  
detected (%) 

BVAB2 
detected (%) 

BVAB3 
detected (%) 

A. vaginae 
detected (%) 

Women with normal flora N=233 

Lifetime 

vaginal sex 

partners  
0 

1-10 
>10 

 
 
 
2/79 (3) 
1/82 (1) 
6/72 (8) 

 
 
 
3/79 (4) 
4/82 (5) 
10/72 (14) 

 
 
 
3/79 (4) 
3/82 (4) 
12/72 (17) 

 
 
 
24/79 (30) 
41/82 (50) 
49/72 (68) 

 
 
 
0/79 
0/82 
0/72 

 
 
 
0/79 (0) 
6/82 (7) 
6/72 (8) 

 
 
 
0/79 
0/82 
2/72 (3) 

 
 
 
53/79 (67) 
56/82 (68) 
34/72 (48) 
 

p for trend 0.1 0.03 0.006 <0.001  0.2  0.02 

Women with BV N=106 

 
Lifetime 

vaginal sex 

partners 
0 

1-10 
>10 

 
 
 
2/3 (66) 
21/33 (64) 
57/69 (83) 

 
 
 
1/3 (33) 
17/33 (52) 
60/69 (87) 

 
 
 
1/3 (33) 
16/33 (49) 
59/69 (86) 

 
 
 
3/3 (100) 
31/33 (94) 
69/69 (100) 

 
 
 
0/3 (0) 
1/33 (3) 
6/69 (9) 

 
 
 
0/3 (0) 
18/33 (55) 
54/69 (78) 

 
 
 
0/3 (0) 
4/33 (12) 
13/69 (19) 

 
 
 
2/3 (67) 
33/33 (100) 
67/67 (100) 
 

p for trend 0.07 <0.001 <0.001 0.3 0.3 0.004 0.3 0.7 
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Associations between BV sexual behavioural risk factors and BV-COs 

 

 To further investigate the epidemiology of BV-COs, the association of BV 

sexual risk factors with each BV-CO was examined. BV risk factors analysed 

included LSP number, unprotected penile-vaginal sex (UPVSI) in the last 12 

months, reporting a female partner (WSW) in the last year, age,  smoking and 

frequent penile-vaginal sex and frequent receptive oral sex (>once weekly). The 

association between these risk variables and each BV-CO was adjusted for BV 

status (Table 6.7).  

 Analysis demonstrated that Sneathia, Leptotrichia, Megasphaera, 

G.vaginalis, BVAB2 and BVAB3 were significantly associated with having > 10 LSP 

or UPVSI or both after adjustment for BV status. Frequent sexual activity (vaginal 

and/or oral) was related to increased detection of Sneathia, Leptotricha., 

G.vaginalis, and BVAB3, and Megasphaera and Leptotrichia were significantly 

associated with WSW. BVAB1 was uncommon and no associations could be 

examined with meaningful statistical power (Table 6.7). The association between 

BV-COs and other behavioural and demographic variables such as anal sex, 

douching, oral contraceptive pill, country of birth, circumcision status of partner 

and past history of BV were also examined but there were no significant 

associations.
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Table 6-7: Odds ratios for BV-COs behavioural risks factors adjusted for BV status a   (n=339) 

 

Footnotes: a Presence or absence of BV was included in the regression model. WSW=women who received oral sex from a woman in the last 12 months, oral sex = receptive oral sex, 
UPVSI=unprotected vaginal sex

BV risk 
variable 

Megasphaera  G. vaginalis Sneathia  Leptotrichia  BVAB1 BVAB2 BVAB3 A. vaginae 

Lifetime 
sexual 
partners >10 
 

3.2 (1.5-6.9) 
p=0.003 

3.4 (1.9-6.0) 
p<0.001 

5.0 (2.5-10.0) 
p<0.001 

5.9 (3.0-11.8) 
p<0.001 

3.3 (0.4-28.8) 
p=0.3 

3.1 (1.5-6.2) 
p=0.001 

2.7 (0.8-8.8) 
p=0.01 
 

0.5 (0.3-0.8) 
p=0.01 

Vaginal sex 
more than 
weekly 
 

0.7 (0.3-1.7) 
p=0.5 

2.1 (1.3-3.7) 
p=0.005 

2.5 (1.3-4.8) 
p=0.008 

1.8 (0.9-3.5) 
p=0.08 

2.7 (0.3-23.7) 
p=0.4 

1.7 (0.8-3.3) 
p=0.2 

5.5 (1.9-
25.1) p=0.03 
 

0.8 (0.4-1.3) 
p=0.3 

Oral sex more 
than weekly 

0.9 (0.4-2.0) 
p=0.9 

3.0 (1.6-5.5) 
p=0.001 

2.1 (1.1-4.1) 
p=0.03 

2.1 (1.1-4.1) 
p=0.02 

2.2 (0.4-11.7) 
p=0.4 

1.0 (0.5-2.1) 
p=0.9 

2.4 (0.8-6.8) 
p=0.1 
 

0.6 (0.3-1.1) 
p=0.07 

smoker 2.0 (0.9-4.4) 
p=0.09 

2.0 (1.0-3.9) 
p=0.05 

1.8 (0.9-3.6) 
p=0.1 

1.8 (0.9-3.6) 
p=0.1 

0.4 (0.1-2.3) 
p=0.3 

1.4 (0.7-2.9) 
p=0.4 

0.9 (0.3-2.6) 
p=0.9 
 

0.8 (0.4-1.6) 
p=0.5 

Age more 
than 20 years 

1.3 (0.6-3.0) 
p=0.5 

1.5 (0.9-2.6) 
p=0.1 

2.3 (1.1-4.6) 
p=0.02 

2.7 (1.3-5.3) 
p=0.006 

undefined 2.9 (1.4-6.1) 
p=0.005 

8.2 (1.0-
64.4) p=0.05 
 

0.6 (0.4-1.1) 
p=0.1 

WSW 5.8 (1.8-18.7) 
p=0.003 

2.7 (0.9-7.7) 
p=0.07 

1.9 (0.8-4.9) 
p=0.2 

3.1 (1.2-7.9) 
p=0.02 

1.5 (0.3-8.2) 
p=0.7 

1.1  (0.4-2.7) 
p=0.9 

1.5 (0.5-4.8) 
p=0.5 
 

1.1 (0.4-3.1) 
p=0.9 
 

UPVSI last 12 
months 

1.9 (0.6-5.7) 
p=0.2 

2.6 (1.6-4.5) 
p<0.001 

6.9 (2.2-21.8) 
p=0.001 

5.2 (1.8-14.7) 
p=0.002 

undefined 26.5 (3.4-206) 
p=0.002 

undefined 0.7 (0.4-1.2) 
p=0.2 
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Univariate associations between BV associated bacteria and sexual risk factors in 

women with BV and normal flora.  

 

 Tables 6.8-6.18  outline the crude risk ratios between the detection of individual BV-COs 

and different specific sexual risk behaviours.  BVAb1 and BVAB3 are not tabulated as there were 

no specific behavioural associations found. Multivariate analyses of these behaviours and their 

relationship to BV disease are explored later in this chapter.  
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Table 6-8: G. vaginalis detected and bacterial loads in women with normal flora by 
risk behaviour 

 G vaginalis 

detected (%) 

 

Crude Odds 

Ratio (95% CI) 

and p value 

Mean (median) 

bacterial load 

log* 

ANOVA p value 

comparing 

bacterial loads 

WSW previous 

12 months 

 
No 
Yes 

 
 
 
103/217 (48%) 
11/16 (69%) 

 
 
 
 
p=0.1 

 
 
 
3.6 (2.0) 
4.4 (5.0) 

 
 
 
NS 

Smoker 

 
No 
Yes  

 
 
90/195 (46%) 
24/38 (63%) 

 
 
p=0.1 

 
 
3.6 (2.0) 
4.4 (4.7) 

 
 
p=0.02 

Lifetime sexual 

partners 3 or 

more 

 
No 
Yes  

 
 
 
 
38/119 (32%) 
76/114 (67%) 

 
 
 
 
OR 4.3 (2.5-7.4) 
p<0.001 

 
 
 
 
3.1 (2.0) 
4.4 (4.5) 

 
 
 
 
p<0.001 

Unprotected VSI 

12 months 

 
No 
Yes  

 
 
 
53/130 (41%) 
61/103 (59%) 

 
 
 
OR 2.1 (1.2-3.6) 
p=0.006 

 
 
 
4.0 (3.7) 
3.5 (2.0) 

 
 
 
p=0.06 

Vaginal sex 

weekly or more 

 
No 
Yes  

 
 
 
64/152 (42%) 
50/81 (62%) 

 
 
 
OR 2.2 (1.3-3.8) 
p=0.006 

 
 
 
3.4 (2.0) 
4.2 (4.1) 

 
 
 
p=0.01 

Oral sex weekly 

or more 

 
No 
Yes  

 
 
 
74/177 (42%) 
38/54 (70%) 

 
 
 
OR 3.3 (1.7-6.4) 
p<0.001 

 
 
 
3.4 (2.0) 
4.6 (4.7) 

 
 
 
p<0.001 

Anal sex last 12 

months 

 
No 
Yes  

 
 
 
83/178 (47%) 
31/55 (56%) 

 
 
 
NS 

 
 
 
3.7 (2.0) 
3.9 (3.7) 

 
 
 
NS 

Aged 20 yrs or 

more 

 
No 
Yes  

 
 
 
60/135 (44%) 
54/98 (55%) 

 
 
 
NS 

 
 
 
3.4 (2.0) 
4.1 (3.9) 

 
 
 
p=0.01 

* undetectable bacterial loads given highest possible undetectable threshold = 99
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Table 6-9: BVAB2 detected and bacterial loads in women with normal flora by 

risk behaviour 

 BVAB2 detected 

(%) 

 

Crude Odds 

Ratio (95% CI) 

and p value 

Mean (median) 

bacterial load 

log 

ANOVA p value 

comparing 

bacterial loads 

WSW previous 

12 months 

 
No 
Yes 

 
 
 
11/217 (5%) 
1/16 (6%) 

 
 
 
NS 

 
 
 
2.1 (2.0) 
2.2 (2.0) 

 
 
 
NS 

Smoker 

 
No 
Yes  

 
 
9/195 (5%) 
3/38 (8%) 

 
 
NS 

 
 
2.1 (2.0) 
2.2 (2.0) 

 
 
NS 

Lifetime sexual 

partners 3 or 

more 

 
No 
Yes  

 
 
 
 
2/119 (2%) 
10/114 (9%) 

 
 
 
 
OR 5.6 (1.2-26.3) 
p=0.02 

 
 
 
 
2.0 (2.0) 
2.1 (2.0) 

 
 
 
 
p=0.05 

Unprotected VSI 

12 months 

 
No 
Yes  

 
 
 
2/130 (2%) 
10/103 (10%) 

 
 
 
OR 6.9 (1.5-32.1) 
p=0.006 

 
 
 
2.2 (2.0) 
2.0 (2.0) 

 
 
 
p=0.006 

Vaginal sex 

weekly or more 

 
No 
Yes  

 
 
 
6/152 (4%) 
6/81 (7%) 

 
 
 
NS 

 
 
 
2.0 (2.0) 
2.2 (2.0) 

 
 
 
p=0.05 

Oral sex weekly 

or more 

 
No 
Yes  

 
 
 
9/177 (5%) 
3/54 (6%) 

 
 
 
NS 

 
 
 
2.1 (2.0) 
2.1 (2.0) 

 
 
 
NS 

Anal sex last 12 

months 

 
No 
Yes  

 
 
 
9/178 (5%) 
3/55 (6%) 

 
 
 
NS 

 
 
 
2.1 (2.0) 
2.0 (2.0) 

 
 
 
NS 

Aged 20 yrs or 

more 

 
No 
Yes  

 
 
 
4/135 (3%) 
8/98 (8%) 

 
 
 
NS 

 
 
 
2.0 (2.0) 
2.1 (2.0) 

 
 
 
NS 

* undetectable bacterial loads given highest possible undetectable threshold = 99
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 Table 6-10: Megasphaera detected and bacterial loads in women with normal flora 
by risk behaviour 

 Megasphaera 

detected (%) 

 

Crude Odds 

Ratio (95% CI) 

and p value 

Mean (median) 

bacterial load log 
ANOVA p value 

comparing 

bacterial loads 

WSW previous 

12 months 

 
No 
Yes 

 
 
 
6/217 (3%) 
3/16 (19%) 

 
 
 
OR 8.1 (1.8-35.7) 
p=0.02 

 
 
 
2.1 (2.0) 
2.4 (2.0) 

 
 
 
p=0.05 

Smoker 

 
No 
Yes  

 
 
6/195 (3%) 
3/38 (8%) 

 
 
NS 

 
 
2.1 (2.0) 
2.2 (2.0) 

 

Lifetime sexual 

partners 3 or 

more 

 
No 
Yes  

 
 
 
 
2/119 (2%) 
7/114 (6%) 

 
 
 
 
p=0.1 

 
 
 
 
2.1 (2.0) 
2.2 (2.0) 

 

No unprotected 

VSI 12 months 

 
No 
Yes  

 
 
 
4/103 (4%) 
5/130 (4%) 

 
 
 
NS 

 
 
 
2.1 (2.0) 
2.1 (2.0) 

 

Vaginal sex 

weekly or more 

 
No 
Yes  

 
 
 
4/152 (3%) 
5/81 (6%) 

 
 
 
NS 

 
 
 
2.1 (2.0) 
2.2 (2.0) 

 

Oral sex weekly 

or more 

 
No 
Yes  

 
 
 
3/178 (2%) 
6/55 (9%) 

 
 
 
OR 7.1 (1.7-29.6) 
p=0.006 

 
 
 
2.1 (2.0) 
2.2 (2.0) 

 

Anal sex last 12 

months 

 
No 
Yes  

 
 
 
7/178 (4%) 
2/55 (4%) 

 
 
 
NS 

 
 
 
2.1 (2.0) 
2.1 (2.0) 

 

Aged 20 yrs or 

more 

 
No 
Yes  

 
 
 
3/135 (2%) 
6/98 (6%) 

 
 
 
NS 

 
 
 
2.1 (2.0) 
2.2 (2.0) 

 
 
 
 

* undetectable bacterial loads given highest possible undetectable threshold = 99 
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Table 6-11: Sneathia detected and bacterial loads in women with normal flora by 
risk behaviour 

 Sneathia 

detected (%) 

 

Crude Odds Ratio 

(95% CI) and p 

value 

Mean (median) 

bacterial load 

log* 

ANOVA p value 

comparing 

bacterial loads 

WSW previous 

12 months 

 
No 
Yes 

 
 
 
15/217 (7%) 
2/16 (13%) 

 
 
 
NS 

 
 
 
2.1 (2.0) 
2.5 (2.0) 

 
 
 
NS 

Smoker 

 
No 
Yes  

 
 
11/195 (6%) 
6/38 (16%) 

 
 
OR 3.1 (1.1-9.1) 
p=0.04 

 
 
2.1 (2.0) 
2.6 (2.0) 

 
 
p=0.001 

Lifetime sexual 

partners 3 or 

more 

 
No 
Yes  

 
 
 
 
3/119 (3%) 
14/114 (12%) 

 
 
 
 
OR 5.4 (1.6-24.0) 
p=0.005 

 
 
 
 
2.0 (2.0) 
2.4 (2.0) 

 
 
 
 
p=0.002 

Unprotected VSI 

12 months 

 
No 
Yes  

 
 
 
4/130 (3%) 
13/103 (13%) 

 
 
 
OR 4.6 (1.4-14.4) 
p=0.009 

 
 
 
2.4 (2.0) 
2.0 (2.0) 

 
 
 
p=0.003 

Vaginal sex 

weekly or more 

 
No 
Yes  

 
 
 
7/152 (5%) 
10/81 (12%) 

 
 
 
OR 2.9 (1.1-8.0) 
p=0.04 

 
 
 
2.1 (2.0) 
2.4 (2.0) 

 
 
 
p=0.01 

Oral sex weekly 

or more 

 
No 
Yes  

 
 
 
11/177 (6%) 
6/54 (11%) 

 
 
 
NS 

 
 
 
2.2 (2.0) 
2.3 (2.0) 

 
 
 
NS 

Anal sex last 12 

months 

 
No 
Yes  

 
 
 
12/178 (6%) 
5/55 (9%) 

 
 
 
NS 

 
 
 
2.2 (2.0) 
2.2 (2.0) 

 
 
 
NS 

Aged 20 yrs or 

more 

 
No 
Yes  

 
 
 
8/135 (6%) 
9/98 (9%) 

 
 
 
NS 

 
 
 
2.1 (2.0) 
2.3 (2.0) 

 
 
 
NS 

* undetectable bacterial loads given highest possible undetectable threshold = 99 
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Table 6-12: Leptotrichia detected and bacterial loads in women with normal flora 
by risk behaviour 

 Leptotrichia 

detected (%) 

 

Crude Odds 

Ratio (95% CI) 

and p value 

Mean (median) 

bacterial load 

log* 

ANOVA p value 

comparing 

bacterial loads 

WSW previous 

12 months 

 
No 
Yes 

 
 
 
14/217 (7%) 
4/16 (25%) 

 
 
 
OR 4.8 (1.4-16.9) 
p=0.03 

 
 
 
2.2 (2.0) 
2.5 (2.0) 

 
 
 
NS 

Smoker 

 
No 
Yes  

 
 
12/195 (6%) 
6/38 (16%) 

 
 
 
p=0.09 

 
 
2.1 (2.0) 
2.6 (2.0) 

 
 
p=0.003 

Lifetime sexual 

partners 3 or 

more 

 
No 
Yes  

 
 
 
 
3/119 (3%) 
15/114 (13%) 

 
 
 
 
OR 5.8 (1.6-20.8) 
p=0.003 

 
 
 
 
2.1 (2.0) 
2.4 (2.0) 

 
 
 
 
p=0.005 

Unprotected VSI 

12 months 

 
No 
Yes  

 
 
 
7/130 (5%) 
11/103 (11%) 

 
 
 
NS 

 
 
 
2.3 (2.0) 
2.1 (2.0) 

 
 
 
p=0.02 

Vaginal sex 

weekly or more 

 
No 
Yes  

 
 
 
10/152 (7%) 
8/81 (10%) 

 
 
 
NS 

 
 
 
2.1 (2.0) 
2.3 (2.0) 

 
 
 
NS 

Oral sex weekly 

or more 

 
No 
Yes  

 
 
 
12/177 (7%) 
6/54 (11%) 

 
 
 
NS 

 
 
 
2.2 (2.0) 
2.3 (2.0) 

 
 
 
NS 

Anal sex last 12 

months 

 
No 
Yes  

 
 
 
13/178 (7%) 
5/55 (9%) 

 
 
 
NS 

 
 
 
2.2 (2.0) 
2.2 (2.0) 

 
 
 
NS 

Aged 20 yrs or 

more 

 
No 
Yes  

 
 
 
8/135 (6%) 
10/98 (10%) 

 
 
 
NS 

 
 
 
2.1 (2.0) 
2.3 (2.2) 

 
 
 
NS 

* undetectable bacterial loads given highest possible undetectable threshold = 99 
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Table 6-13: L. crispatus detected and bacterial loads in women with normal flora 
by risk behaviour 

 L. crispatus 

detected (%) 

 

Crude Odds 

Ratio (95% CI) 

and p value 

Mean (median) 

bacterial load 

log* 

ANOVA p value 

comparing 

bacterial loads 

WSW previous 

12 months 

 
No 
Yes 

 
 
 
152/217 (70%) 
12/16 (75%) 

 
 
 
NS 

 
 
 
6.1 (7.5) 
7.2 (9.2) 

 
 
 
NS 

Smoker 

 
No 
Yes  

 
 
132/195 (68%) 
32/38 (84%) 

 
 
OR 2.5 (1.0-6.4) 
p=0.05 

 
 
6.1 (7.8) 
6.7 (8.1) 

 
 
NS 

Lifetime sexual 

partners 3 or 

more 

 
No 
Yes  

 
 
 
 
74/119 (62%) 
90/114 (79%) 

 
 
 
 
OR 2.3(1.3-4.1) 
p=0.006 

 
 
 
 
5.7 (7.0) 
6.7 (8.7) 

 
 
 
 
p=0.02 

Unprotected VSI 

12 months 

 
No 
Yes  

 
 
 
85/130 (65%) 
79/103 (77%) 

 
 
 
OR 1.7 (1.0-3.1) 
p=0.06 

 
 
 
6.6 (8.6) 
5.8 (7.0) 

 
 
 
p=0.06 

Vaginal sex 

weekly or more 

 
No 
Yes  

 
 
 
100/152 (66%) 
64/81 (79%) 

 
 
 
OR 2.0 (1.0-3.7) 
p=0.04 

 
 
 
5.9 (7.1) 
6.6 (8.6) 

 
 
 
NS 

Oral sex weekly 

or more 

 
No 
Yes  

 
 
 
115/177 (65%) 
47/54 (87%) 

 
 
 
OR 3.6 (1.5-8.5) 
p=0.002 

 
 
 
5.9 (7.0) 
7.2 (8.8) 

 
 
 
p=0.009 

Anal sex last 12 

months 

 
No 
Yes  

 
 
 
124/178 (70%) 
40/55 (9%) 

 
 
 
NS 

 
 
 
6.1 (7.5) 
6.4 (7.9) 

 
 
 
NS 

Aged 20 yrs of 

more 
No 
Yes  

 
 
89/135(66%) 
75/98 (77%) 

 
 
p=0.08 

 
 
6.1 (7.6) 
6.3 (8.0) 

 
 
NS 

* undetectable bacterial loads given highest possible undetectable threshold = 99 
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 Table 6-14: G. vaginalis detected and bacterial loads in women with BV by risk 
behaviour 

 G vaginalis 

detected (%) 

 

Crude Odds 

Ratio (95% CI) 

and p value 

Mean (median) 

bacterial load 

log* 

ANOVA p value 

comparing 

bacterial loads 

WSW previous 

12 months 

 
No 
Yes 

 
 
 
80/83 (96%) 
23/23 (100%) 

 
 
 
NS 

 
 
 
8.1 (8.6) 
8.4 (8.5) 

 
 
 
NS 

Smoker 

 
No 
Yes  

 
 
54/56 (96%) 
48/49 (98%) 

 
 
NS 

 
 
8.1 (8.5) 
8.3 (8.6) 

 
 
NS 

Lifetime sexual 

partners 10 or 

more 

 
No 
Yes  

 
 
 
 
34/36 (94%) 
69/69 (100%) 

 
 
 
 
NS 

 
 
 
 
8.0 (8.6) 
8.4 (8.6) 

 
 
 
 
p=0.07 

Unprotected VSI 

12 months 

 
No 
Yes  

 
 
 
49/51 (96%) 
54/55 (98%) 

 
 
 
NS 

 
 
 
8.2 (8.4) 
8.2 (8.6) 

 
 
 
NS 

Vaginal sex 

weekly or more 

 
No 
Yes  

 
 
 
31/32 (97%) 
72/74 (97%) 

 
 
 
NS 

 
 
 
8.1 (8.4) 
8.3 (8.6) 

 
 
 
NS 

Oral sex weekly 

or more 

 
No 
Yes  

 
 
 
47/48 (98%) 
56/57 (98%) 

 
 
 
NS 

 
 
 
8.2 (8.4) 
8.3 (8.6) 

 
 
 
NS 

Anal sex last 12 

months 

 
No 
Yes  

 
 
 
71/72 (99%) 
32/33 (97%) 

 
 
 
NS 

 
 
 
8.2 (8.5) 
8.3 (8.7) 

 
 
 
NS 

Aged 20 yrs or 

more* 

 
No 
Yes  

 
 
 
23/24 (96%) 
80/82 (98%) 

 
 
 
NS 

 
 
 
8.2 (8.5) 
8.2 (8.6) 

 
 
 
NS 

* undetectable bacterial loads given highest possible undetectable threshold = 99 
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Table 6-15: BVAB2 detected and bacterial loads in women with BV by risk 
behaviour 

 BVAB2 detected 

(%) 

 

Crude Odds 

Ratio (95% CI) 

and p value 

Mean (median) 

bacterial load 

log* 

ANOVA p value 

comparing 

bacterial loads 

WSW previous 

12 months 

 
No 
Yes 

 
 
 
57/83 (69%) 
16/23 (69%) 

 
 
 
NS 

 
 
 
5.6 (7.0) 
5.3 (5.8) 

 
 
 
NS 

Smoker 

 
No 
Yes  

 
 
37/56 (66%) 
35/49 (71%) 

 
 
NS 

 
 
5.4 (6.5) 
5.7 (7.3) 

 
 
NS 

Lifetime sexual 

partners 10 or 

more 

 
No 
Yes  

 
 
 
 
18/36 (50%) 
54/69 (78%) 

 
 
 
 
OR 3.6 (1.5-8.5) 
P=0.004 

 
 
 
 
4.6 (3.1) 
6.0 (7.1) 

 
 
 
 
p=0.008 

Unprotected VSI 

12 months 

 
No 
Yes  

 
 
 
35/51 (69%) 
38/55 (69%) 

 
 
 
NS 

 
 
 
5.6 (6.6) 
5.7 (7.0) 

 
 
 
NS 

Vaginal sex 

weekly or more 

 
No 
Yes  

 
 
 
20/32 (63%) 
53/74 (72%) 

 
 
 
NS 

 
 
 
5.2 (6.4) 
5.7 (7.0) 

 
 
 
NS 

Oral sex weekly 

or more 

 
No 
Yes  

 
 
 
33/48 (69%) 
39/57 (68%) 

 
 
 
NS 

 
 
 
5.6 (6.7) 
5.5 (7.0) 

 
 
 
NS 

Anal sex last 12 

months 

 
No 
Yes  

 
 
 
50/72 (69%) 
22/33 (67%) 

 
 
 
NS 

 
 
 
5.7 (7.1) 
5.3 (6.2) 

 
 
 
NS 

Aged 20 yrs or 

more 

 
No 
Yes  

 
 
 
12/24 (50%) 
61/82 (74%) 

 
 
 
OR 2.9 (1.1-7.5) 
p=0.04 

 
 
 
4.4 (3.1) 
5.9 (7.2) 

 
 
 
p=0.02 

* undetectable bacterial loads given highest possible undetectable threshold = 99 
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Table 6-16: Megasphaera detected and bacterial loads in women with BV by risk 
behaviour 

 Megasphaera 

detected (%) 

 

Crude Odds 

Ratio (95% CI) 

and p value 

Mean (median) 

bacterial load 

log* 

ANOVA p value 

comparing 

bacterial loads 

WSW previous 

12 months 

 
No 
Yes 

 
 
 
60/83 (72%) 
21/23 (91%) 

 
 
 
p=0.09 

 
 
 
6.0 (7.6) 
7.0 (7.6) 

 
 
 
p=0.1 

Smoker 

 
No 
Yes  

 
 
40/56 (71%) 
40/49 (82%) 

 
 
NS 

 
 
6.0 (7.4) 
6.4 (7.6) 

 
 
p=0.5 

Lifetime sexual 

partners 10 or 

more 

 
No 
Yes  

 
 
 
 
23/36 (64%) 
57/69 (83%) 

 
 
 
 
OR 2.7 (1.1-6.8) 
p=0.05 

 
 
 
 
5.4 (6.9) 
6.3 (7.6) 

 
 
 
 
p=0.2 

Unprotected VSI 

12 months 

 
No 
Yes  

 
 
 
40/55 (73%) 
41/51 (80%) 

 
 
 
NS 

 
 
 
6.4 (7.6) 
6.1 (7.4) 

 
 
 
p=0.5 

Vaginal sex 

weekly or more 

 
No 
Yes  

 
 
 
28/32 (88%) 
53/74 (72%) 

 
 
 
p=0.08 

 
 
 
6.9 (7.6) 
5.9 (7.5) 

 
 
 
p=0.06 

Oral sex weekly 

or more 

 
No 
Yes  

 
 
 
41/48 (85%) 
39/57 (68%) 

 
 
 
NS 

 
 
 
6.9 (7.6) 
5.6 (7.3) 

 
 
 
p=0.01 

Anal sex last 12 

months 

 
No 
Yes  

 
 
 
53/72 (74%) 
27/33 (82%) 

 
 
 
NS 

 
 
 
6.1 (7.6) 
6.5 (7.3) 

 
 
 
p=0.5 

Aged 20 yrs or 

more 

 
No 
Yes  

 
 
 
19/24 (79%) 
62/82 (68%) 

 
 
 
NS 

 
 
 
6.5 (7.6) 
6.1 (7.5) 

 
 
 
p=0.6 

* undetectable bacterial loads given highest possible undetectable threshold = 99
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Table 6-17: Sneathia detected and bacterial loads in women with BV by risk 
behaviour 

 Sneathia 

detected (%) 

 

Crude Odds Ratio 

(95% CI) and p 

value 

Mean (median) 

bacterial load log 
ANOVA p value 

comparing 

bacterial loads 

WSW previous 

12 months 

 
No 
Yes 

 
 
 
59/83 (71%) 
19/23 (83%) 

 
 
 
NS 

 
 
 
6.4 (8.0) 
6.9 (8.0) 

 
 
 
NS 

Smoker 

 
No 
Yes  

 
 
40/56 (71%) 
37/49 (76%) 

 
 
NS 

 
 
6.4 (8.0) 
6.5 (7.7) 

 
 
NS 

Lifetime sexual 

partners 10 or 

more 

 
No 
Yes  

 
 
 
 
18/36 (50%) 
60/69 (87%) 

 
 
 
 
OR 6.7 (2.6-17.2) 
p<0.001 

 
 
 
 
5.3 (4.8) 
7.2 (8.2) 

 
 
 
 
p=0.001 

Unprotected VSI 

12 months 

 
No 
Yes  

 
 
 
40/55 (73%) 
38/51 (75%) 

 
 
 
NS 

 
 
 
6.6 (8.2) 
6.4 (8.0) 

 
 
 
NS 

Vaginal sex 

weekly or more 

 
No 
Yes  

 
 
 
20/32 (63%) 
58/74 (78%) 

 
 
 
NS 

 
 
 
5.9 (7.7) 
6.8 (8.1) 

 
 
 
NS 

Oral sex weekly 

or more 

 
No 
Yes  

 
 
 
31/48 (65%) 
47/57 (83%) 

 
 
 
OR 2.6 (1.0-6.4) 
p=0.05 

 
 
 
6.1 (7.8) 
6.9 (8.2) 

 
 
 
NS 

Anal sex last 12 

months 

 
No 
Yes  

 
 
 
52/72 (72%) 
26/33 (79%) 

 
 
 
NS 

 
 
 
6.5 (8.1) 
6.6 (7.6) 

 
 
 
NS 

Aged 20 yrs or 

more 

 
No 
Yes  

 
 
 
13/24 (54%) 
65/82 (79%) 

 
 
 
OR 3.2 (1.2-8.5) 
p=0.02 

 
 
 
5.6 (7.6) 
6.8 (8.1) 

 
 
 
p=0.09 

* undetectable bacterial loads given highest possible undetectable threshold = 99 
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Table 6-18: Leptotrichia detected and bacterial loads in women with BV by risk 
behaviour 

 Leptotrichia 

detected (%) 

 

Crude Odds 

Ratio (95% CI) 

and p value 

Mean (median) 

bacterial load 

log 

ANOVA p value 

comparing 

bacterial loads 

WSW previous 

12 months 

 
No 
Yes 

 
 
 
58/83 (70%) 
19/23 (83%) 

 
 
 
NS 

 
 
 
6.3 (7.7) 
6.5 (7.8) 

 
 
 
NS 
 

Smoker 

 
No 
Yes  

 
 
39/56 (70%) 
37/49 (76%) 

 
 
NS 

 
 
6.2 (7.4) 
6.4 (7.8) 

 
 
NS 

Lifetime sexual 

partners 10 or 

more 

 
No 
Yes  

 
 
 
 
17/36 (47%) 
59/69 (86%) 

 
 
 
 
OR 6.6 (2.6-16.9) 
p<0.001 

 
 
 
 
5.0 (2.0) 
7.0 (7.8) 

 
 
 
 
p=0.001 

Unprotected VSI 

12 months 

 
No 
Yes  

 
 
 
36/51 (71%) 
41/55 (75%) 

 
 
 
NS 

 
 
 
6.3 (7.6) 
6.4 (7.8) 

 
 
 
NS 

Vaginal sex 

weekly or more 

 
No 
Yes  

 
 
 
20/32 (63%) 
57/74 (77%) 

 
 
 
NS 

 
 
 
6.0 (7.9) 
6.5 (7.6) 

 
 
 
NS 

Oral sex weekly 

or more 

 
No 
Yes  

 
 
 
30/48 (63%) 
46/57 (81%) 

 
 
 
OR 2.5(1.0-6.1) 
p=0.05 

 
 
 
5.9 (7.6) 
6.6 (7.8) 

 
 
 
NS 

Anal sex last 12 

months 

 
No 
Yes  

 
 
 
51/72 (71%) 
25/33 (76%) 

 
 
 
NS 

 
 
 
6.2 (7.6) 
6.4 (7.8) 

 
 
 
NS 

Aged 20 yrs or 

more 

 
No 
Yes  

 
 
 
12/24 (50%) 
65/82 (79%) 

 
 
 
OR 3.8 (1.5-10.0) 
p=0.008 

 
 
 
5.4 (4.7) 
6.6 (7.8) 

 
 
 
p=0.06 

* undetectable bacterial loads given highest possible undetectable threshold = 99 
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Behavioural associations with  Megasphaera, G.vaginalis, BVAB2 and A.vaginae by 

multivariate analysis 

 

 As Megasphaera, G.vaginalis, BVAB2 and A.vaginae were significantly associated with BV 

status after adjustment for the presence of other BV-COs, I further explored independent 

behavioural associations with these 4BV-COs by multivariate analysis. Variables entered into the 

model included the behavioural factors previously outlined as well as BV status (Table 6.19). 

Megasphaera remained independently associated with WSW (AOR=4.4;95%CI 1.2-16.4,p=0.03) 

and having more than 10 LSP(AOR=2.9;95%CI 1.0-8.3,p=0.04), and BVAB2 showed a strong 

independent association with unprotected penile-vaginal sex in the last 12 months (AOR 

22.5;95%CI 2.6-196.0,p=0.005); while no specific behaviours remained significantly associated 

with G.vaginalis or A.vaginae after multivariate analysis. 
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Table 6-19: Logistic regression analysis for BV and BV risk factors and Megasphaera, G. vaginalis , BVAB2 and A. 
vaginae  (n=339) 

BV risk variable Megasphaera adjusted 

odds ratio and p value 

 

G. vaginalis adjusted 

odds ratio and p value 

BVAB2 adjusted odds 

ratio and p value 

A. vaginae adjusted odds 

ratio and p value 

Lifetime sexual partners 
>10 
 

2.9 (1.0-8.3) p=0.04 2.3 (0.9-5.8) p=0.07 1.8 (0.7-4.9) p=0.2 0.4 (0.2-1.1) p=0.07 

Vaginal sex more than 
weekly 
 

0.7 (0.2-2.2) p=0.5 0.8 (0.3-1.7) p=0.5 1.3 (0.5-3.6) p=0.6 1.2 (0.5-2.5) p=0.7 

Oral sex more than 
weekly 

0.6 (0.2-1.8) p=0.4 2.1 (0.8-5.6) p=0.1 0.3 (0.1-0.9) p=0.03 0.7 (0.3-2.0) p=0.5 

Smoker 
 

1.6 (0.7-3.8) p=0.3 1.1 (0.5-2.4) p=0.9 1.0 (0.4-2.6) p=1.0 1.2 (0.5-2.6) p=0.7 

Age more than 20 years 
 

0.6 (0.2-1.9) p=0.4 0.6 (0.3-1.3) p=0.2 2.1 (0.7-6.1) p=0.1 1.0 (0.5-2.5) p=1.0 

WSW 4.4 (1.2-16.4) p=0.03 1.2 (0.4-4.1) p=0.7 0.8 (0.3-2.2) p=0.6 2.0 (0.6-6.3) p=0.2 

UPVSI last 12 months 1.8 (0.5-7.0) p=0.4 1.9 (0.9-3.9) p=0.09 22.5 (2.6-196.0) p=0.005 1.0 (0.5-2.2) p=1.0 

BV status 81.4 (31.7-209.4) p<0.001 37.4 (8.7-160.6) p<0.001 30.8 (13.6-69.8) p<0.001 80.9 (10.8-605.2) p<0.001 

Footnotes: Behavioural variables included into logistic regression analysis are those listed in addition to BV status. WSW=women who 
received oral sex from a woman in the last 12 months, oral sex = receptive oral sex, UPVSI=unprotected vaginal sex
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Associations between numbers of oral sex partners and selected candidate 

organisms. 

 

 As oral sex frequency was associated with increased prevalence of G. vaginalis, L. 

crispatus and Megasphaera spp. in women with normal flora, I sought to examine the association 

between  increasing numbers of oral sex partners with these higher prevalences (Table 6.20). 

For this calculation only the FUSS participant data were available as the clinic participants did 

not provide numbers of oral sex partners. Increased prevalence of G. vaginalis in women with 

normal flora was associated with >1 oral sex partner in the last 12 months [crude OR 3.4 (95% 

CI 1.4-8.2),p=0.005] however this association did not remain after adjusting for LSPs; adjusted 

OR 1.8 (95%CI 0.7-4.8), p=0.2. In contrast, increased prevalence of Megasphaera spp. was 

associated with increased numbers of oral sex partners (>1 oral sex partner in the last 12 

months) and this was association increased after adjusting for LSPs in women with normal flora; 

AOR 25.2 (95% CI1.6-401.5), p=0.02. In women with BV, 100% of women with Megasphaera and 

G. vaginalis reported >1 oral sex partner in the last 12 months and therefore an adjusted OR was 

not possible. There was no discernable relationship between L. crispatus and numbers of oral sex 

partners.  
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Table 6-20: Associations between numbers of oral sex partners and selected candidate organisms. 

Bacteria Vaginal Flora Oral sex partner 
number 

Bacteria detected 
 (%) 

Adjusted OR* and p value  

 
 
Normal Flora 

>1 oral sex partner 
last 12 months 

No 
Yes  

 
 
1/141 (1) 
2/27 (7) 

 
 
 
AOR 25.2 (1.6-401.5), p=0.02 

 

Megasphaera 

 
 
BV 

>1 oral sex partner 
last 12 months 

No 
Yes  

 
 
9/15 (60) 
9/9 (100) 

 
 
undefined 

 
 
Normal Flora 

>1 oral sex partner 
last 12 months 

No 
Yes  

 
 
52/141 (37) 
18/27 (67) 

 
 
 
AOR 1.8 (0.7-4.8), p=0.2 

 

G. vaginalis 

 
 
BV 

>1 oral sex partner 
last 12 months 

No 
Yes  

 
 
13/15 (87) 
9/9 (100) 

 
 
undefined 

 
 
Normal Flora 

>1 oral sex partner 
last 12 months 

No 
Yes 

 
 
93/141 (66) 
17/27 (63) 

 
 
 
AOR  0.6 (0.2-1.5), p=0.3 

 

L. crispatus 

 
 
BV 

>1 oral sex partner 
last 12 months 

No 
Yes  

 
 
3/15 (20) 
2/9 (22) 

 
 
 
AOR  0.5 (0.04-7.7), p=0.7 

* adjusted for lifetime vaginal sex partners, Note: only FUSS data available
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Associations between BV associated bacteria and vaginal 

symptomatology 

 

 Tables 6.21-22 describe the relationship between each CO and BV 

symptomatology: vaginal odour and abnormal discharge. In women with BV, 

vaginal odour was associated with the detection of Sneathia spp., Leptotrichia spp. 

and BVAB2 and was also associated with higher bacteria loads of A. vaginae, and 

Megasphaera spp.. Abnormal vaginal discharge in women with BV was associated 

with higher bacterial loads of A vaginae and BVAB3. Interestingly L. crispatus, 

although inversely associated with BV, was also strongly associated with abnormal 

discharge in women with BV, OR 4.9 (95%CI 1.6-14.6), p=0.004. 

 In women with normal flora, Sneathia spp. and Leptotrichia spp. detection 

and load were strongly associated with reported vaginal odour and abnormal 

discharge. G. vaginalis was also strongly related to abnormal discharge in women 

with normal flora.
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Table 6-21: BV associated bacteria association with abnormal odour self report 

Normal Flora Bacterial Vaginosis Candidate Organism  

Self report odour 

yes N=58  

Self report odour 

no N=166 

ORs (95% CI), p 

values 

 Self report odour 

yes (%) N=65 

Self report odour 

no (%) N=25 

ORs (95% CI), p 

values 

A. vaginae detected 

number (%) 

 
33/57 (58%) 

 
106/166 (64%) 

 
NS 

 
64/64 (100%) 

 
23/25 (96%) 

 
NS 

Mean (median) A. vaginae 

Bacterial load log  

 
3.4 (3.1) 

 
3.2 (3.2) 

 
NS 

 
8.3 (8.6) 

 
6.8 (7.5) 

 
p<0.001 

Sneathia spp. detected 

number (%) 

 
8/58 (14%) 

 
8/166 (5%) 

 
OR 3.2 (1.1-8.6) 
p=0.04 

 
51/65 (79%) 

 
1/25 (52%) 

 
OR 3.2 (1.3-9.0) 
p=0.02 

Mean (median)  Sneathia 

spp. 

Bacterial load log  

 
2.4 (2.0) 

 
2.1 (2.0) 

 
p=0.006 

 
6.9 (8.3) 

 
5.0 (5.7) 

 
p=0.008 

Leptotrichia spp. detected 

number (%) 

 
9/58 (16%) 

 
7/166 (4%) 

 
OR 4.2 (1.5-11.8) 
p=0.007 

 
50/65 (77%) 

 
13/25 (52%) 

 
OR 3.1 (1.2-8.1) 
p=0.04 

Mean (median) 

Leptotrichia spp. 

Bacterial load log  

 
2.4 (2.0) 

 
2.1 (2.0) 

 
p=0.005 

 
6.6 (7.8) 

 
5.2 (5.5) 

 
p=0.04 

L. crispatus. detected 

number (%) 

 
44/58 (76%) 

 
112/166 (68%) 

 
NS 

 
31/65 (48%) 

 
9/25 (36%) 

 
NS 

Mean (median)  L. 

crispatus 

Bacterial load log  

 
6.3 (8.1) 

 
6.1 (7.5) 

 
NS 

 
3.0 (2.0) 

 
2.6 (2.0) 

 
NS 

G. vaginalis detected 

number (%) 

 
34/58 (59%) 

 
76/166 (46%) 

 
p=0.1 

 
63/65 (97%) 

 
24/25 (96%) 

 
NS 

Mean (median)  G. 

vaginalis 

Bacterial load log  

 
4.3 (4.3) 

 
3.5 (2.0) 
 

 
p=0.01 

 
8.2 (8.6) 

 
8.1 (8.4) 

 
NS 
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Clostridium-like bacteria 

BVAB1 detected number 

(%) 

 
0/58  

 
0/166  

 
NS 

 
4/65 (6%) 

 
1/25 (2%) 

 
NS 

Mean (median)  

Clostridium-like bacteria 

BVAB1 

Bacterial load log  

 
2.0 (2.0) 

 
2.0 (2.0) 

 
NS 

 
2.4 (2.0) 

 
2.3 (2.0) 

 
NS 

Clostridium-like bacteria 

BVAB2 detected number 

(%) 

 
4/58 (7%) 

 
8/166 (5%) 

 
NS 

 
49/65 (75%) 

 
12/25 (48%) 

 
OR 3.3 (1.3-8.7) 
p=0.02 

Mean (median)  

Clostridium-like bacteria 

BVAB2 

Bacterial load log  

 
2.1 (2.0) 

 
2.1 (2.0) 

 
NS 

 
6.0 (7.2) 

 
4.3 (2.0) 

 
p=0.005 

Clostridium-like bacteria 

BVAB3 detected number 

(%) 

 
1/58 (2%) 

 
1/166 (1%) 

 
NS 

 
12/65 (19%) 

 
2/25 (8%) 

 
NS 

Mean (median) 

Clostridium-like bacteria 

BVAB3 

Bacterial load log  

 
2.0 (2.0) 

 
2.0 (2.0) 

 
NS 

 
2.7 (2.0) 

 
2.3 (2.0) 

 
NS 

Megasphaera spp.detected 

number (%) 

 
2/58 (3%) 

 
6/166 (4%) 

 
NS 

 
55/65 (85%) 

 
17/25 (68%) 

 
p=0.08 

Mean (median) 

Megasphaera spp. 

Bacterial load log  

 
2.1 (2.0) 

 
2.1 (2.0) 

 
NS 

 
6.8 (7.4) 

 
5.5 (7.1) 

 
p=0.03 

Note: Missing data of bacterial loads given lowest threshold of negative result = 99



270 
 

 

Table 6-22: BV associated bacteria association with abnormal vaginal discharge self report 

Normal Flora Bacterial Vaginosis Candidate Organism  

Self report 

abnormal 

discharge  yes 

N=72  

Self report 

abnormal 

discharge  no 

N=153 

ORs (95% CI), p 

values 

 Self report 

abnormal 

discharge  yes 

(%) N=65 

Self report 

abnormal 

discharge  no 

(%) N=26 

ORs (95% CI), p 

values 

A. vaginae detected number (%) 

 
36/71 (51%) 

 
104/153 (68%) 

 
OR 0.5 (0.3-0.9) 
p=0.02 

 
64/64 (100%) 

 
25/26 (96%) 

 
NS 

Mean (median) A. vaginae 

Bacterial load log  

 
3.3 (2.2) 

 
3.2 (3.3) 

 
NS 

 
8.2 (8.5) 

 
7.3 (7.8) 

 
p=0.02 

Sneathia spp. detected number 

(%) 

 
10/72 (14%)  

 
6/153 (4%) 

 
OR 4.0 (1.4-11.3) 
p=0.01 

 
48/65 (74%) 

 
16/26 (62%) 

 
NS 

Mean (median) Sneathia spp. 

Bacterial load log  

 
2.5 (2.0) 

 
2.1 (2.0) 

 
p=0.001 

 
6.5 (8.1) 

 
5.8 (7.2) 

 
NS 

Leptotrichia spp. detected 

number (%) 

 
11/72 (15%)  

 
5/153 (3%) 

 
OR 5.3 (1.8-16.0) 
p=0.004 

 
47/65 (72%) 

 
16/26 (62%) 

 
NS 

Mean (median) Leptotrichia spp. 

Bacterial load log  

 
2.4 (2.0) 

 
2.1 (2.0) 

 
p=0.002 

 
6.3 (7.8) 

 
5.9 (7.4) 

 
NS 

L. crispatus. detected number 

(%) 

 
54/72 (75%)  

 
103/153 (67%) 

 
NS 

 
35/65 (54%) 

 
5/26 (19%) 

 
OR 4.9 (1.6-14.6) 
p=0.004 

Mean (median)  L. crispatus 

Bacterial load log  

 
6.2 (7.8) 

 
6.1 (7.6) 

 
NS 

 
3.1 (2.2) 

 
2.3 (2.0) 

 
p=0.02 
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G. vaginalis detected number 

(%) 

 
51/72 (71%) 

 
60/153 (40%) 

 
OR 3.8 (2.1-6.9) 
p=0.001 

 
64/65 (100%) 

 
24/26 (96%) 

 
NS 

Mean (median)  G. vaginalis 
Bacterial load log  

 
4.8 (4.9) 

 
3.2 (2.0) 

 
P<0.001 

 
8.3 (8.6) 

 
7.8 (8.4) 

 
NS 

Clostridium-like bacteria 

BVAB1 detected number (%) 
 
0/72 

 
0/153 

 
NS 

 
5/65 (8%) 

 
0/26 (0%) 

 
NS 

Mean (median)  Clostridium-

like bacteria BVAB1 
Bacterial load log  

 
2.0 (2.0) 

 
2.0 (2.0) 

 
NS 

 
2.5 (2.0) 

 
2.0 (2.0) 

 
NS 

Clostridium-like bacteria 

BVAB2 detected number (%) 
 
6/72 (8%) 

 
6/153 (4%) 

 
NS 

 
46/65 (71%) 

 
15/26 (58%) 

 
NS 

Mean (median)  Clostridium-

like bacteria BVAB2 
Bacterial load log  

 
2.1 (2.0) 

 
2.1 (2.0) 

 
NS 

 
5.8 (7.2) 

 
4.8 (5.9) 

 
NS 

Clostridium-like bacteria 

BVAB3 detected number (%) 
 
2/72 (3%) 

 
0/153 (0%) 

 
NS 

 
14/65 (22%) 

 
0/26 (0%) 

 
p=0.008 

Mean (median) Clostridium-

like bacteria BVAB3 
Bacterial load log  

 
2.0 (2.0) 

 
2.0 (2.0) 

 
p=0.04 

 
2.8 (2.0) 

 
2.0 (2.0) 

 
p=0.01 

Megasphaera spp.detected 

number (%) 
 
6/72 (8%) 

 
2/153 (1%) 

OR 6.7 (1.4-34.9) 
p=0.01 

 
51/65 (79%) 

 
21/26 (81%) 

 
NS 

Mean (median) Megasphaera 

spp. 
Bacterial load log  

 
2.1 (2.0) 

 
2.1 (2.0) 

 
NS 

 
6.4 (7.6) 

 
6.3 (7.4) 

 
NS 

Note: Missing data of bacterial loads given lowest threshold of negative result = 99 
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DISCUSSION 

 

 This chapter explores the association between eight key BV-COs with BV 

and examines their sexual risk factors; Table 6.23 summarises my major findings, 

and figure 6.4 outlines my schematic representation of my exploration of key BV 

candidate organisms and their role in BV disease. Seven of the eight BV-COs 

demonstrate a strong unadjusted association with BV, and confirm other studies’ 

findings (Verhelst, Verstraelen et al. 2004; Zhou, Bent et al. 2004; Fredricks, 

Fiedler et al. 2005; Hyman, Fukushima et al. 2005; Fredricks, Fiedler et al. 2007; 

Zhou, Brown et al. 2007; Oakley, Fiedler et al. 2008). Four of the eight BV-COs 

(Megasphaera, BVAB2, A.vaginae and G.vaginalis ) were significantly associated 

with BV after logistic regression analysis; BVAB3, Sneathia and Leptotrichia were 

not, and BVAB1 was too uncommon to meaningfully comment on.  Six of the eight 

BV-COs demonstrated significant associations with increasing sexual exposure 

(Megasphaera, BVAB2, BVAB3, Sneathia, Leptotrichia and G.vaginalis), and only 

two BV-COs, A.vaginae and G.vaginalis, were commonly detected in women with no 

sexual experience. My findings suggest that there may be a gradient of importance 

among the eight BV-COs based on their strength of association with BV and their 

epidemiological association with increasing sexual exposure. 
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Table 6-23: Summary of major findings relating BV candidate 
organisms to BV status and sexual risk behaviours 

Characteristic Bacteria with 

characteristic 
Bacteria without 

characteristic 
comment 

BV-CO absent/rare 

in women with no 

sexual experience 

Sneathia  
BVAB1 
BVAB2 
BVAB3 
Leptotrichia 

Megasphaera 

A. vaginae 
G. vaginalis  

 

BVAB1, 2 &3 absent in 

women without a 

history of UPVSI.   

Leptotrichia spp. 

Megasphaera and  

Sneathia spp. rarely 

detected in women 

without a history of 

sexual contact (1/58) 
BV-CO that 

demonstrate 

increasing odds of 

detection with 

increasing levels of 

sexual 

activity/numbers of 

LSP 

Sneathia  
BVAB1 
BVAB2 
BVAB3 
Leptotrichia 

Megasphaera 
G. vaginalis  

 

A. vaginae 
BVAB1 
 

BVAB1 uncommon and 

no associations could be 

determined with 

meaningful statistical 

power 

BV-COs with an 

independent 

association with BV 

disease after logistic 

regression analysis 

BVAB2 
Megasphaera 
A. vaginae 
G. vaginalis  

 

Sneathia  
BVAB1 
BVAB3 
Leptotrichia 
 

BVAB1 uncommon and 

no association could be 

determined with 

meaningful statistical 

power 

BV-COs that are:  

-absent/rare in 

sexually-inactive 

women 

-demonstrate sexual 

risk behavioural 

characteristics  

-independently 

associated with BV 

disease  

BVAB2 
Megasphaera 

 

Sneathia  
BVAB1 
BVAB3 
Leptotrichia  
A. vaginae 
G. vaginalis  

 
 

If BV is an STI, one 

would expect any 

causative organisms to 

fulfil these 3 criteria 

Footnotes: BV-CO=bacterial vaginosis candidate organism, UPVSI=unprotected 
vaginal sex, LSP=lifetime numbers of vaginal sex partners, STI=sexually transmitted 
infection 
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Figure 6.4: Schematic representation of our examination of key BV 

candidate organisms and their role in BV disease 

A.vaginae excluded 

Step 1 - Exclusion of any BV-CO did not increase across graded sexual exposure and/or with 
greater numbers of lifetime sexual partners in either women with NF or BV† 
 

BVAB1 and BVAB3 
excluded as detection in 
BV relatively uncommon 
(7% and 16% 
respectively) and no 
independent association 
with BV (p=1.0 and 0.6 
respectively)  

Step 3 - Any factor significantly related to individual BV-CO on univariate analysis, plus any well known 
recognised BV risk factor, was then entered into a logistic regression model to determine behaviours 
associated with risk for each specific BV-CO. BV disease status was also entered into the model. 

Behavioural factors independently associated with Megasphaera spp detection were††: 

• WSW AOR 4.4 (1.2-16.4), p=0.03 

• More than 10 lifetime sexual partners AOR 2.9 (1.0-8.3), p=0.04 

Behavioural factor independently associated with BVAB2  detection ††: 

• Unprotected vaginal sex in the last 12 months AOR 22.5 (2.6-196.0) p=0.005 

3 key BV-COs 

remaining: G. vaginalis, 

Megasphaera spp. 

BVAB2 

†Based on the premise that BV is a sexually transmitted infection and therefore any causative  (or strongly 
epidemiologically associated) organism must be an STI. †† variables into logistic regression models were BV 
status, smoking, lifetime sex partners >10, vaginal sex frequency >weekly, oral sex frequency > weekly, age, 
unprotected vaginal sex in the last 12 months, WSW (female sexual partner in the last 12 months) 

 

No behavioural factors were independently associated with G. vaginalis detection after adjustment 

for BV status and recognised BV risk factors †† 

 

Leptotrichia spp. and Sneathia spp. 
excluded as no independent association 
with BV (p values 0.5 and 0.3 
respectively). In addition to this, 
prevalence of the organisms increased 
with numbers of sexual partners equally 
in both BV and NF suggesting these two 
organisms, whilst being sexually 
transmitted, are not implicated in 
disease process. 

Step 2 - Exclusion of any remaining  key BV-COs that do not demonstrate an independent association 
with BV disease after adjustment for the presence of other BV-COs 

7 key BV-COs remaining: G. vaginalis,  Leptotrichia, Megasphaera, 

Sneathia, BVAB1, BVAB2, and BVAB3 

8 key BV-COs included in the analysis: A.vaginae, G. vaginalis,  Leptotrichia , Megasphaera, 

Sneathia, BVAB1, BVAB2, and BVAB3  
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 For agents to be causative of BV one would anticipate that they would be 

absent in NF and universally present in BV; no single BV-CO in my study that 

satisfied both these criteria. I have shown, however, that Megasphaera and BVAB2 

were strongly associated with BV and were also rare/absent in sexually-inactive 

women. This suggestion that Megasphaera and BVAB2 are key BV-COs is 

supported by Fredricks et al. who showed that the combination of BVAB2 and/or 

Megasphaera conferred the best BV diagnostic predictability for BV (sensitivity 

98.8%, specificity 88.5%) (Fredricks, Fiedler et al. 2007). The other BV-COs which 

were significantly associated with BV were G.vaginalis and A.vaginae, bacteria 

known to be integrally related to BV disease, however these BV-COs were also 

detected at lower loads in women with NF (Figure 6.1). G.vaginalis has long been 

implicated in the development of BV and recent published findings have suggested 

that G.vaginalis biofilms may be critical in BV pathogenesis and symptomatology 

(Swidsinski, Mendling et al. 2005; Josey and Schwebke 2008).  My results 

demonstrating that G.vaginalis  was ubiquitous in women with BV and further 

analysis indicating a 6-7 log10 greater bacterial load in BV than NF (Figure 6.1) are 

consistent with historical findings (Menard, Fenollar et al. 2008; Srinivasan and 

Fredricks 2008). My data also show that G vaginalis was relatively common in truly 

virginal women (prevalence 28%), however the prevalence of G.vaginalis 

increased dramatically with numbers of sexual partners, indicating that sexual 

activity/transmission contributes to increasing detection of G.vaginalis. It is 

possible that G.vaginalis strains with different pathogenic properties occur in 
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sexually-inexperienced compared to experienced women and between BV and NF, 

however this is currently beyond the scope of this study. 

 

A. vaginae and BV 

 

 A.vaginae was independently associated with BV but was also very common 

in women with NF (62%). However, in >80% of NF samples with A.vaginae, it was 

detected at very low loads at <4 log10.(Figure 6.1). This relatively high prevalence 

in NF was similar to that of Menard et al (Menard, Fenollar et al. 2008) at 69%, but 

significantly higher than a previous publication that detected A.vaginae in 12% of 

NF (Bradshaw, Tabrizi et al. 2006). In the current study, the assay used primers 

described by Fredricks (Fredricks, Fiedler et al. 2009) which target a 81-bp region 

of 16S, whilst the assay in the earlier publication targeted a 430-bp region of 16S 

(Ferris, Masztal et al. 2004). Generally, the longer amplicon displays relatively 

reduced sensitivity, and the difference in sensitivities between these two assays is 

discussed by Menard (Menard, Fenollar et al. 2008).  A.vaginae, like G.vaginalis, 

was detected in sexually-inactive women, but unlike G.vaginalis, A.vaginae showed 

no association with increasing sexual exposure.   
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Sneathia and Leptotrichia and BV 

 

 Importantly, my data seem to indicate that Sneathia and Leptotrichia are 

less likely to have a causal association with BV. Firstly, they do not remain 

associated with BV once adjusting for the presence of other BV-COs and secondly 

their strong relationship with increasing sexual risk was seen similarly in women 

with NF and BV. This is important because if a BV-CO is sexually transmitted but 

not associated with disease causation, then one would expect to see increasing 

prevalence with increasing sexual risk equally in both BV and NF. This was the 

case for Sneathia and Leptotrichia but not for any of the other BV-COs. Collectively 

these findings suggest  that Sneathia and Leptotrichia may just be 

epidemiologically associated with BV, or sexually transmitted "passengers" rather 

than being involved in the development of BV; a similar scenario to that of some 

Ureaplasma and Mycoplasma spp. (Martin 2008) in NGU.    
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Megasphaera and BV 

 

 My data show that Megasphaera appears to have distinctive behavioural 

risk factors.  Although I only had 12% of participants with a female partner in the 

last 12 months, these women demonstrated a strong association with Megasphaera 

detection. It is important to note that WSW have greater BV population prevalence 

than other women(Skinner, Stokes et al. 1996; Fethers, Marks et al. 2000; 

Marrazzo, Koutsky et al. 2002; Smart, Singal et al. 2004; Bradshaw, Morton et al. 

2006; Koumans, Sternberg et al. 2007; Fethers, Fairley et al. 2008)and the high 

prevalence of BV in WSW has to date remained unexplained (Marrazzo 2007). I 

note with interest that Fredricks et al (Fredricks, Fiedler et al. 2007) found 

Megasphaera detection was highly sensitive for BV(95.9; 95%CI 88.6-98.6), and 

that this has been reported in a study population that comprised entirely of WSW. 

In my study Megasphaera was 91.3% (95%CI 70.4-98.4) sensitive for BV in WSW, 

but only 72.2% (95%CI 61.2-81.2) sensitive in other women. It is possible that 

Megasphaera may be an important BV-CO in the development of BV in WSW and 

that WSW with BV differ in their microbiological BV profile to other women. 

Clearly larger prospective studies are needed to better understand this 

relationship, but an association between Megasphaera and WSW to my knowledge 

has not been previously described. 
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Study limitations 

 

 This study has several limitations. My use of molecular methods to 

characterise the vaginal bacterial communities was limited as non-targeted species 

are not accounted for. I tested a representative panel of eight BV-COs, 

acknowledging there is an increasing number of BV-COs being cited in the 

literature, particular from next-generation sequencing projects (Hummelen, 

Fernandes et al.; Ravel, Gajer et al.; Schellenberg, Links et al. 2009). My data was 

cross-sectional, therefore I have no capacity to comment on temporal relationships 

between the detection of BV-COs and sexual behaviour and I can only make 

inferences regarding BV causality and pathogenesis. Another limitation of cross-

sectional data is that fluctuations in vaginal flora are known to occur rapidly and to 

be influenced by various factors including hormonal variation and day-to-day 

behaviours (Schwebke, Richey et al. 1999). As with all BV research, the lack of a 

gold standard test hampers my ability to explore specific disease associations. I 

excluded any women with intermediate vaginal flora (NS4-6) in an attempt to 

minimise the possible misclassification of flora caused by a cross-sectional 

'snapshot' design in an actively changing environment.  A further limitation of my 

study is that I used a study population of convenience by combining samples from 

2 previous studies. Although I describe known differences in the two study 

populations, not all differences between the groups may not be accounted for.  One 

group was a clinic based population and were all symptomatic; the other a lower 

risk population, some of whom had symptoms. However, I could not adjust for 
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study population in the multivariate analysis as the LSP variable was included in 

model and this was highly correlated with the study population.  

 

Study strengths 

 

 The strengths of my study design include the systematic objective 

assessment using Nugent's method of all vaginal smears by an experienced 

microbiologist and 10% being re-scored by an alternative microscopist. Not all 

studies examining the role of BV-COs in BV have applied methods such as the 

Nugent method to classify flora objectively and some have used more subjective 

clinical descriptions and/or patient history (Zhou, Bent et al. 2004; Hyman, 

Fukushima et al. 2005; Zhou, Brown et al. 2007). Another important strength of my 

research is that highly detailed behavioural data was collected and the FUSS study 

was quite unique including women with a broad-range of sexual experience, in 

particular a considerable number with no reported sexual exposure or non-coital 

exposure only. Previous BV study populations that have examined BV-COs have 

recruited women from STD clinics or women from high prevalence populations. 

The inclusion of sexually-inexperienced women in my study, in addition to 

comprehensive, confidential sexual behaviour data from participants, has enabled 

us to explore specific sexual practices and their associations to individual BV-COs 

in considerable depth. 
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CONCLUSION 

 

 These study data contribute to the developing collective understanding of 

BV-related bacteria and their role in BV pathogenesis. Megasphaera, BVAB2, 

A.vaginae and G.vaginalis were all significantly associated with BV after adjusting 

for detection of other BV-COs; BVAB3, Sneathia and Leptotrichia showed no 

independent association and BVAB1was absent in NF and uncommon in BV.  My 

data show that six of the eight BV-CO were rare or absent in sexually-inactive 

women: Sneathia, Leptotrichia, Megasphaera, BVAB1, BVAB2 and BVAB3.  

G.vaginalis was ubiquitous in BV disease, strongly associated with sexual risk, but 

was also detected in 28% of sexually-inactive women.  After multivariate-analysis 

Megasphaera was independently associated with WSW and lifetime sexual partner 

numbers, while unprotected vaginal sex was strongly related to BVAB2 detection. 

These data advance our knowledge towards an understanding of how and whether 

BV is sexually transmitted but clearly longitudinal data are needed to further 

elucidate the complex relationship between BV-COs and the development of BV in 

different populations.   
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Appendix 15: Poster presentation at Australasian Sexual Health 
Conference, Sydney 2010. 
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Appendix 16: BV molecular presentation Quebec 2011 

The epidemiological associations of BV 
candidate bacteria in sexually 

experienced and inexperienced women 
with BV and normal vaginal flora

Fethers KA1,2, Twin J3,4, Fairley CK2, Fowkes FJ 1, 5 Garland SM 3, Fehler G2, 
Morton AM2, Hocking JS1, Tabrizi S3, and Bradshaw CS1, 2, 6

School of Population Health, University of Melbourne, Carlton, Victoria, Australia
Melbourne Sexual Health Centre, The Alfred Hospital, Carlton, Victoria, Australia
Royal Women’s Hospital, Department of Obstetrics and Gynaecology University of Melbourne, Victoria, Australia.
Murdoch Children’s research Institute, Melbourne, Australia
Centre for Population Health, Burnet Institute, Melbourne.
Department of Epidemiology and Preventive Medicine, Monash University

  
 

Background

• Several bacterial candidate organisms (COs) have 
recently been shown to be highly specific for BV. 

• The epidemiological profiles for these COs are unknown 
and no studies have examined COs in young sexually-
inexperienced women.

• Whether these COs are sexually-transmitted, or how 
they relate to specific sexual activities is unknown
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Methods

• This study incorporates 2 study 
populations: 

-The Female University Student Study which recruited 
women aged 17–21 years attending the University of 
Melbourne

- A sexually-experienced clinic population from 
Melbourne Sexual Health Centre. 

  
 

FUSS Methods
A sub-group of 193 samples from the FUSS project

Women aged 17-21 attending University of 
Melbourne eligible for cross sectional study 

•non pregnant, fluent in English

Posted study kit containing
•participant information and consent form
•questionnaire
•instructions for self-collecting vaginal sample
•swab and glass slide
•reply paid envelope

Questionnaire
•Demographic info, behavioural & sexual 
practices
•symptomatology & prior episodes of BV

Vaginal smears with intermediate flora excluded 
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MSHC Clinic Methods

• A sub group of 342 women from a clinic cohort

• Women attending Melbourne Sexual Health Centre 
with symptoms of  vaginal discharge or odour

• Practitioner collected vaginal smears
• Vaginal smears with intermediate flora excluded 
• Self completed questionnaires recording demographic, 

medical, sexual partnership and behavioural data. 

  
 

 

Molecular analysis methods

• Samples were analysed using quantitative PCR assays 
(qPCR) targeting the specific 16S rRNA gene sequences 
of eight published candidate organisms and L. crispatus.

– G. vaginalis

– A.vaginae
– Megasphaera type-1

– Sneathia
– BVAB1

– BVAB2

– BVAB3
– Leptotrichia
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Behavioural characteristics of study populations

Characteristic No. (%) of participants in 

FUSS N=193

No. (%) of participants in 

clinic study N=146

p value

Age

<21 years

≥21 years

154 (80)

39 (20)

5 (3)

141 (97)

<0.001

Country of birth

Australia 

Other

140 (73)

53 (28)

106 (73)

38 (24)a

0.8

Ever had vaginal sex

No

Yes 

82 (43)

111(58)

0

146 (100)

<0.001

Lifetime vaginal sex partners 

0

1-10

>10

82 (43)

98 (51)

13 (7)

0

17 (12)

128 (88) a

<0.001

Ever had oral or  

digital-vulvovaginal sex

No

Yes 

58 (30)

135 (70)

0

146 (100)

<0.001

WSW

No

Yes

187 (97)

6 (3)

113 (77)

33 (23)

<0.001

UPVSI in the last 12 months

No

yes

102 (53)

91 (47)

3 (2)

143 (98)

<0.001

Current smoker

No

Yes 

178 (92)

15 (8)

72 (50)

73 (50) a

<0.001

  
 

 

Associations between bacterial vaginosis candidate organisms and level of sexual 
exposure in women with normal flora and BV 

Candidate Organism Megasphaera Sneathia Leptotrichia G. vaginalis BVAB1 BVAB2 BVAB3 A. vaginae

Women with normal flora N=233

No sexual contact ever n=58

Protected sex or non-coital 

n=40

Unprotected vaginal sex ever 

N=135

1 (2)

2 (5)

6 (4)

1 (2)

2 (5)

14 (10)

1 (2)

3 (8)

14 (10)

16 (28)

18 (45)

80 (59)

0

0

0

0

0

12 (9)

0

0

2 (2)

41 (71)

25 (63)

77 (58)

p for trend 0.6 0.04 0.06 <0.001 0.009 0.2

Women with BV N=106

No sexual contact ever n=0

Protected sex or non-coital 

n=7

Unprotected vaginal sex ever 

N=99

-

4 (57)

77 (78)

-

1 (14)

77 (78)

-

1 (14)

76 (77)

-

7 (100)

96 (97)

-

0

7 (7)

-

1 (14)

72 (73)

-

0

17 
(17)

-

1 (14)

97 (100)

P value 0.4 0.001 0.002 1.0 1.0 0.003 0.6 0.07
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Associations between bacterial vaginosis candidate organisms and 
lifetime sexual partner number in women with normal flora and BV

Candidate 

Organism

Megasphaera Sneathia Leptotrichia G. vaginalis BVAB1 BVAB2 BVAB3 A. vaginae

Women with normal flora N=233

Lifetime vaginal 

sex partners 

0

1-10

>10

2/79 (3)
1/82 (1)
6/72 (8)

3/79 (4)
4/82 (5)
10/72 (14)

3/79 (4)
3/82 (4)
12/72 (17)

24/79 (30)
41/82 (50)
49/72 (68)

0/79
0/82
0/72

0/79 (0)
6/82 (7)
6/72 (8)

0/79
0/82
2/72 (3)

53/79 (67)
56/82 (68)
34/72 (48)

p for trend 0.1 0.03 0.006 <0.001 0.2 0.02

Women with BV N=106

Lifetime vaginal 

sex partners

0

1-10

>10

2/3 (66)

21/33 (64)
57/69 (83)

1/3 (33)

17/33 (52)
60/69 (87)

1/3 (33)

16/33 (49)
59/69 (86)

3/3 (100)

31/33 (94)
69/69 (100)

0/3 (0)

1/33 (3)
6/69 (9)

0/3 (0)

18/33 (55)
54/69 (78)

0/3 (0)

4/33 (12)
13/69 (19)

2/3 (67)

33/33 (100)
67/67 (100)

p for trend 0.07 <0.001 <0.001 0.3 0.3 0.004 0.3 0.7

  
 

 

Schematic representation of our 

exploration of BV candidate 

organisms

which is the strongest which is the strongest which is the strongest which is the strongest 
candidate?candidate?candidate?candidate?
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Recent evidence suggests that BV is a 
sexually transmitted infection

• Based on this premise, an organism “causal”,or in 
our case strongly associated with BV disease on 
cross sectional analysis, should demonstrate 
behaviour and epidemiological features consistent 
with an STI.

• Behaviour consistent with being an STI in a cross 
sectional analysis would include prevalence of the 
organism increasing either across graded sexual 
exposure and/or with greater numbers of lifetime 
sexual partners

 
 

 

Step 1 – Exclusion any of the 8 

key BV-COs in our analysis 

that do not demonstrate 

behaviour consistent with an 

STI
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Atopobium vaginae, Gardnerella vaginalis,  

Leptotrichia, Megasphaera, Sneathia, 

BVAB1, BVAB2, and BVAB3

Gardnerella vaginalis,  Leptotrichia, 

Megasphaera, Sneathia, BVAB1, 

BVAB2, and BVAB3

Excluded

A. Vaginae - prevalence did not 

increase across graded sexual 

exposure and/or with greater 

numbers of lifetime sexual partners 

in either women with normal flora 

or women with BV

Included – all organisms demonstrated 

an increase in prevalence across graded 

sexual exposure and/or with greater 

numbers of lifetime sexual partners in 

women with normal flora and/or BV

Step 1 – Exclusion any of the 8 key BV-COs in our analysis that do not demonstrate 

behaviour consistent with an STI

 
 

 

Step 2 – Exclusion any of the 7 remaining  
key BV-COs in our analysis that do not 

demonstrate an independent association 
with BV disease after adjustment for the 

presence of other BV candidate organisms
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Gardnerella vaginalis,  Leptotrichia 

spp., Megasphaera spp., Sneathia 

spp., BVAB1, BVAB2, and BVAB3

Step 2 – Exclusion of remaining BV-Cos not independently associated with BV disease

BVAB1 and BVAB3 excluded as detection in BV 

relatively uncommon (7% and 16% respectively) 

and no independent association with BV (p=1.0 

and 0.6 respectively)

Leptotrichia spp. and Sneathia spp. excluded as no independent 

association with BV (p values 0.5 and 0.3 respectively). In 

addition to this, prevalence of the organisms increased with 

numbers of sexual partners equally in both BV and NF suggesting 

these two organisms, whilst being sexually transmitted, are not 

implicated in disease process.

Excluded

Excluded

Gardnerella vaginalis, Megasphaera spp. and BVAB2

Included

  
 

 

Step 3 – What behavioural 

activities determine the risk of 

organism acquisition for these 3 

highly significantly associated 

BV-COs after adjusting for BV 

disease status? 
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•For this stage of the analysis, univariate analysis was performed for each 

organism using behavioural factors recognised to be BV related risk factors in the 

published literature. 

•BV sexual risk factors analysed included lifetime sexual risks as measured by 

more than 10 LSP and recent sexual behaviours (last 12 months) which included: 

any unprotected vaginal sex (UPVSI), any anal sex, having a female partner 

(WSW),  frequent vaginal sex and frequent receptive oral sex (>once weekly). 

•The association between BV-COs and other behavioural and demographic 

variables such as age, douching, smoking, oral contraceptive pill, country of birth, 

circumcision status of partner and past history of BV were also examined. 

•Any factor significantly related on univariate analysis, plus any well known 

recognised BV risk factor, were then entered into a logistic regression model to 

determine behaviours associated with risk for each specific BV candidate 

organism .

  
 

 

Model 1 – G. vaginalis

Behavioural variables associated with G. vaginalis detection after logistic 

regression analysis adjusted for BV status and BV risk factors associated 

with G. vaginalis after univariate analysis. 

No factors independently associated with G. vaginalis detection

Variables entered into log. reg. included: BV status, 

smoking, lifetime sex partners >10, vaginal sex 

frequency >weekly, oral sex frequency > weekly, age, 

unprotected vaginal sex in the last 12 months 
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Model 2 – BVAB2

Behavioural variables associated with BVAB2 detection after logistic 

regression analysis adjusted for BV status and BV risk factors associated 

with BVAB2 after univariate analysis. 

Factor independently associated with BVAB2 detection:

Unprotected vaginal sex in the last 12 months AOR 22.5 (2.6-196.0) p=0.005

Variables entered into log. reg. included: BV status, 

smoking, lifetime sex partners >10, vaginal sex 

frequency >weekly, oral sex frequency > weekly, age, 

unprotected vaginal sex in the last 12 months 

  
 

 

Model 3 – Megasphaera spp. 

Behavioural variables associated with Megasphaera detection after 

logistic regression analysis adjusted for BV status and BV risk factors 

associated with Megasphaera after univariate analysis. 

Factors independently associated with Megasphaera detection were:

•WSW AOR 4.4 (1.2-16.4), p=0.03
•More than 10 lifetime sexual partners AOR 2.9 (1.0-8.3), p=0.04

Variables entered into log. reg. included: BV status, 

smoking, lifetime sex partners >10, vaginal sex 

frequency >weekly, oral sex frequency > weekly, female 

sex partner lat 12 months, age, unprotected vaginal sex 

in the last 12 months 
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Summary

After excluding BV candidate organisms that did not demonstrate epidemiological 

evidence of sexual transmission

AND

After excluding BV candidate organisms that did not demonstrate an independent 

association with BV disease after adjusting for presence of other BV-COs

= G. vaginalis, BVAB2 and Megasphaera 

BVAB2 demonstrated a strong association with unprotected vaginal sex in the 

last 12 months after adjusting for BV status, recognised BV risk factors and 

other significant univariate associations

Megasphaera demonstrated an association with having a female sexual 

partner in the last 12 months and lifetime sexual partner number after 

adjusting for BV status, recognised BV risk factors and other significant 

univariate associations

  
 

 

Conclusions
• These study data contribute to the developing collective understanding of BV-related 

bacteria and their role in BV pathogenesis. 
• Megasphaera, BVAB2, A.vaginae and G.vaginalis were all significantly associated 

with BV after adjusting for detection of other BV-COs; 
• BVAB3,Sneathia and Leptotrichia showed no independent association and 

BVAB1was absent in NF and uncommon in BV.  
• Our data show that six of the eight BV-CO were rare or absent in sexually-inactive 

women: Sneathia, Leptotrichia, Megasphaera, BVAB1, BVAB2 and BVAB3.  
• G.vaginalis was ubiquitous in BV disease, strongly associated with sexual risk, but 

was also detected in 28% of sexually-inactive women.  
• After multivariate-analysis Megasphaera was independently associated with WSW 

and lifetime sexual partner numbers, while unprotected vaginal sex was strongly 
related to BVAB2 detection. 

• These data advance our knowledge towards an understanding of how and whether 
BV is sexually transmitted but clearly longitudinal data are needed to further elucidate 
the complex relationship between BV-COs and the development of BV in different 
populations. 
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Chapter 7  
 

Additional Appendices: Ethics submissions, Patient information 
and consent forms 

 
 
 

Appendix 17: University of Melbourne ethics submission for FUSS 

 

FORM 1 

THE UNIVERSITY OF MELBOURNE 

HUMAN RESEARCH ETHICS COMMITTEE 

 

APPLICATION FOR APPROVAL OF A PROJECT INVOLVING 

HUMAN PARTICIPANTS 

 

 

 

 

PROJECT REFERENCE DETAILS 

 

 

Enter the Ethics ID number assigned by 0719743.1 
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Themis Research to this ethics 

application. 

 

Enter the title of the Project as recorded 

in Themis Research 

Vaginal Health Study 

 

Enter the name of the Responsible 

Researcher as recorded in Themis 

Research 

Catriona Bradshaw (PhD 

Supervisor) 

Katherine Fethers (PhD Student) 

 

 

 

1. PROJECT DETAILS 

 

 

1.1 EXECUTIVE SUMMARY IN PLAIN ENGLISH: Provide a brief summary of the project outlining the broad 

aims, background, key questions, research design/approach, the participants in the study and what they will 

be asked to do, and the importance or relevance of the project. [This description must be in everyday 
language, free from jargon, technical terms or discipline-specific phrases. (No more than 300 words).]  

 

Bacterial vaginosis (BV) is one of the commonest genital infections (10-30%) in 

women of reproductive age. It is associated with miscarriage, premature birth and 

increases the risk of catching HIV and sexually transmitted infections (STIs). 

However, the cause of BV and whether it is sexually transmitted remains unknown, 

and more than 50% of treated women experience BV recurrence within a year. 
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Whether this is due to reinfection from sexual partners or treatment failure is 

unclear.  

 

Recent studies show that many of the characteristics associated with BV are 

similar to those found in women with STIs like Chlamydia. Whether sexual 

transmission is involved in the development and spread of BV, however, is 

unknown. Only two published studies have found BV in ‘virginal’ women; both 

defined virginal as “ever having had vaginal sex” and neither accounted for other 

sexual practices. Oral sex and non-penetrative sexual practices are common prior 

to having vaginal intercourse, and are known to be capable of transmitting 

infections such as Human papilloma virus and Herpes simplex virus. No studies have 

examined the association of BV with a range of sexual practices in young women at 

or soon after onset of sexual activity. Understanding how BV is related to sexual 

activity is essential to understanding how the disease develops and persists in 

women.   

 

I propose to: 

• determine how common BV is in young females commencing university 

• examine the associations between BV and sexual activity  

 

Improving our understanding of the contribution of sexual transmission to BV will 

lead to improvement in clinical management of this disease which could translate 

into significant public health benefits, such as a reduction in complications of 

pregnancy and HIV transmission. 

 

277 words 
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1.2 AIMS OF AND JUSTIFICATION FOR THE RESEARCH:  State the aims and significance of the project. 

Where relevant, state the specific hypothesis to be tested. Also provide a brief description of current 

research/literature review, a justification as to why this research should proceed and an explanation of 

any expected benefits to the community. [No more than 500 words]  
     

Aims and Objectives  

The aims of this study are to  

1. Establish the prevalence and incidence of BV in young female university 

students 

2. Examine the risk factors associated with BV in young female university 

students 

Hypotheses 

1. BV is due to a sexually transmitted agent and therefore it is more common 

in sexually experienced than sexually inexperienced females. 

2. Non-penetrative sexual practices such as external genital-genital, digital-

genital or oro-genital contact are capable of transmitting infectious agents, 

and may have resulted in previous reports of BV in “virginal” women. 

 

Current research/literature* 

BV is a common condition associated with serious sequelae including premature 

delivery and increased susceptibility to HIV, yet the aetiology and role of sexual 

transmission in this syndrome remain unclear. New management approaches are 

urgently needed as current therapies are associated with unacceptably high rates 

of recurrence. Although BV is not considered to be a sexually transmitted infection 

(STI), many of its epidemiological associations are those associated with known 

STIs [1-3]. Several studies have shown an association between BV and higher 

numbers of sexual partners, a change in sexual partner, lower age of first 

intercourse and a past history of STIs [4-11].  A considerable body of data supports 
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sexual transmission of BV between women [12]. Studies of women who have sex 

with women (WSW) report a higher BV prevalence than in heterosexual women 

[4,13], a high concordance of BV within monogamous partnerships [12,14], and an 

association between BV and sharing of sex toys [14].  Recent longitudinal studies 

report an association between a new sexual partner and acquisition of BV (RR 

range 1.7-2.5) [15,16], and lack of monogamy and incident BV [17].  

If BV is sexually transmitted one would not expect to find it in non-sexually 

experienced females. Only two studies have examined this association; one in 14-

17 year old females attending a US gynaecology clinic, and the other in US military 

recruits. BV was detected in 10 (15%) sexually-active adolescents, and 6 (12%) 

virginal adolescents (p=0.8), and in 18% of non-sexually experienced female 

recruits, compared to 28% of sexually-experienced recruits (p = .001) [18]. Neither 

study collected data on non-penetrative sexual practices and the definition of 

sexual activity was limited to “ever having vaginal sex”.  Overall the published data 

reporting BV in non-sexually active females has significant methodological 

limitations.  

 Justification 

I have an important opportunity to examine the role of sexual activity in the 

development of BV in young females entering university; published data indicates 

approximately half will have engaged in sexual intercourse, 70% will have 

experienced genital touching and 45% have had orogenital sex. Previous studies 

have failed to consider the potential of non-penetrative sexual practices to 

transmit BV. Our study will be the first provide data about the prevalence and 

incidence of BV in young women, and their association with sexual activity. 

Determining the contribution of specific sexual practices to BV will assist in 

understanding its aetiology and role of sexual transmission in disease 

pathogenesis. It will ultimately contribute to the development of more effective 

treatment and prevention and therefore reducing the serious and costly sequelae 

associated with BV.   
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*References for this entire application form are listed at the end of this 

document 

 

 

 

1.3 METHOD Provide an outline of the proposed method, including details of the recruitment strategy and 

data collection techniques, the tasks participants will be asked to do, the estimated time commitment 

involved, and how data will be analysed. [No more than 500 words] 

Recruitment  

Cross sectional study  

Recruitment for this study will be from two sources: first year female students 

attending biomedical science, science and arts tutorials, and female students living 

in university colleges.   

Permission from faculty Deans at Melbourne University will be sought to approach 

tutors of first year biomedical science, science and arts tutorials to discuss the 

study and receive permission to hold information sessions about the study 

following tutorials. Recruitment of participants will occur during these sessions. 

Permission will also be sought from college Deans to hold evening and lunchtime 

information sessions about the study for 17-21 year old female college students. 

Women will be recruited during these sessions. A record will be kept of the 

number of women attending tutorials and college information sessions and the 

proportion who agree to participate.   

 

Cohort study 
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Women will be asked on their consent form if they agree to be contacted by a 

researcher to participate in a one-year prospective study. They will be phoned by a 

female researcher and an information pack will be sent to them outlining the 

prospective study in detail and including a consent form to be signed by 

participants. Women may elect to participate only in the cross-sectional study.  

  

Data collection 

A kit with clear written instructions, which has been used in previous studies [19], 

will be handed out to female university students.  The kit contains the participant 

information and consent form, an information sheet on BV, a coded questionnaire, 

instructions for collecting a vaginal sample, a vaginal swab and glass slide. 

Participants may complete the cross-sectional study the same day or a prepaid 

envelope will be provided within the kits so that participants can post the sample 

and questionnaire back to investigators if they prefer. The questionnaire will 

record demographic, medical and reproductive characteristics, and collect 

information regarding sexual partnerships and specific behavioural and sexual 

practices.  

 

The prospective study will involve self-collection of samples and completion of 

questionnaires every 3 months for a year. Questionnaires will collect data on 

behavioural practices specific to the preceding 3 month period. The same kits as at 

baseline will be posted out 3 monthly to participants with a reply paid envelope. 

Women will receive reminders in the manner indicated on their consent form at 

the time their swab is due and weekly for 3 weeks if required.  

 

Testing Practices 

The Nugent method will be used for the diagnosis of BV. This is the gold standard 

diagnostic method for BV used in clinical trials. The investigators will receive a 

smear of vaginal secretions on a glass slide and a vaginal swab from participants at 
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baseline and during follow up. A Gram stain of the vaginal smear is made and the 

bacterial morphotypes visible on microscopy are scored.  

 

Results Provision, Treatment and Follow up 

Women who test positive for BV will be contacted in their indicated preferred 

manner. An appointment at MSHC will be arranged, or they can elect to attend 

their GP if they prefer. Treatment for BV will be provided for participants for free if 

they attend MSHC.  

      

Data analysis 

Data will be entered and stored in Microsoft Access and analysed using SPSS 12.0 

(SPSS Inc.,Chicago,IL) and STATA 9.0 (StataCorp,2005).  BV prevalence estimates 

and 95%CI will be calculated using exact methods for binomial proportions.  Odds 

ratios and 95%CI will be calculated using logistic regression to investigate risk 

factors associated with BV.  

  

1.4 USE OF INDEPENDENT CONTRACTORS Will parts of this project be carried out by independent 

contractors? (e.g. interviewing, questionnaire design and analysis, sample testing, etc) 

 
  �  NO       

 

 

1.5 MONITORING  

(a) How will researchers monitor the conduct of the project to ensure that it complies with the 

protocols set out in this application, the University’s human ethics guidelines and the National 

Statement on Ethical Conduct in Research Involving Humans? [Address, in particular, cases 
where several people are involved in recruiting, interviewing or administering procedures, 
or when the research is being carried out at some distance from the Principal Researcher 

(i.e. interstate or overseas)] 
 

The investigators involved in this project all have extensive experience conducting research 

in sexual health in both clinic and community based settings. Experienced female 

researchers will be involved in the recruitment of participants for this study.  Regular 

research meetings will be held throughout the study to ensure that the conduct of the 

project complies with the approved protocol. 
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(b) For student research projects how will the student be supervised to ensure they comply with 

the protocols? If the student is working overseas, provide additional details of any local 

supervision arrangements. 

 

     The student researcher in this study has regular contact (3 times per week) with the primary 

supervisor and monthly meetings with all the researchers involved with this project. 

Supervisors are onsite. 

 

 

 
 

2. PARTICIPANT DETAILS 

 

2.1 DOES THE RESEARCH SPECIFICALLY TARGET: [Tick as many as applicable] 

 YES NO 

a. students or staff of this University �  

b. adults (over the age of 18 years and competent to give consent) �   

c. children/legal minors (anyone under the age of 18 years) see 

below 

 

d. the elderly  �  

e. people from non-English speaking backgrounds  �  

f. pensioners or welfare recipients  �  

g. anyone intellectually or mentally impaired who cannot provide consent  �  

h. anyone who has a physical disability  �  

i. patients or clients of professionals  �  

j. anyone who is a prisoner or parolee  �  
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k. a ward of the state  �  

l. any other person whose capacity to give informed consent may be compromised  �  

m. Aboriginal and/or Torres Strait Islander people and/or communities  �  

n. other collectives where a leader or council of elders may need to give consent  �   

 

Question 2.1c – please note female students will be approached at the beginning of the university year (March) 

to participate in this study. Recruitment at the beginning of the academic year is integral to success of the 

study as increasing numbers of women become sexually active upon commencing university. A small number 

of participants may be 17 years of age, but will be due to turn 18 by April 30. These females provided they are 

able to clearly understand the purpose of this study and the implications of being involved in the research will 

be allowed to participate in the trial. Women <17 years of age will not be eligible. I do not anticipate that 

recruitment of women who are due to turn 18 years of age within 2 months of enrolment will be of ethical 

concern.  

 

2.2 NUMBER, AGE RANGE AND SOURCE OF PARTICIPANTS 

 I aim to recruit 500 young women aged 17-21 into the study. I will be inviting first year female 
Melbourne University students from arts, biomedicine and science courses as well as female 
university college students to participate after obtaining permission from the relevant Deans of each 
faculty, college and tutors/lecturers.   

 

 

2.3 JUSTIFICATION OF PARTICIPANT NUMBERS [The quality and validity of research is an essential 
condition of its ethical acceptability (refer National Statement page 5)] Where applicable, provide a 

justification of sample size (including details of statistical power of the sample, where appropriate), 

explaining how this sample size will allow the aims of the study to be achieved. 

 

Cross-sectional study 

The principle analyses will compare the prevalence of BV in women who are and 

are not sexually experienced. Prevalence estimates of BV in the community in 

Australia are lacking. The point prevalence of BV internationally varies according 
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to the population studied, but ranges from 9-30% in pregnant women, to 20-40% 

in females attending sexual health services, to prevalences in excess of 50% in 

women in sub-Saharan Africa (Sobel 2000). Although there are few community-

based studies, recently published combined data from the 2001-2 and 2003-4 

National Health and Nutrition Examination Survey found that 29% (95% CI 27-

31%) of 14-49 year old North American women (n=3727) had BV (Allsworth and 

Peipert 2007) . A North American antenatal study among 13,747 women attending 

medical services between 23-26 weeks gestation, found an overall prevalence of 

16%, and in a UK study of 287 women presenting for Pap smears, 9 % had 

BV(Goldenberg, Klebanoff et al. 1996). 

On the basis of these data, and knowledge that Australia has lower rates of many 

genital infections compared to the US and the UK, I have estimated that the BV 

prevalence in sexually active young women commencing health sciences will be 8-

10%, I would expect that the prevalence in non-sexually experienced women will 

be 0%, but have conservatively estimated 2% for this sample size calculation. In 

the most conservative estimate, with a power of 80%, a level of significance of 

0.05, 238 women will be needed in each group to detect a difference in prevalence 

between groups as small as 6%.   

 

Table 1 shows the 95% confidence intervals around likely prevalence estimates. A 

total sample size of 500 women will provide 95% confidence intervals (CI) of 1-4 

% around a point estimate of BV prevalence of 2% in non-sexually active women 

(n=250) and 95% CIs of 5-12% around a point estimate of BV prevalence of 8% in 

sexually active women (n=250).  

Table 1: Precision based sample size estimates  

BV Prevalence 2%  8% 10% 
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Sample size 95% confidence intervals 

250 1-4 5-12 7-15 

 

Based upon data from the third national survey of Australian Secondary Students, 

HIV/ AIDS and Sexual Health 

(http://www.latrobe.edu.au/arcshs/scdry_stdnts_sxl_hlth.html) I anticipate that 1 

in 2 females commencing health sciences will have not engaged in penetrative 

vaginal sex. This survey was conducted in 2002 and involved 2388 year 10 and 12 

students (55% female) in all states and territories. It showed that the majority of 

students had been sexually active in some way. Vaginal intercourse was reported 

by just over half of Year 12 students; 80% reported deep kissing, 67% genital 

touching, and 46% reported giving or receiving oral sex. Commencement of 

university is associated with a rapid increase in sexual experience and it is 

therefore important that enrolment in the study commences at the beginning of 

the university year. 

 

Data will be entered and stored in Microsoft Access and analysed using SPSS 12.0 

(SPSS Inc.,Chicago,IL) and STATA 9.0 (StataCorp,2005).  BV prevalence estimates 

and 95%CI will be calculated using exact methods for binomial proportions.  Odds 

ratios and 95%CI will be calculated using logistic regression to investigate risk 

factors associated with BV. 

 

Cohort study 

The prospective study is intended to be a pilot study to obtain an incidence 

estimate of BV in young female university students. Data obtained from this cohort 

will be used to determine the feasibility of a future large prospective study to 
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examine the risk factors associated with incident BV. Other incident genital 

infections will also be examined in this study.  

 

If as a conservative estimate only one in three women from the cross-sectional 

study agreed to participate in the pilot cohort study, 167 women would enrol in 

the cohort study. Assuming a loss to follow up of 30%, then I would retain 117 

women in the cohort to endpoint. It is difficult to provide an estimate for BV 

incidence as there are no published data for the general population. I estimate that 

the cumulative BV incidence over a 1 year period in this cohort will be between 5-

10%. A sample size of 117 women would give ample precision to assess a BV 

incidence of 5% with 95% confidence intervals of 2-10%; an incidence of 10% 

would give 95% CIs of 6-17%. Estimates of BV incidence will be calculated using 

person time as a denominator. Kaplan-Meier Survival Curves will be used to assess 

the time until first new infection. This pilot study is not powered to examine risk 

factors associated with incident BV.  

 

      
 

2.4 PARTICIPANT RECRUITMENT  

(a) Please indicate the method of recruitment by ticking the appropriate boxes.  Tick all that 

apply.  

 

Mail out - see below  Email - see below  Telephone 

 

 

Advertisement - see below  Recruitment carried out by third party 

(eg. employer, doctor) – see below 

 Recruitment carried out by 

researcher/s 

�  

Contact details obtained from 

public documents (eg. phone 

book) 

 Contact details obtained from private 

sources (eg. employee list, membership 

database) – see below 

 Personal contacts  

Participants from a previous  Snowball (participants suggest other  Other (Please explain in no more  
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study potential participants) than 50 words):       

 

 

(b) Describe how, by whom, where potential participants are to be identified or selected for this 

research. 

 

 Potential participants will be first year female Melbourne University students in arts, 

biomedicine and science streams and 17-21 year old female university college students.  

 
(c) Describe how, by whom, where potential participants are to be approached or invited to take 

part in this research. 

 

 Recruitment for this study will be from two sources: first year female students attending 

biomedical science, science and arts tutorials, and female students living in university 

colleges.  Permission from faculty Deans at Melbourne University will be sought to 

approach tutors of first year biomedical science, science and arts tutorials to discuss the 

study and receive permission to hold information sessions about the study following 

tutorials. Recruitment of participants by female researchers will occur during these 

sessions and will only be attempted following tutorials that precede breaks or at the end of 

the day. Permission will also be sought from college Deans to hold evening and lunchtime 

information sessions about the study for 17-21 year old female college students. Women 

will be recruited by female researchers during these sessions. A record will be kept of the 

number of women attending tutorials and college information sessions and the proportion 

who agree to participate. 

 
 

2.5 DEPENDENT RELATIONSHIPS 

[The issue of research involving persons in dependent or unequal relationships (e.g. teacher/student, 
doctor/patient, student/lecturer, client/counsellor, warder/prisoner, and employer/employee) is 
discussed in Section 7 of the National Statement. Such a relationship may compromise a participant’s 
ability to give consent which is free from any form of pressure (real or implied)]. Are any of the 

participants in a dependent relationship with any of the researchers, particularly those involved in 

recruiting for or conducting the project? 
 

   NO����       

 

2.6 PAYMENT OR INCENTIVES OFFERED TO PARTICIPANTS 

Do you propose to pay, reimburse or reward participants?  
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 YES ����   (If YES, how, how much and for what purpose? Please justify 

the approach)  

     In recognition of their time, women participating in the 

cross sectional study will receive a $25 Coles-Myer voucher 

and women participating in the cohort study will receive a 

$25 Coles-Myer voucher at 6 and 12 months.  

 

2.7 DECEPTION OR CONCEALMENT 

 [Deception and concealment is discussed in Section 17 of the National Statement. Essentially the 
practice is not considered ethical unless there are compelling reasons given for its use] Will the true 

purpose of the research, or the collection of data itself, be concealed from participants or will 

participants in any way be deceived? 
 

   NO ����  

 

 

 

3. RISK AND RISK MANAGEMENT 
 

3.1 STUDY PROFILE –DOES THE RESEARCH INVOLVE THE FOLLOWING: 
 [Tick as many as apply. Provide details in methodology –section 1.5 and attach information where indicated] 

 YES NO 

• use of questionnaires designed by the researcher (attach a copy) ����yes  

• use of standard survey instruments (attach a copy)  no 

• use of on-line surveys (attach printout of screen information)  no 

• use of interviews (attach the list of interview questions)  no 

• use of focus groups (attach the list of focus group topics/questions)  no 

• observation of participants without their knowledge  no 
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• covert observation  no 

• audio-taping interviewees or events  no 

• video-taping interviewees or events  no 

• access to personal and/or confidential data (including student, patient or client data) 
without the participant’s specific consent 

 no 

• administration of any stimuli, tasks, investigations or procedures which may be 
experienced by participants as physically or mentally painful, stressful or unpleasant 
during or after the research process 

 no 

• performance of any acts which might diminish the self-esteem of participants or cause 
them to experience embarrassment, regret or depression 

 no 

• research about participants involved in illegal activities  no 

• research conducted in an overseas setting  no 

• administration of any substance or agent  no 

• use of non-treatment or placebo control conditions  no 

• collection of body tissues or fluid samples ����yes  

• collection and/or testing of DNA samples  no 

 

3.2 POTENTIAL RISKS TO PARTICIPANTS 

 Identify, as far as possible, all potential risks to participants (e.g. physical, psychological, social, legal or 

economic etc.), associated with the project and the setting (e.g. overseas) in which the project is 

conducted. It may be useful to consider the study profile above and your response to participant details 

in section 2 
 

  

There are no significant risks involved in participating in this study however I have addressed all 

potential risks and how they will be managed below: 

� Self-collection of vaginal swabs is a simple and painless procedure. It has been used in 

numerous studies and in situations where women prefer to not to be examined. I will 

provide clear instructions and diagrams and there is no risk associated with this procedure.  

� Participants will be asked to complete questionnaires during the study that include 

questions on sexual practices. This information is sensitive, and the sole purpose of these 

questions is to try and understand how specific sexual practices may lead to the 

development or spread of BV. The nature of the questionnaires will be discussed with at 
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enrolment by a female researcher who is experienced in conducting research in sexual 

health and recognises the personal and sensitive nature of these questions. If participants 

become upset or distressed as a result of their participation in this research, I will be able to 

arrange for them to have counselling or other appropriate support. Any counselling or 

support will be provided by staff who are not members of the research team.  

� I have trained counsellors in place at MSHC, but I have also provided contact information for 

the experienced counsellors at the Centre against Sexual Assault (CASA) within the 

participant information and questionnaire if women have had any unwanted sexual 

experiences including sexual assault in the past and have not received counselling or medical 

review and wish to do so.  

� Confidential information will be respected and protected. This information will be stored 

with a code only and identifying information will be kept in a locked cabinet in a separate 

room and accessible only to study investigators for research purposes.  

� Women will not be recruited if they are not fluent in written English, this is an inclusion 

criterion. 

� Participants will be predominantly 18 years or older however a small proportion may be 17 

and about to turn 18 years of age by the 30th of April. Only women able to understand the 

purpose of the research and the consequences of participating will be able to participate in 

this study, this will be ascertained in the informed consent process by the female researchers 

recruiting for the study. I do not anticipate that there would be any legal problem involving 

some mature minors in this project who are about to turn 18,  have achieved an academic 

grade that enables them to enter university, are literate and are competent and able to give 

informed consent.   

� There may be additional unforeseen or unknown risks that have not been mentioned in this 

information brochure. 

  
 

3.3 MANAGING POTENTIAL RISKS 

Describe what measures you have in place to minimize these potential risks to participants and to 

ensure that support is available if needed. [Depending on risks, participants may need additional 
support (e.g. external counseling) during or after the study] 

 

 I have outlined potential risks and how they will be managed in 3.2 above  

 

3.4 DEBRIEFING (if applicable) 

What debriefing will participants receive following the study and when?  (Attach a copy of any written 

material or statement to be used in such a debriefing, if applicable). [Participants may need to talk 
about the experience of being involved in the study with the researchers, as well as learn more about 
the aims of the research]  

 

 I have provided participants with a free study number to contact researchers to discuss any sexual 

health or study related concerns. I are able to arrange for appointments at Melbourne Sexual Health 

Centre with counsellors or clinicians if needed and have provided contact information for the Centre 
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against Sexual Assault. All participants have been given the opportunity on their consent form to 

indicate if and how they would like to receive the overall study results and any results that may 

become available in the future from research on their stored vaginal samples. I will provide these 

participants with a summary of the overall research findings in lay terms. 

 

3.5 BENEFITS COMPARED TO POTENTIAL RISKS  

 Outline the benefits of the study to the community (and participants, if applicable), relative to the 

potential risks to participants 
 

       Possible benefits from involvement in this study include being tested for BV and access 

to expert advice regarding sexual health. The researchers in this study are physicians who have a 

particular expertise in sexual health. I will provide a free number for participants to call to discuss 

any sexual health concerns, and I can then arrange for them to be seen by a doctor at MSHC if that is 

needed or referred back to the GP if they prefer. I will be able to arrange immediate treatment at 

any stage for BV if needed. Participation in this study may not provide any personal benefit other 

than being involved in a study that is part of improving current treatment of BV for women.  

 
 

3.6 MANAGING ADVERSE / UNEXPECTED OUTCOMES 

Describe what measures you have in place in the event that participants experience adverse effects 

arising from their involvement in the project (e.g. adverse drug reaction, revelation of illegal activity, or 

unexpected distress due to questioning) 
 

 Please refer to 3.2 for a detailed description on how possible risks will be addressed if they arise.  If 

a participant becomes upset or distressed as a result of participation in this research, I will 

be able to arrange for counselling or other appropriate support. Any counselling or 

support will be provided by staff who are not members of the research team. I have trained 

counsellors in place at MSHC in the unlikely event completion of these questionnaires 

causes distress.  I will also contact information for the Centre against Sexual Assault 

(CASA) for any participant who may identify a need for counselling or medical review for 

any unwanted previous sexual experiences.  

 

3.7 POTENTIAL RISKS TO RESEARCHERS 

Will there be any significant risks to researchers associated with the project and the setting (e.g. 

overseas) in which the project is conducted. (e.g. personal safety, health, emotional well being)? [Refer to 

the University’s Environmental Health & Safety Manual for more information] 
 

  �  NO (If YES, how will such risks be addressed) 

      

 

 

4. INFORMATION FOR PARTICIPANTS AND INFORMED CONSENT 
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Before research is undertaken, the informed and voluntary consent of participants (and other properly 

interested parties) is generally required (refer sections 1.7 - 1.12 of the National Statement for more details). 

Information needs to be provided to participants at their level of comprehension about the purpose, methods, 

demands, risks, inconveniences, discomforts and possible outcomes of the research. Such information is often 

provided in a written Plain Language Statement. Each participant’s consent needs to be clearly established 

(e.g. by using a signed Consent Form, returning an anonymous survey or recording an agreement for 

interview). 

 

4.1 PROVIDING INFORMATION FOR PARTICIPANTS  

 

(a) Will you be providing participants with information in a written Plain Language Statement? 

 

� YES    

 

(b) Will arrangements be made to ensure that participants who have difficulty understanding 

English can comprehend the information provided about the research project? 

 

  �  NO One of our inclusion criteria is fluency in English as they will not 

be able to complete the questionnaire or understand the purpose 

of the study. 

      

 

 

 

4.2 PLAIN LANGUAGE STATEMENT (IF APPLICABLE) 

 

CONFIRM THAT THE PLAIN LANGUAGE STATEMENT WILL:  

 YES NOT APPLICABLE 

1. be printed on University of Melbourne letterhead �   

2. include clear identification of the University, the Department(s) 
involved, the project title, the Principal and Other Researchers 
(including contact details), and the study level if it is a student 
research project. 

�   

3. provide details of the purpose of the research project �   
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4. provide details of what involvement in the project will require (e.g., 
involvement in interviews, completion of questionnaire, 
audio/video-taping of events), and estimated time commitment 

�   

5. provide details of any risks involved and the procedures in place to 
minimise these. 

�   

6. advise that the project has received clearance by the HREC �   

7. (if the sample size is small), confirm that this may have implications 
for protecting the identity of the participants 

�   

8. include a clear statement that if participants are in a dependent 
relationship with any of the researchers that involvement in the 
project will not affect ongoing assessment/grades/management or 
treatment of health (if relevant) 

�   

9. state that involvement in the project is voluntary and that 
participants are free to withdraw consent at any time, and to 
withdraw any unprocessed data previously supplied 

�   

10. provide advice as to arrangements to be made to protect 
confidentiality of data, including that confidentiality of information 
provided is subject to legal limitations (see ** below) 

�   

11. provide advice as to whether or not data is to be destroyed after a 
minimum period (if relevant) 

�   

12. provide in the footer, the project HREC number, date and version of 
the PLS 

�   

13. provide advice that if participants have any concerns about the 
conduct of this research project that they can contact the Executive 
Officer, Human Research Ethics, The University of Melbourne, ph: 
8344 2073; fax 9347 6739 

�   

 

[**Re 10 – it is possible for data to be subject to subpoena, freedom of information request or mandated 

reporting by some professions. Depending on the research proposal you may need to specifically state these 

limitations] 

 

 PLEASE ATTACH A COPY OF THE PLAIN LANGUAGE 

STATEMENT TO YOUR APPLICATION 
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4.3 OBTAINING CONSENT 

 

(a) How will each participant’s consent be established? 

 

By signing and returning a Consent Form – see 4.4 

below 

�  By returning an anonymous survey  

Via a verbal agreement  Via a person with lawful authority to consent (eg. 

parent, doctor) – see 4.3(b) below 

 

Via a recorded agreement for interview  Other (Please describe in no more than 50 words): 

      

 

 

(b) If participants are unable to give informed consent, explain who will consent on their behalf 

and how such consent will be obtained. 

 

     Not applicable – participants must be able to give informed consent 

 

4.4 CONSENT FORM (IF APPLICABLE) 

 

CONFIRM THAT THE CONSENT FORM WILL: 

 YES NOT APPLICABLE 

1. be printed on University of Melbourne letterhead �   

2. include the title of the project and names of researchers �   
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3. state that the project is for research purposes �   

4. state that involvement in the project is voluntary and that 
participants are free to withdraw at any time, and free to withdraw 
any unprocessed identifiable data previously supplied 

�   

5. outline particular requirements of participants including, for 
example, whether interviews are to be audio and/or video-taped 

�   

6. include arrangements to protect the confidentiality of data  �   

7. include advice that there are legal limitations to data confidentiality 
(see below)** 

�   

8. (if the sample size is small) confirm that this may have implications 
for protecting the identity of the participants 

�   

9. (once signed and returned) be retained by the researcher �   

 

[**Re 7 – it is possible for data to be subject to subpoena, freedom of information request or mandated 

reporting by some professions. Depending on the research proposal you may need to specifically state and 

explain these limitations] 

 

 PLEASE ATTACH A COPY OF THE CONSENT FORM TO YOUR APPLICATION 

 

 

5. PRIVACY AND CONFIDENTIALITY 

5.1 ACCESSING PERSONAL INFORMATION  

[Personal Information’ includes names, addresses, or information/opinion about an individual whose identity is 
apparent, or can reasonably be ascertained, from the information/opinion. It also includes Health Information 
(e.g. health opinions, organ donation or genetic information) and Sensitive Information (e.g. political views, sexual 
preferences, criminal records)] 

Is there a requirement for the researchers to obtain Personal Information (either identifiable or 

potentially identifiable) about individuals without their consent?  

 YES NO 

a) from Commonwealth departments or agencies?  �  
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b) from State departments or agencies?  �  

c) from Other Third Parties, such as non-government organisations?  �  

  
If you answered YES to (a), (b) or (c), you will need to complete Module P and attach it to this 

application 

 
 

5.2 REPORTING PROJECT OUTCOMES 

 

(a) Will the project outcomes be made public at the end of the project?  

 

�  YES   (If YES, give details of how the results will be made public 

(eg in journal articles book, conference paper, the media, 

working paper or other).  If NO, explain why not.  

     The results will be published in a 

medical journal article and presented at 

conferences. I will as stated provide a plain 

English summary of research findings to 

participants who have indicated on their 

consent form that they wish to be informed 

of the overall study findings. 

 

 (b) Will a report of the project outcomes be made available to participants at the end of the 

project?  

 

�  YES   (If Yes, give details of the type of report and how it will be 

made available.  If No, explain why not.  

     Participants will have the option of 

receiving the overall study results through 

email or post. This will be established on 

the consent form. 

 

 

 

 

5.3 WILL THE RESEARCH INVOLVE: 

 

 YES NO 

• complete anonymity of participants (i.e., researchers will not know the identity of 
participants as participants are part of a random sample and are required to return 
responses with no form of personal identification)? 

 � 
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• de-identified samples or data (i.e., an irreversible process whereby identifiers are 
removed from data and replaced by a code, with no record retained of how the code 
relates to the identifiers.  It is then impossible to identify the individual to whom the 
sample of information relates)? 

 � 

• potentially identifiable samples or data (i.e., a reversible process in which the identifiers 
are removed and replaced by a code.  Those handling the data subsequently do so using 
the code.  If necessary, it is possible to link the code to the original identifiers and identify 
the individual to whom the sample or information relates)? 

�   

• participants having the option of being identified in any publication arising from the 
research? 

 �  

• participants being referred to by pseudonym in any publication arising from the 
research? 

 �  

• any other method of protecting the privacy of participants?  Please describe:         

   

Note that where the sample size is very small, it may be impossible to guarantee anonymity/confidentiality of 

participant identity.  Participants involved in such projects need to be clearly advised of this limitation in the Plain 

Language Statement. 
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6. DATA STORAGE, SECURITY AND DISPOSAL 

 

6.1 DATA STORAGE 

 
Does data storage comply with the University policy? [University of Melbourne Policy on the Management of Research 

Data and Records is available at:   http://www.unimelb.edu.au/records/research.html The Joint NHMRC/AVCC 

Statement and Guidelines on Research Practice is available at: 
http://www.nhmrc.gov.au/funding/policy/researchprac.htm ] 
 

�  YES   (If NO, please explain.) 

      

 

6.2 DATA SECURITY 

 

(a) Will the Principal Researcher be responsible for security of data collected?  

 

�  YES   (If NO, please provide further details.  You may also use this space to 

explain any differences between arrangements in the field, and on 

return to campus.) 

      

 

(b) Will data be kept in locked facilities in the Department through which the project is being 

conducted?  

 

�  YES   (If NO, please explain how and where data will be held, including any 

arrangements for data security during fieldwork.) 

      

 
(c)  Which of the following methods will be used to ensure confidentiality of data? 

(select all options that are relevant) 

  

• data and codes and all identifying information to be kept in separate locked filing cabinets  �  

• access to computer files to be available by password only �  

• access by named researcher(s) only �  

• other (please describe)        

 

(d)  Will others besides the researchers associated with this project have access to the raw data? 
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  �  NO (If YES, please explain who and for what purpose? 

 What is their connection to the project?) 

      

 

 

 

6.3 DATA RETENTION AND DISPOSAL 

 [Research data and records should be maintained for as long as they are of continuing value to the researcher and 

as long as recordkeeping requirements such as patent requirements, legislative and other regulatory 
requirements exist. The minimum retention period for research data and records is five years after publication, or 
public release, of the work of the research as stated in the University of Melbourne Code of Conduct for Research. If 
the project involves clinical trial(s), the data should be kept for a minimum of 15 years (refer to Section 12.1 of 
the National Statement for further details)] 

 
All data will be stored indefinitely which is the policy of our research unit. 

       
 
 

 

 

7. POTENTIAL CONFLICT OF INTEREST  

 

7.1 POTENTIAL CONFLICT OF INTEREST  

 

Is there any affiliation or financial interest for researchers in this research or its outcomes or any 

circumstances which might represent a perceived, potential or actual conflict of interest? 

 

  �  NO (If YES, give brief details?) 

      

 

 

[If you have declared a potential conflict of interest, you should include an appropriate comment on 

the Plain Language Statement and Consent Form] 
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7.2 COMPLIANCE WITH THE CODE OF CONDUCT FOR RESEARCH 

 

[University researchers must disclose and manage Conflict of Interest in accord with the provisions 

of the University’s Code of Conduct for Research. See 

http://www.unimelb.edu.au/ExecServ/Statutes/r171r8.html ] 

 

Is the Conflict of Interest noted above in section 7.1 being managed in accordance with the Code of 

Conduct? 

 

    �  Not Applicable 
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8. DECLARATION BY RESEARCHERS 

 

The information contained herein is, to the best of our knowledge and belief, accurate.  

 

I have read the University’s current human ethics guidelines, and accept responsibility for the conduct of the 

procedures set out in the attached application in accordance with the guidelines, the University’s Code of Conduct 

for Research and any other condition laid down by the University of Melbourne’s Human Research Ethics 

Committee or its Sub-Committees.  I have attempted to identify all risks related to the research that may arise in 

conducting this research and acknowledge our obligations and the rights of the participants. I have the 

appropriate qualifications, experience and facilities to conduct the research set out in the attached application 

and to deal with any emergencies and contingencies related to the research that may arise. 

 

If approval is granted, the project will be undertaken in strict accordance with the approved protocol and relevant 

laws, regulations and guidelines. 

 

I, the researcher(s) agree: 

• To only start this research project after obtaining final approval from the Human Research Ethics Committee 

(HREC); 

• To only carry out this research project where adequate funding is available to enable the project to be carried 

out according to good research practice and in an ethical manner; 

• To provide additional information as requested by the HREC; 

• To provide progress reports to the HREC as requested, including annual and final reports; 

• To maintain the confidentiality of all data collected from or about project participants, and maintain security 

procedures for the protection of privacy; 

• To notify the HREC in writing immediately if any change to the project is proposed and await approval before 

proceeding with the proposed change; 

• To notify the HREC in writing immediately if any adverse event occurs after the approval of the HREC has been 

obtained;  

• To agree to an audit if requested by the HREC; 

• To only use data and any tissue samples collected for the study for which approval has been given; 
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I have read the NH&MRC National Statement on Ethical Conduct in Research Involving Humans and agree to 

comply with its provisions. 

 

All researchers associated with this project must sign 

 

Researchers’ Name (please PRINT) Signature Date 

 

Katherine Fethers   

 

Catriona Bradshaw   

 

Jane Hocking   

 

Marcus Chen   

 

Marie Pirotta   

 

Christopher Fairley   
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9. DECLARATION BY DEPARTMENTAL HUMAN ETHICS ADVISORY GROUP (HEAG) 

 

DATE APPLICATION RECEIVED:      /     /      HEAG NO:       
 

 TECHNICAL REVIEW COMPLETED  ETHICAL REVIEW COMPLETED 

 

The HEAG has reviewed this project and considers the methodological/technical and ethical aspects of the 

proposal to be appropriate to the tasks proposed and recommends approval of the project. The HEAG considers 

that the researcher(s) has/have the necessary qualifications, experience and facilities to conduct the research set 

out in the attached application, and to deal with any emergencies and contingencies that may arise. [Note: If the 

HEAG Chair is also a principal researcher for this project, the declaration should be signed by another authorised member of 

the HEAG] 

 

 

Comments/Provisos:       

 

 

 

Name of HEAG Chair (in BLOCK LETTERS)  

 

Signature   

 

Date  
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10. DECLARATION BY HEAD OF DEPARTMENT  

 

DATE APPLICATION RECEIVED:      /     /      HEAG NO:       
 

 TECHNICAL REVIEW COMPLETED  ETHICAL REVIEW COMPLETED 
 

I have reviewed this project and consider the methodological, technical and ethical aspects of the proposal to be 

appropriate to the tasks proposed and recommend approval of the project. I consider that the researcher(s) 

has/have the necessary qualifications, experience and facilities to conduct the research set out in the attached 

application, and to deal with any emergencies and contingencies that may arise. [Note: If the Head of Department is 

also a principal researcher for this project, the declaration should be signed by another authorised member of the 

Department] 

 

 

This project has the approval and support of this Department/School/Centre. 

 

 

Name of Head (in BLOCK LETTERS)  

 

Signature   

 

Date  
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11. WHEN COMPLETE 

 

 

When this form has been completed and finalised it should be attached to the coversheet 

section of the application completed in Themis Research and then submitted to the 

nominated Human Ethics Advisory Group for review. 
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MODULE THREE:  

PROJECTS INVOLVING USE OF HUMAN TISSUE SAMPLES  

 

 

BEFORE YOU BEGIN 

Researchers should read Module Three: Projects Involving Use of Human Tissue Samples – 

Guidelines before completing this form. Please note that the 2005 version of this form replaces the 

previous version of Module Three as well as Module Four (Human Genetic Research). 

PROJECT TITLE: Vaginal Health Study 

 

HREC #:0719743.1 

 

1 Purposes For Which the Samples Will Be Used  

1.1 Indicate the purposes for which the samples in this research will be used (tick all that apply) 

 

� Diagnostic tests 

 Pharmacogenetic/pharmacogenomic tests 

 Genetic analysis 

 Genetic testing 

 Storage for future use in this research 

� Storage for future use in other research 

 Storage in a Tissue Bank (name the Tissue Bank:      ) 

 Other (please specify)________________________________ 
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2 Source of Human Tissue Samples 

2.1 What is the source of the sample/s you wish to use? (tick all that apply) 

�  Obtained from participants involved in this research project 

 Obtained from patients undergoing treatment who are not part of this research 
project 

 Obtained from a Tissue Bank  

 Obtained from tissue archives 

 Other (specify):         
  

 

2.2 Name the institution/s or organisation/s from which the sample/s is/are being obtained. 

Melbourne University students 

 

3 Nature and Volume 

3.1 What is the nature, volume and number of sample/s you wish to use and the purpose for 

which you wish to use them? Give details, for example: 20 x 10mls whole blood, 20 x 1ml 

blood plasma, arterial blood vessels 10mm length, uterine muscle 10mm x 2mm x 2mm, 20 

histology slides, 20 paraffin blocks. Two examples are given. 

PURPOSE NATURE VOLUME NUMBER 

Routine diagnostic Urine 10ml 40 

Additional to routine  Bowel tissue 5x2x2mm 10 

Diagnostic vaginal 

specimens at baseline and 

repeat  vaginal samples 

taken to detect BV 

incidence during follow-

up and also for storage 

for future testing 

Vaginal 

secretions 

collected by 

vaginal swab 

Standard cotton 

tipped swab 

(volume not 

applicable) 

500 swabs for cross-sectional study 

and then 3 monthly for women 

enrolled in the cohort – I estimate 

with 1 in 3 women enrolling in the 

cohort and 70% retention that I 

would collect another 468 swabs 

Total swab number for both trials = 

968 

 

4 Collection and Processing of Fresh Tissue 

4.1 By whom will the sample/s be collected and processed? An example is given. 
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TISSUE TYPE COLLECTED BY PROCESSED BY 

Bowel tissue Surgeon Site pathology lab 

Vaginal secretions Participant (self-collected) MSHC site pathology lab. All 

slides will be read by 

independent microscopist for 

the trial and swabs will be 

stored for in -70 freezers in the 

Department of Molecular 

Microbiology at the Royal 

Women’s Hospital.  

 

4.2 Will collection of the sample/s involve any increase in risk to the participant greater than the 

risk associated with the planned therapeutic/diagnostic procedure? 

 No �   

If Yes, give details. 

 

 

5 Consent to Use Fresh Tissue 

5.1 Will consent be obtained to use fresh tissue for this research? Yes �  

If Yes, will consent be sought to use fresh tissue: 

�  For this research only 

�  To be stored for a specific type of research 

 To be stored for research generally 

If No, justify why consent will not be sought. 

 

 

6 Consent to Use Stored Tissue (Banks/Archives) 

6.1 At the time of collection of the stored sample/s for which purpose/s was consent obtained? 

(Tick all that apply) – not applicable 

 Diagnostic/therapeutic use 

 Previously approved research project 

Specify HREC project # and institution:      

 Donor specified research 
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 Unspecified research (further consent required) 

 Unspecified research (no further consent required) 

 Unknown or for another specified purpose (elaborate below) 

 

 

6.2 Do you propose to obtain further consent from individual donors for your use of        

 their stored samples in this research?       

If No, provide justification for not seeking further consent. 

 

 

7 STORAGE OF SAMPLE/S AND DATA 

7.1 Give details of how you will ensure that all samples and/or data used in this research will be 

stored securely following collection.  

All swabs will be stored frozen at -80°C at the Molecular Microbiology 

department at the Royal Women’s Hospital (RWH). This laboratory is only 

accessible to the staff of the Molecular Microbiology Unit (security tag access 

only) and is secure during non-working hours and monitored with an alarm. 

Swabs will be labelled only with a unique identifier (code), date of birth and 

date of collection. Participants’ records will be kept in a locked cabinet at 

Melbourne Sexual Health Centre (MSHC), which can only be accessed by 

investigators. MSHC is protected by security alarms and monitored by a security 

company after hours. Participants’ records will be coded and locked and the 

identifying details kept separately from the records in a locked cabinet. Only 

study investigators will have access to the records and codes, which will be 

stored indefinitely, in accordance with the Alfred Hospital requirement. All 

electronic records files will be subject to the same security as hard copies, in 

addition to being password protected and will not be removed from MSHC. 

They will contain no patient identifiers. 
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7.2 Describe how you will monitor storage and use of the sample/s and/or data. 

All data will be stored in a password protected file so that only study 

investigators have access to the data. Samples will be stored securely in the 

laboratory of the Royal Women’s Hospital as outlined above and will not be 

identifiable.  Dr Sepehr Tabrizi in the department of Molecular Microbiology at 

the RWH is in charge of storage of samples in –80 freezers for a number our BV 

studies and has strict procedures in place to ensure secure storage of samples 

and no access beyond approved study investigators.  

8 Tissue Banking 

8.1 Does this research involve the collection of sample/s with the intent to establish or 

contribute to a Tissue Bank?        No �  

 

If Yes, give details regarding how the samples and data will be gathered, secured and 
released.  Include the name of the “keeper” of the bank. 

 

 

9 Genetic Register 

9.1 Does this research involve the collection of data with the intent to establish or contribute to a 

Genetic Register?       No �  

If Yes, give details regarding how the data will be gathered, secured and released.  Include the 
name of the “keeper” of the register. 

 

 

10 Cell Lines 

10.1 Does this research involve the development of one or more cell lines? 

 No �  

If Yes, give further details, including any anticipated commercial development and sharing of 

the cell line/s with other researchers. 
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11 Protection of Privacy  

11.1 In what form will the sample/s and/or data be supplied to the research team? 

Identified         

Coded (re-identifiable)     � yes 

De-identified (not identifiable, anonymous)   

 

11.2 If the sample/s and/or data will be identified or coded, how do you propose to protect the 

privacy of the donor with respect to recording, storage and release of the sample/s and/or 

data? 

Identifying information will only be on the consent forms and kept separately in a log in a 

locked filing cabinet within a separate office as is standard practice at Melbourne Sexual 

Health Centre. Staff working on the project will therefore only have data and samples 

stored by code, date of birth and dates of collection.  Laboratory staff who are responsible 

for specimen storage will not have access to this identifying data. 

 

11.3 Will the sample/s and/or data collected and used be destroyed once the research is 

completed?          No �  

 

 

If No, explain why the sample/s and/or data will not be destroyed, and who will have access 

to them in the future. 

Women will be asked to consent to storage of their samples for future BV research by our 

research team.  Data and samples will be stored coded only and not with any personal 

identifying information. Future research studies can only be conducted with the 

involvement and approval of current investigators and would not involve any access to 

personal identifying information.  

 

11.4 Will medical records or other data sources be accessed to obtain information to be stored 

and/or used in association with the samples?   No �  

If Yes, provide details regarding how privacy issues will be addressed (or refer to relevant 

sections of your application). 
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12 Genetics 

12.1 Does the proposed research involve any form of 

(a) Analysis of genetic material  No �   

(b) Genetic testing    No �  

If Yes to (b), complete questions 12.2 – 12.4. 

If No to (b), proceed to question 13. 

 

12.2 Does the testing involve participation of the following: 

(a)  Specific research participants Yes �  

(b)  Families    No � 

If Yes to families, outline the arrangements for obtaining consent from the family member/s 

(refer to National Statement 16.10). 

 

 

12.3 Does the proposed research require confirmation of information provided by  research 

participants about their families?      No � 

If Yes, outline the arrangements for obtaining verification and/or consent from the family 

member/s. 

 

 

12.4 Does the proposed research have the potential to generate information that may: 

(a)  Be relevant to the health of family members who are not part of this study?  

  No � 

 

(b) Result in potential harm to individuals or their families or particular groups of people? 

   No � 

(c) Reveal information about an identifiable participant’s future health or risk of having children 

with a genetic disorder? 

 No � 
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(d) Identify non-paternity, non-maternity or non-relationship to siblings?   

  No � 

 

If the answer to any of 12.4 is Yes , explain how you will manage this information. 

 

 

If the answer to any of 12.4 is Yes, describe how qualified genetic counselling will be made available 

to participants and/or family members.  (Refer to National Statement chapter 16) 

 

 

13 Cultural or Religious Sensitivities 

13.1 Are there cultural or religious sensitivities to be considered in relation to the collection use 

and/or storage of the tissue sample/s?      No �  

If Yes, what are they and how will they be managed? 

 

 

14 Institutional Policy  

14.1 Does the research conform to policy at the relevant institution/s regarding the use of tissue 

samples for research?        

 Yes �  

 

15 Post-Study 

15.1 Is the tissue research likely to produce information relevant to the health and well-being of 
the donor?          
 Yes � If Yes, give details.  

The participant will be contacted if their vaginal swab detected bacterial vaginosis and 

information including access to medical treatment will be provided 

With respect to stored samples it is unclear how relevant any future research involving 

these samples will be to participants’ health and wellbeing at that stage. Improved 

understanding about the aetiology of BV may benefit the participants of this study in the 

future. All participants will be able to nominate on their consent forms if they wish to 

receive results of future research involving their samples. 
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If No, do not complete questions 15.2 -15.4; go to question 15.5. 

 

15.2 Will this information be made available to the donor?    
   Yes �  

 

If Yes, who will be responsible for communicating this information to participants and how 
will this information be communicated (eg telephone call, individual letter, copy of 
publication, consultation with a medical practitioner or other)? 

Give details: 

The primary researcher will be responsible for contacting all women who have bacterial 

vaginosis detected in their vaginal swab. The participant will identify how they want to be 

contacted (phone, email etc) on their consent form.  

 

If No, explain why you will not be contacting research participants. 

 

 

15.3 Where will this information be stored (eg in the research files , with the  participant’s 
medical record)? 

Data obtained during follow-up, from completion of questionnaires  and from any future 

research involving the samples will only be stored in the research files.  

 

15.4 Have all of the relevant points above been addressed in the Participant Information and 
Consent Form? (Note: the HREC will normally require this).   Yes �   

If No, provide details and explain why specific information has not been included. 

 

 

15.5 Specify the procedure/s to be followed if a participant, or a relative of a living or deceased 
participant, requests access to stored samples or data generated by this research. 

Data generated by this research will be available in both peer-reviewed journals and in a 

plain language summary that will be freely accessible to participants and non-participants, 
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and will contain no identifying information. Access to data and stored genital samples by 

relatives is considered to be an extremely unlikely event in this particular study of bacterial 

vaginosis; however if this was requested and the participant was living then investigators 

would only release data or samples to the participant or with the participants consent. In 

the event that the participant was not able to consent or was not living, then I would seek 

the advice of the Melbourne University Human Ethics office. 
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Appendix 18: FUSS baseline participant information and consent form  

Full Project Title: Vaginal Health Study (VHS) 

Principal Researchers: Katherine Fethers and Catriona Bradshaw  

1. Introduction 

You are invited to take part in this research project. This is because you are a female aged between 

17-21 years of age at Melbourne University. The research project aims to understand how common 

a genital infection called bacterial vaginosis (BV) is in young Australian women, and how it may be 

related to certain practices or factors such as contraceptive use. I hope this research will led to 

improvements in treatment for BV.  

This Participant Information and Consent Form tells you about the research project. It explains 

what is involved to help you decide if you want to take part. Please read this information carefully. 

Ask questions about anything that you don’t understand or want to know more about. Before 

deciding whether or not to take part, you might want to talk about it with a relative, friend or your 

local health worker. 

Participation in this research is voluntary. If you don’t wish to take part, you don’t have to. If you 

decide you want to take part in the research project, you will be asked to sign the consent section. 

By signing it you are telling us that you: 

• understand what you have read;  

• consent to take part in the research project. 

You will be given a copy of this Participant Information and Consent Form to keep. 

2. What is the purpose of this research? 

The purpose of this project is to understand how common BV is in young women in Australia and 

how it is related to sexual activity and other factors such as contraceptives. In BV a woman’s usual 

healthy vaginal bacteria (in particular lactobacillus bacteria) are replaced by an overgrowth of 

mixed bacteria. BV is common, and studies have shown it affects 10-30% of women in countries 

such as the United Kingdom and United States. However, I do not know how common it is in 

Australian women. BV may cause symptoms of an abnormal vaginal discharge or odour (smell). 

However, more than half the women with BV do not have any symptoms so are often unaware of 

the infection. In most women BV has no complications, but it can cause miscarriage, premature 

birth and pelvic infections, and can increase a woman’s risk of getting sexually transmitted 

infections (STIs). Current recommended treatment for BV is with oral or vaginal antibiotics. Studies 
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have shown that while these treatments cure 70-80% of women within a month, up to half 

experience recurrence of BV within 6 months of treatment. Importantly, I don’t know why this 

happens. Some previous studies suggest BV may be related to sexual activity or even be sexually 

transmitted, however this remains unproven. Our research aims to understand how BV is related to 

sexual activity in order to develop more effective treatment and to prevent the complications 

associated with BV for women.   

I will be asking 500 women aged 17-21 years of age to participate in this study at Melbourne 

University. The results of this research will be used by the researcher Katherine Fethers to obtain a 

PhD in medicine. 

3. What does participation in this research involve? 

Participation in this project will involve completing a questionnaire that will be coded and does not 

have your name on it. I will be asking you personal questions so that I can understand how BV 

develops and is spread between people. The questionnaire takes 5 to 10 minutes to complete. I will 

ask you to collect a swab from the vagina in the privacy of a toilet. Studies have shown that women 

find this easy and acceptable, and often prefer it to a doctor taking a swab. I will give you clear 

written instructions on how to collect a swab. It will only take a minute and this swab will be tested 

for BV. I will ask you on your consent form how you would like to be told about your result. If you 

have BV I will then arrange for you to have antibiotic treatment either through our clinical service, 

Melbourne Sexual Health Centre (MSHC) or through your GP if you prefer. I will give you a free 

study number to phone us to discuss any concerns about sexual health, including BV and STIs. I will 

be able to arrange for you to be reviewed at MSHC, a confidential service near the university that 

provides STI and HIV testing, and medication for free if it is required. In recognition of the time and 

commitment to the study I will be giving women a Coles-Myer voucher for $25. 

This study is the initial part of a longer study where I would like to follow women at intervals over a 

year to see how many women develop BV and what factors or practices may be related to the 

development of BV. I will ask you to tell us on your consent form whether you agree to be contacted 

by a researcher to discuss participating in this longer study. If you do not wish to participate in the 

longer study then you will be able to tell us on your consent form, but you can still participate in the 

short study today.  

I will also ask you on the consent form whether you agree to storage of your swab in a laboratory 

freezer for future testing for known or possible causes of BV. I do not understand the cause of BV, 

and if research in the future shows it may be a newly discovered micro-organism (eg bacteria or 

virus), then I would like to be able to test stored samples from this study. Again if you do not wish 

us to do this you will be able to tell us on the consent form and still participate in the study today. 
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4. What are the possible benefits? 

Possible benefits for you personally from involvement in this study include being tested for BV and 

access to expert advice regarding sexual health. Researchers in this study are physicians who have 

a particular expertise in sexual health. I will provide a free number for you to discuss any sexual 

health concerns you may have, and I can arrange for you to be seen by a doctor at MSHC if that is 

needed. If you chose to participate in the longer one year study then I will be able to tell you 

whether BV occurs using a convenient home-based method. I will be able to arrange immediate 

treatment at any stage for BV if needed. Participation in this study may not give you any personal 

benefit other than knowing that you are involved in a study that is part of improving current 

treatment of BV for women.  

5. What are the possible risks? 

Self-collection of vaginal swabs is a simple and painless procedure. This method has been used in 

numerous studies and in situations where women prefer to not to be examined. I will provide clear 

instructions and diagrams and there is no risk associated with this procedure. Participants will be 

asked to complete questionnaires during the study that include questions on sexual practices. This 

information is sensitive, and the sole purpose of these questions is to try and understand how 

sexual activity may lead to the development or spread of BV. The nature of the questionnaires will 

be discussed with you at enrolment by a female researcher who recognises the personal and 

sensitive nature of these questions. If you become upset or distressed as a result of your 

participation in this research, I will be able to arrange for you to have counselling or other 

appropriate support. Any counselling or support will be provided by staff who are not members of 

the research team. I have trained counsellors in place at MSHC, but I have also provided contact 

information for the experienced counsellors at the Centre against Sexual Assault (CASA) below if 

you have had any unwanted sexual experiences including sexual assault in the past and have not 

received counselling or medical review and wish to do so. The toll free number for the Centre 

Against Sexual Assault is 1800 806 292. 

Your confidential information will be respected and protected. This information will be stored with 

a code only and information linking the code with your personal identity will be kept separately in a 

locked cabinet in a different room and accessible only to study investigators. Your personal 

identifying information will only be used to give you your results.  

There may be additional unforeseen or unknown risks that have not been mentioned in this 

information brochure. 

6. Do I have to take part in this research project? 



341 
 

Participation in any research project is voluntary. If you do not wish to take part you do not have to. 

If you decide to take part and later change your mind, you are free to withdraw from the project at a 

later stage. If you decide to withdraw, please notify a member of the research team. This notice will 

allow the person or the research supervisor to inform you if there are any special requirements 

linked to withdrawing. If you decide to leave the project, the researchers would like to keep (the 

personal and health information about you) that have been collected. This is to help them make 

sure that the results of the research can be measured properly. If you do not want them to do this, 

you must tell them before you withdraw from the research project. Your decision whether to take 

part or not, or to take part and then withdraw, will not affect your relationship with the researchers 

or Melbourne University. 

7. How will I be informed of the final results of the project? 

Participants will be told if BV has been detected within a fortnight of the swab being collected. 

When the study is complete will be look at how common BV is in the whole study group, and 

whether specific practices are related to BV. I expect the overall results to be available a year after I 

start the study. I plan to publish these results in a medical journal, but they will be published in 

such a way that no person can be identified (eg. 5% of 500 women had BV).  Following completion 

of the project, a copy of the overall results can be made available to you.  Please indicate if you 

would like this on the Consent Form.  

8. What will happen to information about me? 

Any information obtained in connection with this research 

project that can identify you will remain confidential and will only 

be used for the purpose of providing you with your swab result. 

Your information can only be disclosed with your permission, 

except as required by law. Your questionnaires will be labelled 

with a code, date of collection and date of birth only. A listing 

connecting your name with this code will be stored in a locked 

cupboard, available only to research staff in the research unit. 

Data will be stored indefinitely in accordance with the Melbourne 

University policy on the management of research data and 

records. I plan to publish the findings of this study in a medical 

journal and present them at medical conferences, so that other 

doctors will understand the results. This will be done in a manner 

that pools all the results – no individual could be identified.  
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9. Can I access research information kept about me? 

In accordance with relevant Australian and/or Victorian privacy 

and other relevant laws, you have the right to access the 

information collected and stored by the researchers about you.  

Please contact one of the researchers named at the end of this 

document if you would like to access your information. Further, in 

accordance with regulatory guidelines, the information collected 

in this research project will be kept for a minimum of 5 years 

after publication. You must be aware that the information may 

become de-identified at some point and access to information 

about you after this point will not be possible. 

10. Is this research project approved? 

The ethical aspects of this research project have been approved 

by the Human Research Ethics Committee of the University of 

Melbourne.  This project will be carried out according to the 

National Statement on Ethical Conduct in Research Involving 

Humans (2007) produced by the National Health and Medical 

Research Council of Australia. This statement has been developed 

to protect the interests of people who agree to participate in 

human research studies. 
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11. Consent 

I have read this document, VHS Version 1.2, dated 1 November 2007, and I understand the purposes, 

procedures and risks of this research project as described within it. 

I have had an opportunity to ask questions and I am satisfied with the answers I have received. 

I freely agree to participate in this research project as described.  

I understand that I will be given a signed copy of this document to keep. 

I understand that the researcher has agreed not to reveal my identity and personal details if 

information about this project is published or presented in any public form.   

Please indicate how you would prefer to be contacted in this study by ticking a box and giving us 

your contact the details (give more than one option if possible so I can be sure that I notify you if BV is 

detected. If you can, write number 1, 2 or 3 next to each of the options to indicate the order you prefer 

to be contact in) 

� Mobile or telephone number………………………………………………………………………….. 

� Email ………………………………………………………………………………………………………………. 

� Post………………………………………………………………………………………………………………….. 

………………………………………………………………………………………………………………………………….. 

I consent to be contacted by a researcher to discuss possible involvement in a longer trial of BV

     �  Yes  �  No 

I consent to the storage and use of vaginal swabs provided by me for use in further research as 

described in this Participant Information 

�  Yes  �  No 

I would like to be sent a copy of the overall study findings at the end of the study   

   �  Yes  �  No 

If so please tick your preferred method of contact     �  post         or         �  email 

Participant’s Name (printed) …………………………………………………………………………………………… 

Signature        Date 

 

Declaration by researcher: I have given a verbal explanation of the research project, its procedures 

and risks and I believe that the participant has understood that explanation. 
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Researcher’s Name (printed) …………………………………………………………………………………………… 

Signature        Date 

 

12. Who can I contact? 

Who you may need to contact will depend on the nature of your query, therefore, please note the 

following: 

a) If you want any further information concerning this project, or if you have any questions at any 

stage, you can contact the principal researcher on Dr Katherine Fethers on 93416247 or Dr 

Catriona Bradshaw 9341 6253 

You can also contact us for free on 1800 ……….. (Study number yet to be allocated) 

b) If you have any complaints about any aspect of the project, the way it is being conducted or any 

general questions about being a research participant, then you may contact:  Executive Officer, 

Human Research Ethics, The University of Melbourne, ph: 8344 2073; fax 9347 6739. 
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Appendix 19: FUSS cohort participant information and consent form  

Sexual Health Unit, School of Population Health, University of Melbourne 

Full Project Title: Vaginal Health Study (VHS): One year Cohort Study  

Principal Researchers: Katherine Fethers and Catriona Bradshaw  

1. Introduction 

I are asking you to participate in our follow up Vaginal Health Study (VHS) because you agreed to 

be contacted when completing our baseline VHS questionnaire.  

The research project aims to understand how common a genital infection called bacterial vaginosis 

(BV) is in young Australian women, and how it may be related to certain practices or factors such as 

contraceptive use. I hope this research will led to improvements in treatment for BV for women.  

This Participant Information and Consent Form tells you about the on going research project. It 

explains what is involved to help you decide if you want to take part. 

Please read this information carefully. Ask questions about anything that you don’t understand or 

want to know more about. Before deciding whether or not to take part, you might want to talk 

about it with a relative, friend or your local health worker. 

Participation in this research is voluntary. If you don’t wish to take part, you don’t have to. If you 

decide you want to take part in the research project, you will be asked to sign the consent section. 

By signing it you are telling us that you: 

• understand what you have read;  

• consent to take part in the research project. 

You will be given a copy of this Participant Information and Consent Form to keep. 

2. What is the purpose of this research? 

This aim of this study is to see how many women develop BV over a year and also what factors or 

practices may be associated with the development of BV. You have participated in the first phase of 

this study already and will be familiar with much of the following information. In BV a woman’s 

usual healthy vaginal bacteria (in particular lactobacillus bacteria) are replaced by an overgrowth 

of mixed bacteria. BV is a common condition, and studies have shown it affects 10-30% of women 

in countries such as the United Kingdom and United States. However I do not know how common it 

is in Australian women. BV may cause symptoms of an abnormal vaginal discharge or odour 

(smell). However, more than half the women with BV do not have any symptoms so are often 



346 
 

unaware of the infection. In most women BV has no complications, but it can cause miscarriage, 

premature birth and pelvic infections, and can increase a woman’s risk of getting sexually 

transmitted infections. The current recommended treatment for BV is with antibiotics, either 7 

days of metronidazole tablets by mouth or 7 days of a vaginal clindamycin cream.  Studies have 

shown that these treatments cure 70-80% of women within a month; however, up to half 

experience another case of BV within 6 months of treatment. Importantly, I don’t know why this 

happens. Some previous studies suggest BV may be related to sexual activity or even be sexually 

transmitted, however this remains unproven. Our research aims to understand how common BV is 

and how it may be related to sexual activity in order to then develop more effective treatment and 

to prevent the complications associated with BV for women.   

The results of this research will be used by the researcher Katherine Fethers to obtain a PhD in 

medicine. 

3. What does participation in this research involve? 

You have already participated in the first phase of our Vaginal Health Study and agreed on the 

consent form to be contacted by us about participating in a one year study. One of the researchers 

has already spoken with you on the phone or by email and discussed this one year study. This 

document is intended to provide you with more detail about this longer study. Participation 

involves contact with us at 3 monthly intervals over a year, so on four occasions. In this study I will 

not need to see you in person, everything will be posted to you, and can be completed at home and 

returned to us by post. Every three months I will send you a pack containing a questionnaire, a 

swab, a slide, a reply-paid envelope and clear instructions. I will ask you to fill out the 

questionnaire, it is coded and does not have your name on it and is very similar to the one you have 

already done. It will take less than 10 minutes to complete. Like last time, I will ask you personal 

questions so that I can understand how BV may develop. The next step will be to collect a vaginal 

swab and smear the glass slide. I will give you clear written instructions again on how to collect a 

swab, it is the same process as last time and will only take a minute. This swab will be tested for BV. 

I will provide a prepaid envelope to post the swab, slide and questionnaire back to us. I will contact 

you if I detect BV on the swab, and will arrange for you to have treatment. If I have not received the 

swab, slide and questionnaire in the post then I will remind you weekly for 3 weeks.  

I will give you a free study number to phone us to discuss any concerns about sexual health, 

including BV and sexually transmitted infections. I will be able to arrange for you to be reviewed at 

Melbourne Sexual Health Centre, a confidential service near the university that provides STI and 

HIV testing, and medication for free if it is required. In recognition of the time and commitment to 

the study I will be giving you a Coles-Myer voucher for $25 at 6 months and again at 12 months at 

the end of the study. 
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I will also ask you on the consent form whether you agree to storage of the swabs collected during 

this study in a laboratory freezer for future testing for known or possible causes of BV. I do not 

understand the cause of BV, and if research in the future shows it may be a newly discovered micro-

organism (eg bacteria or virus), then I would like to be able to test stored samples from this study. 

Again if you do not wish us to do this you will be able to tell us on the consent form and still 

participate in the study today. 

4. What are the possible benefits? 

Possible benefits for you personally from involvement in this study include being tested for BV 

regularly over one year and access to expert advice regarding sexual health. The researchers in this 

study are physicians who have a particular expertise in sexual health. I will provide a free number 

for you to call to discuss any sexual health concerns you may have, and I can then arrange for you to 

be seen by a doctor at MSHC if that is needed, or refer you back to your GP if you prefer. If you 

choose to participate in this longer one year study then I will be able to tell you whether BV occurs 

using a convenient home-based test. I will be able to arrange immediate treatment at any stage for 

BV if needed. Participation in this study may not give you any personal benefit other than knowing 

that you are involved in a study that is part of improving current treatment of BV for women.  

5. What are the possible risks? 

Self-collection of vaginal swabs is a simple and painless procedure. This method has been used in 

numerous studies and in situations where women prefer to not to be examined. I will provide clear 

instructions and diagrams and there is no risk associated with this procedure. Participants will be 

asked to complete questionnaires during the study that include questions on sexual practices. This 

information is sensitive, and the sole purpose of these questions is to try and understand how 

sexual activity may lead to the development or spread of BV. The nature of the questionnaires will 

be discussed with you at enrolment by a female researcher who recognises the personal and 

sensitive nature of these questions. If you become upset or distressed as a result of your 

participation in this research, I will be able to arrange for you to have counselling or other 

appropriate support. Any counselling or support will be provided by staff who are not members of 

the research team. I have trained counsellors in place at MSHC, but I have also provided contact 

information for the experienced counsellors at the Centre against Sexual Assault (CASA) below if 

you have had any unwanted sexual experiences including sexual assault in the past and have not 

received counselling or medical review and wish to do so. The toll free number for the Centre 

Against Sexual Assault is 1800 806 292. 

Your confidential information will be respected and protected. This information will be stored with 

a code only and information linking the code with your personal identity will be kept separately in a 
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locked cabinet in a different room and accessible only to study investigators. Your personal 

identifying information will only be used to give you your results.  

There may be additional unforeseen or unknown risks that have not been mentioned in this 

information brochure. 

6. Do I have to take part in this research project? 

Participation in any research project is voluntary. If you do not wish to take part you do not have to. 

If you decide to take part and later change your mind, you are free to withdraw from the project at a 

later stage. If you decide to withdraw, please notify a member of the research team. This notice will 

allow that person or the research supervisor to inform you if there are any special requirements 

linked to withdrawing. If you decide to leave the project, the researchers would like to keep (the 

personal and health information about you) that have been collected. This is to help them make 

sure that the results of the research can be measured properly. If you do not want them to do this, 

you must tell them before you withdraw from the research project. Your decision whether to take 

part or not, or to take part and then withdraw, will not affect your relationship with the researchers 

or Melbourne University. 

7. How will I be informed of the final results of the project? 

Participants will be told if BV has been detected within a fortnight of each swab being collected. 

When the study is complete will be look at how commonly BV developed over one year in the whole 

study group. I expect the overall results to be available within 6 months of completion of the study. 

I plan to publish these results in a medical journal, but they will be published in such a way that no 

person can be identified (eg. 5% of 500 women developed BV over one year).  Following 

completion of the project, a copy of the overall results can be made available to you.  Please indicate 

if you would like this on the Consent Form.  

8. What will happen to information about me? 

Any information obtained in connection with this research 

project that can identify you will remain confidential and will only 

be used for the purpose of providing you with your swab result. 

Your information can only be disclosed with your permission, 

except as required by law. Your questionnaires will be labelled 

with a code, date of collection and date of birth only. A listing 

connecting your name with this code will be stored in a locked 

cupboard, available only to research staff in the research unit. 

Data will be stored indefinitely in accordance with the Melbourne 



349 
 

University policy on the management of research data and 

records. I plan to publish the findings of this study in a medical 

journal and present them at medical conferences, so that other 

doctors will understand the results. This will be done in a manner 

that pools all the results – no individual could be identified.  

 

9. Can I access research information kept about me? 

In accordance with relevant Australian and/or Victorian privacy 

and other relevant laws, you have the right to access the 

information collected and stored by the researchers about you.  

Please contact one of the researchers named at the end of this 

document if you would like to access your information. Further, in 

accordance with regulatory guidelines, the information collected 

in this research project will be kept for a minimum of 5 years 

after publication. You must be aware that the information may 

become de-identified at some point and access to information 

about you after this point will not be possible. 

10. Is this research project approved? 

The ethical aspects of this research project have been approved 

by the Human Research Ethics Committee of the University of 

Melbourne. This project will be carried out according to the 

National Statement on Ethical Conduct in Research Involving 

Humans (2007) produced by the National Health and Medical 

Research Council of Australia. This statement has been developed 

to protect the interests of people who agree to participate in 

human research studies. 
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11. Consent 

I have read this document, VHS Cohort Version 1.2, dated 1 November 2007, and I understand the 

purposes, procedures and risks of this research project as described within it. 

I have had an opportunity to ask questions and I am satisfied with the answers I have received. 

I freely agree to participate in this research project as described.  

I understand that I will be given a signed copy of this document to keep. 

I understand that the researcher has agreed not to reveal my identity and personal details if 

information about this project is published or presented in any public form.   

Please indicate how you would prefer to be contacted in this study by ticking a box and giving us 

your contact the details (give more than one option if possible so I can be sure that I notify you if BV is 

detected. If you can, write number 1, 2 or 3 next to each of the options to indicate the order you prefer 

to be contacted in) 

� Mobile or telephone number………………………………………………………………………….. 

� Email ………………………………………………………………………………………………………………. 

� Post………………………………………………………………………………………………………………….. 

………………………………………………………………………………………………………………………………….. 

I consent to the storage and use of vaginal swabs provided by me for use in further research as 

described in this Participant Information 

�  Yes  �  No 

I would like to be sent a copy of the overall study findings at the end of the study   

   �  Yes  �  No 

If so please tick your preferred method of contact     �  post         or         �  email 

Participant’s Name (printed) …………………………………………………………………………………………… 

Signature        Date 

 

Declaration by researcher: I have given a verbal explanation of the research project, its procedures 

and risks and I believe that the participant has understood that explanation. 

Researcher’s Name (printed) …………………………………………………………………………………………… 

Signature        Date 
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12. Who can I contact? 

Who you may need to contact will depend on the nature of your query, therefore, please note the 

following: 

a) If you want any further information concerning this project, or if you have any questions at any 

stage, you can contact the principal researcher on Dr Katherine Fethers on 93416247 or Dr 

Catriona Bradshaw 9341 6253 

 

You can also contact us for free on 1800 ……….. (Study number yet to be allocated) 

 

b) If you have any complaints about any aspect of the project, the way it is being conducted or any 

general questions about being a research participant, then you may contact:  Executive Officer, 

Human Research Ethics, The University of Melbourne, ph: 8344 2073; fax 9347 6739. 

 

  



352 
 

Appendix 20: FUSS participant information summary 

Sexual Health Unit, School of Population Health, University of Melbourne 

Full Project Title: Vaginal Health Study (VHS) 

Principal Researchers: Katherine Fethers and Catriona Bradshaw  

1. Introduction 

You are invited to take part in this research project. This is because you are a female aged between 

17-21 years of age at Melbourne University. The research project aims to understand how common 

a genital infection called bacterial vaginosis (BV) is in young Australian women, and how it may be 

related to certain practices or factors such as contraceptive use. I hope this research will led to 

improvements in treatment for BV for women.  

For further information please read the extended participant information consent form. Ask 

questions about anything that you don’t understand or want to know more about.  

2. What is the purpose of this research? 

The purpose of this project is to understand how common BV is in young women in Australia and 

how it is related to sexual activity and other factors such as contraceptives. In BV a woman’s usual 

healthy vaginal bacteria (in particular lactobacillus bacteria) are replaced by an overgrowth of 

mixed bacteria. BV is a common condition, and studies have shown it affects 10-30% of women in 

countries such as the United Kingdom and United States. However I do not know how common it is 

in Australian women. BV may cause symptoms of an abnormal vaginal discharge or odour (smell). 

However, more than half the women with BV do not have any symptoms so are often unaware of 

the infection.  

I will be asking 500 women aged 17-21 years of age to participate in this study at Melbourne 

University.  

The results of this research will be used by the researcher Katherine Fethers to obtain a PhD in 

medicine. 

3. What does participation in this research involve? 

Participation in this project will involve completing a questionnaire that will be coded. It will not 

have your name on it. I will be asking you personal questions so that I can understand how BV may 

develop or be spread between people. I will ask you to collect a swab from the vagina in the privacy 

of a toilet. I will give you clear written instructions on how to collect a swab. It will only take a 
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minute and this swab will be tested for BV. I will ask you on your consent form how you would like 

to be told about your result.  

In recognition of the time and commitment to the study I will be giving women who participate in 

the study a Coles-Myer voucher for $25. 

This study is the initial part of a longer study where I would like to follow women at intervals over a 

year. I will ask you to tell us on your consent form whether you agree to also be part of this longer 

study.  In this study I will not need to visit you. I will ask you to complete the same questionnaires 

and to collect a swab at home and to post it back into us. I will also ask you on the consent form 

whether you agree to storage of your swab in a laboratory freezer for future testing for known or 

possible causes of BV.  

4. What are the possible benefits? 

Possible benefits for you personally from involvement in this study include being tested for BV and 

access to expert advice regarding sexual health. The researchers in this study are physicians who 

have a particular expertise in sexual health. I will provide a free number for you to call to discuss 

any sexual health concerns you may have, and I can then arrange for you to be seen by a doctor at 

MSHC if that is needed, or refer you back to your GP if you prefer.  

5. What are the possible risks? 

There are no likely risks from being involved in this study. The nature of the questionnaires will be 

discussed with you at enrolment. If you become upset or distressed as a result of your participation 

in this research, I will be able to arrange for you to have counselling or other appropriate support. 

Any counselling or support will be provided by staff who are not members of the research team. I 

have trained counsellors in place at MSHC, but I have also provided contact information for the 

Centre against Sexual Assault (CASA) below if you have had any unwanted sexual experiences in the 

past and have not received counselling or medical review and wish to do so.  

The toll free number for the Centre Against Sexual Assault is 1800 806 292. 

Your confidential information will be respected and protected. This information will be stored with 

a code only and identifying information will be kept in a locked cabinet in a separate room and 

accessible only to study investigators. Your personal identifying information will only be used to 

give you your results.  

There may be additional unforeseen or unknown risks that have not been mentioned in this 

information brochure. 

6. Do I have to take part in this research project? 
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Participation in any research project is voluntary.  

7. What will happen to information about me? 

Any information obtained in connection with this research 

project that can identify you will remain confidential and will only 

be used for the purpose of this research project.  

8. Can I access research information kept about me? 

In accordance with relevant Australian and/or Victorian privacy 

and other relevant laws, you have the right to access the 

information collected and stored by the researchers about you.  

Please contact one of the researchers named at the end of this 

document if you would like to access your information. 

9. Is this research project approved? 

The ethical aspects of this research project have been approved 

by the Human Research Ethics Committee of the University of 

Melbourne.   
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Appendix 21: FUSS 24 month follow up information and consent form 

Sexual Health Unit, School of Population Health, University of Melbourne 

Full Project Title: Female University Student Study: Two year Cohort Study  

Principal Researchers: Katherine Fethers and Catriona Bradshaw  

1. Introduction 

We are asking you to participate in a second year of follow up in the Female 

University Student Study (FUSS).  

As you have participated in this research before you will be familiar with the 

purpose of this study and the procedure. In summary, the research project aims to 

understand how common a genital infection called bacterial vaginosis (BV) is in 

young Australian women, and how it may be related to different types of sexual 

activity or factors such as contraceptive use. We hope this research will lead to 

improvements in treatment for BV.  

This Participant Information and Consent Form tells you about the on going 

research project. It explains what is involved to help you decide if you want to take 

part. 

Please read this information carefully. Ask questions about anything that you don’t 

understand or want to know more about. Before deciding whether or not to take 

part, you might want to talk about it with a relative, friend or your local health 

worker. 

Participation in this research is voluntary. If you don’t wish to take part, you don’t 

have to. If you decide you want to take part in the research project, you will be 

asked to sign the consent section. By signing it you are telling us that you: 

• understand what you have read;  

• consent to take part in the research project. 

You will be given a copy of this Participant Information and Consent Form to keep. 
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2. What is the purpose of this research? 

You have participated in the first phase of this study already and will be familiar 

with much of the following information. The aim of this study is to see how many 

women develop BV over this second year and also what factors or practices may be 

associated with the development of BV. In BV a woman’s usual healthy vaginal 

bacteria (in particular lactobacillus bacteria) are replaced by an overgrowth of 

mixed bacteria. BV is a common condition, and studies have shown it affects 10-

30% of women in countries such as the United Kingdom and United States. 

However we do not know how common it is in Australian women. BV may cause 

symptoms of an abnormal vaginal discharge or odour (smell). However, more than 

half the women with BV do not have any symptoms so are often unaware of the 

infection. In most women BV has no complications, but it can cause miscarriage, 

premature birth and pelvic infections, and can increase a woman’s risk of getting 

sexually transmitted infections. The current recommended treatment for BV is with 

antibiotics, either 7 days of metronidazole tablets by mouth or 7 days of a vaginal 

clindamycin cream.  Studies have shown that these treatments cure 70-80% of 

women within a month; however, up to half experience another case of BV within 6 

months of treatment. Importantly, we don’t know why this happens. Some previous 

studies suggest BV may be related to sexual activity or even be sexually 

transmitted, however this remains unproven. Our research aims to understand how 

common BV is and how it may be related to sexual activity in order to then develop 

more effective treatment and to prevent the complications associated with BV for 

women.   

The results of this research will be used by the researcher Katherine Fethers to 

obtain a PhD in medicine. 

3. What does participation in this research involve? 

You have already participated in the first phase of our Female University Student 

Study. One of the researchers has already spoken with you on the phone or by 

email and discussed this second year of followup. This document is intended to 

provide you with more detail about this second phase of the study. Participation 

involves only one further FUSS assessment 24 months after you first enrolled in the 

study,  and it will involve completing a questionnaire and self collecting a vaginal 

swab and smearing a slide. As in the first phase of the study, we will not need to 

see you in person, everything will be posted to you, and can be completed at home 

and returned to us by post. We will send you a pack containing a questionnaire, a 

swab, a slide, a reply-paid envelope and clear instructions. We will ask you to fill 

out the questionnaire either the paper copy or online, it is coded and does not have 

your name on it and is very similar to the one you have already done but asks you 

about practices over the previous year. It will take less than 10 minutes to 

complete. Like last time, we will ask you personal questions so that we can 

understand how BV may develop. The next step will be to collect a vaginal swab 

and smear the glass slide. We will give you clear written instructions again on how 

to collect a swab, it is the same process as last time and will only take a minute. 

This swab will be tested for BV. We will provide a prepaid envelope to post the 

swab, slide and questionnaire back to us. We will contact you if we detect BV on the 
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swab, and will arrange for you to have treatment. If we have not received the 

swab, slide and questionnaire in the post then we will remind you weekly for 3 

weeks.  

We will give you a free study number to phone us to discuss any concerns about 

sexual health, including BV and sexually transmitted infections. We will be able to 

arrange for you to be reviewed at Melbourne Sexual Health Centre, a confidential 

service near the university that provides STI and HIV testing, and medication for 

free if it is required. In recognition of the time and commitment to the study we will 

be giving you a Coles-Myer voucher for $25. 

We will also ask you on the consent form whether you agree to storage of the 

swabs collected during this study in a laboratory freezer for future testing for 

known or possible causes of BV. We do not understand the cause of BV, and if 

research in the future shows it may be a newly discovered micro-organism (eg 

bacteria or virus), then we would like to be able to test stored samples from this 

study. Again if you do not wish us to do this you will be able to tell us on the 

consent form and still participate in the study today. 

4. What are the possible benefits? 

Possible benefits for you personally from involvement in this study include being 

tested for BV and access to expert advice regarding sexual health. The researchers 

in this study are physicians who have a particular expertise in sexual health. We 

will provide a free number for you to call to discuss any sexual health concerns you 

may have, and we can then arrange for you to be seen by a doctor at MSHC if that 

is needed, or refer you back to your GP if you prefer. If you choose to participate in 

this second year of this study then we will be able to tell you whether BV occurs 

using a convenient home-based test. We will be able to arrange immediate 

treatment at any stage for BV if needed. Participation in this study may not give 

you any personal benefit other than knowing that you are involved in a study that 

is part of improving current treatment of BV for women.  

5. What are the possible risks? 

Self-collection of vaginal swabs is a simple and painless procedure. This method has 

been used in numerous studies and in situations where women prefer to not to be 

examined. We will provide clear instructions and diagrams and there is no risk 

associated with this procedure. Participants will be asked to complete 

questionnaires during the study that include questions on sexual practices. This 

information is sensitive, and the sole purpose of these questions is to try and 

understand how sexual activity may lead to the development or spread of BV. The 

nature of the questionnaires will be discussed with you at enrolment by a female 

researcher who recognises the personal and sensitive nature of these questions. If 

you become upset or distressed as a result of your participation in this research, we 

will be able to arrange for you to have counselling or other appropriate support. 

Any counselling or support will be provided by staff who are not members of the 

research team. We have trained counsellors in place at MSHC, but we have also 

provided contact information for the experienced counsellors at the Centre against 

Sexual Assault (CASA) below if you have had any unwanted sexual experiences 

including sexual assault in the past and have not received counselling or medical 
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review and wish to do so. The toll free number for the Centre Against Sexual 

Assault is 1800 806 292. 

Your confidential information will be respected and protected. This information will 

be stored with a code only and information linking the code with your personal 

identity will be kept separately in a locked cabinet in a different room and 

accessible only to study investigators. Your personal identifying information will 

only be used to give you your results.  

6. Do I have to take part in this research project? 

Participation in any research project is voluntary. If you do not wish to take part 

you do not have to. If you decide to take part and later change your mind, you are 

free to withdraw from the project at a later stage. If you decide to withdraw, please 

notify a member of the research team. This notice will allow that person or the 

research supervisor to inform you if there are any special requirements linked to 

withdrawing. If you decide to leave the project, the researchers would like to keep 

(the personal and health information about you) that have been collected. This is to 

help them make sure that the results of the research can be measured properly. If 

you do not want them to do this, you must tell them before you withdraw from the 

research project. Your decision whether to take part or not, or to take part and 

then withdraw, will not affect your relationship with the researchers or Melbourne 

University. 

7. How will I be informed of the final results of the project? 

Participants will be told if BV has been detected within a fortnight of each swab 

being collected. We expect the overall results to be available within 6 months of 

completion of the study. We plan to publish these results in a medical journal, but 

they will be published in such a way that no person can be identified (eg. 5% of 

500 women developed BV over two years).  Following completion of the project, a 

copy of the overall results can be made available to you.  Please indicate if you 

would like this on the Consent Form.  

8. What will happen to information about me? 

Any information obtained in connection with this research 

project that can identify you will remain confidential and will only 

be used for the purpose of providing you with your swab result. 

Your information can only be disclosed with your permission, 

except as required by law. Your questionnaires will be labelled 

with a code, date of collection and date of birth only. A listing 

connecting your name with this code will be stored in a locked 

cupboard, available only to research staff in the research unit. 

Data will be stored indefinitely in accordance with the Melbourne 

University policy on the management of research data and 

records. We plan to publish the findings of this study in a medical 
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journal and present them at medical conferences, so that other 

doctors will understand the results. This will be done in a manner 

that pools all the results – no individual could be identified.  

 

9. Can I access research information kept about me? 

In accordance with relevant Australian and/or Victorian privacy 

and other relevant laws, you have the right to access the 

information collected and stored by the researchers about you.  

Please contact one of the researchers named at the end of this 

document if you would like to access your information. Further, in 

accordance with regulatory guidelines, the information collected 

in this research project will be kept for a minimum of 5 years 

after publication. You must be aware that the information may 

become de-identified at some point and access to information 

about you after this point will not be possible. 

10. Is this research project approved? 

The ethical aspects of this research project have been approved 

by the Human Research Ethics Committee of the University of 

Melbourne. This project will be carried out according to the 

National Statement on Ethical Conduct in Research Involving 

Humans (2007) produced by the National Health and Medical 

Research Council of Australia. This statement has been developed 

to protect the interests of people who agree to participate in 

human research studies. 
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11. Consent 

I have read this document, 24 month FUSS Cohort Version 1, dated 8 October 

2009, and I understand the purposes, procedures and risks of this research project 

as described within it. 

I have had an opportunity to ask questions and I am satisfied with the answers I 

have received. 

I freely agree to participate in this research project as described.  

I understand that I will be given a signed copy of this document to keep. 

I understand that the researcher has agreed not to reveal my identity and personal 

details if information about this project is published or presented in any public form.   

Please indicate how you would prefer to be contacted in this study by ticking a box 

and giving us your contact details so we can provide results of your BV test (give 

more than one option if possible so we can be sure that we notify you if BV is 

detected. If you can, write number 1, 2 or 3 next to each of the options to indicate 

the order you prefer to be contacted in) 

� Mobile or telephone number………………………………………………………………………….. 

� Email ………………………………………………………………………………………………………………. 

� Post………………………………………………………………………………………………………………….. 

………………………………………………………………………………………………………………………………….

. 

I consent to the storage and use of vaginal swabs provided by me for use in further 

research as described in this Participant Information 

�  Yes  �  No 

I would like to be sent a copy of the overall study findings at the end of the study 

     �  Yes  �  No 

If so please tick your preferred method of contact     �  post         or         �  email 

Participant’s Name (printed) 

…………………………………………………………………………………………… 

Signature        Date 

 

Declaration by researcher: I have given a verbal explanation of the research 

project, its procedures and risks and I believe that the participant has understood 

that explanation. 

Researcher’s Name (printed) 

…………………………………………………………………………………………… 

Signature        Date 
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12. Who can I contact? 

Who you may need to contact will depend on the nature of your query, therefore, 

please note the following: 

a) If you want any further information concerning this project, or if you have any 

questions at any stage, you can contact the principal researcher on Dr Katherine 

Fethers on 93416247 or Dr Catriona Bradshaw 9341 6253 

 

You can also contact us for free on 1800 458406 

 

b) If you have any complaints about any aspect of the project, the way it is being 

conducted or any general questions about being a research participant, then you 

may contact:  Executive Officer, Human Research Ethics, The University of 

Melbourne, ph: 8344 2073; fax 9347 6739. 
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Appendix 22: FUSS 24 month follow up questionnaire 

  

Section A: General information about you: 
 

1. What is your date of birth?  ____/____/_________ (day/month/year) 

 

 

 

_______________________________________________________________________  

 Section B: Questions about sexual activities 

 

Please note these sensitive questions are being asked in order to understand 

whether some activities or factors disturb the balance of bacteria in the vagina. 

To protect your privacy this questionnaire just has a number and date of birth 

but does not have your name on it. We will ask you separately for your personal 

details so we can provide your swab result and contact you during follow up. 

For more details please read the participant information accompanying this 

questionnaire.  

 

These questions relate to ANY type of sexual contact you may have 

experienced since you previously filled out the study questionnaire. 

 

 

1.  a. Have you had vaginal sex (ie penis entering the vagina) since your previous 

FUSS survey?   

 

1  Yes      2  No If no go to question 1e. 
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If yes: 

b. How many different males have you had vaginal sex with since your previous 

FUSS survey?..........................males (please estimate number) 

 

c. Have you used condoms 100% of the time for vaginal sex with all of your male 

partners since your previous FUSS survey (by this we mean a condom was always 

used, there was no touching of the penis and vagina without a condom on, and 

there were no condom slips or breaks with any of your partners)?   

 Please tick the correct answer 

1 Yes, always  

2 No, not always  

3 Not sure 

 

d. Since your previous FUSS survey, on average how often would you estimate that 

you have had vaginal sex? 

 

 more than once a week  

 less than once a week but more than once a month  

 less than once a month? 

 no vaginal sex since your previous FUSS survey 

 

e. If you have answered in question 1a, no you have not had vaginal sex:have you 

had contact where a penis touched your vulva and/or vagina, even just briefly 

since your previous FUSS survey? (Vulva means the outside of the vagina) 

1  Yes      2  No   3  Not applicable as I have had vaginal sex 
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2 a. Has anyone given you oral sex since your previous FUSS survey? Ie their mouth 

kissing/licking your vulva and/or vagina?  

 

1  Yes      2  No – If no go to question 3. 

 

If yes: 

b. Have any males given you oral sex since your previous FUSS survey? 1  Yes      2

 No – go to question 2 e. 

 

c. How many different males have given you oral sex since your previous FUSS 

survey?......................males (please estimate number) 

 

d. Of these, how many many were new partners since your previous FUSS 

survey?..........................males (please estimate number) 

 

d. Have any females given you oral sex since your previous FUSS survey?  

1  Yes      2  No - go to question 2 g. 

e. How many different females have given you oral sex since your previous FUSS 

survey?...................females (please estimate number) 

 

f. Of these, how many many were new partners since your previous FUSS 

survey?..........................males (please estimate number) 
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g. Since your previous FUSS survey, on average how often would you estimate that 

you were given oral sex? 

 

  more than once a week  

  less than once a week but more than once a month  

  less than once a month 

  no one has given me oral sex since your previous FUSS survey 

 

The following questions are to help us understand how BV may be spread by a 

variety of sexual practices not just oral or vaginal sex. 

 

Questions 3 to 5 are to help us understand how BV may be spread by a variety of 

sexual practices not just oral or vaginal sex. We are asking specifically about contact 

during sexual activity or play in these questions.   

3. a. Has anyone touched your vulva and/or vagina with their fingers since your 

previous FUSS survey?  

 

1  Yes      2  No – If no go to question 4  

 

If yes, were they:  

  male    female      both male and female 

 

4.  a. Has anyone touched your anus with their fingers since your previous FUSS 

survey?  

1  Yes      2  No – If no go to question 5.  

If yes, were they:  

  male   female   both male and female 
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5. a. Have you had anal sex (ie penis entering the anus or bottom) since your 

previous FUSS survey?   

1  Yes      2  No – If no go to question 7 

 

If yes: 

b. How many different males have you had anal sex with since your previous 

FUSS survey?...................males (please estimate number) 

c. Of these, how many many were new partners since your previous FUSS 

survey?..........................males (please estimate number) 

d. Have you used condoms 100% of the time for anal sex since your previous FUSS 

survey (by this we mean a condom was always used, there was no touching of the 

penis and anus without a condom on, and there were no condom slips or breaks 

with any of your partners)?  

1  Yes always       

2  No not always  

3  Not sure  

 

6. Sex toys eg dildos, vibrators 

 

a. Have you used a sex toy with another person since your previous FUSS survey? 1

 Yes      2  No if no go to question 7 c. 

 

6b. If yes, were they:  

 male  female  both male and female  
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c. Have you used a sex toy by yourself since your previous FUSS surveyie 

masturbation?  1  Yes      2  No 

 

 

 

 

 

7. These questions relate to your current OR most recent sexual partner.  

a. Have you had any sexual partners since your previous FUSS survey 

1  Yes      2  No If you have not had any sexual contact of any kind since 

your previous FUSS survey, go to Section C. 

 

 b. When did you last have sexual contact with your current or most recent sexual 

partner? 

 

� ……….………days(s) ago OR 

� ……………….week(s) ago OR 

� ……………….month(s) ago OR 

 

c. How old is your current or most recent sexual 

partner………………………years  

 

d. How long have you been in a sexual relationship with your current or 

most recent sexual partner?  

 

� ……………….days(s) OR 

� ……………….week(s) OR 
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� ………………..month(s) OR 

� ………………..year(s)  

e. To your knowledge has your current or most recent sexual partner 

had other sexual partners before you?1  Yes      2  No 3   Don’t know     

   

f To your knowledge has your current or most recent sexual partner ever 

had a sexually transmitted disease in the past? 1  Yes      2  No3   Don’t know      

  

g. Is your most current or most recent sexual partner  

1 Male  OR      2  Female? 

 

If your current or most recent sexual partner is female please go to Section C 

 

h. Is your current or most recent male sexual partner 1 circumcised 

2 Uncircumcised  

3 Don’t know  
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i. Have you use condoms 100% of the time for vaginal sex with your 

current or most recent sexual partner since your previous FUSS survey 

(by this we mean a condom was always used, there was no touching of the 

penis and vagina without a condom on, and there were no condom slips or 

breaks)?    

Please tick the correct answer  

1 Yes, always  

2 No, not always  

3 Not sure  

 

 

Section C: Questions about other activities 

 

1.  a. Have you had a period since your previous FUSS survey?  

1  Yes      2  No If no go to question 3 

If yes,  

1b.Please write down the date of the first day of your last period.  

(We understand this might be hard to remember – just be as close as possible 

OR instead you can estimate how many days ago your last period started) 

                Day/month/year (dd/mm/yy)  _____/____/_____ 

                              OR 

                My last period started  ________days ago and today’s date is ____/___/______ 
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2. Have you used tampons during menstruation (period) since your previous FUSS 

survey?  

  1  Yes      2  No 

 

3. Have you used any of the following contraceptive method(s) currently since 

your previous FUSS survey (tick one or more of the following)? 

1 Condoms 

2 Oral contraceptive pill 

3 Contraceptive implant eg Implanon 

4 Depo-provera injection 

5 Contraceptive ring eg Nuva ring 

6 Contraceptive patch 

7 IUD (intrauterine device) eg coil or mirena 

8 Spermicide 

9 Morning After Pill in last month 

10 Other ………………………………………..(please write) 

11 withdrawal method 

12 contraception not required 

 

4. Have you been pregnant since your previous FUSS survey?    

1  Yes      2  No  

5. Have you been tested for sexually transmitted infections such as chlamydia since 

your previous FUSS survey? 

1  Yes      2  No 3  Don’t know  
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6aAre you currently or have you been a cigarette smoker since your previous FUSS 

survey?     

1  Yes      2  NoIf no go to question 7 

6b If yes, on average how many cigarettes do you smoke a week? 

……………….cigarettes 

 

7. To the best of your knowledge have you had any of the following conditions 

since your previous FUSS survey: (please tick either yes or no for each of the 

following conditions) 

    

 Yes No Not Sure 

Chlamydia    

Gonorrhoea    

Trichomonas    

Herpes    

Warts    

HIV    

Candida (thrush)    

Scabies or pubic lice    

Pelvic inflammatory disease (PID)    

Abnormal Pap Smear    

 

8. Have you been paid to have sex(done sex work) since your previous FUSS 

survey?   

1  Yes      2  No  
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9. a. Have you douched when bathing or showering (douching is flushing out the 

vagina with water or a solution) since your previous FUSS survey? 1  Yes      2  

No  

  If no please go to section D 

 

If yes, 

 

b. How often do you douche? 

1 Daily      

2 Weekly 

3 Monthly       

4 Other ………………………………………(please write if other)

  

 

c. What solution do you use to douche?…………………………… 

 

Section D: Questions about Genital Symptoms and Treatments 

 

1. How would you currently rate the amount of vaginal discharge you have (on a 

scale of 1 to 5)?  

Please note that all women commonly have some vaginal 

discharge that varies in appearance and quantity during their 

menstrual cycle and this is normal. 

 

Please circle a number  

1………..……2….……...….3….…….…...4…………..….5 



373 
 

normal   moderate discharge  heavy discharge 

2. How would you currently rate any vaginal odour you have? 

1………..……2….……...….3….…….…...4…………..….5 

 none or normal   moderate odour   strong odour 

 

3. Bacterial vaginosis (BV) may cause symptoms of abnormal vaginal discharge or 

unpleasant odour in women. Do you currently have any of the following 

symptoms: 

a. Abnormal vaginal discharge 1  Yes      2  No  

 

b. Unpleasant vaginal odour  1  Yes      2  No  

 

 

4. Have you ever had genital symptoms since your previous FUSS survey that you 

know or think may have been BV?   1  Yes      2  No 

 

5. Have you been diagnosed with BV by a doctor since your previous FUSS survey 

 

1  Yes      2  No 

 

 

6 a. Have you had treatment for BV since your previous FUSS survey?  1  Yes      2  No 

b. If yes, did you have 

� Antibiotics by mouth 

� Antibiotic vaginal cream  

� Other………………………………………………. (write) 

� Don’t know 
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4. a. Have you had any antibiotics by mouth since your previous FUSS survey? 

 1  Yes      2  No 

 

 

5. a. Have you used any treatments inside your vagina since your previous FUSS 

survey?   

1  Yes      2  No 

If yes,  

b. Can you write the name of the vaginal treatment and what it was given 

for?……………………  

Or tick don’t know if you are unsure  

  Don’t know 

 

Thank you for completing the questionnaire. 

Sometimes answering questions regarding sensitive information 

like this can raise concerns about previous unwanted sexual 

experiences. If this has happened to you and you wish to receive 

counseling or medical review you can contact: 

The Centre Against Sexual Assault (CASA) on 1800806292 and 

trained counsellors can direct you to a service near you 

Or call our study line on 1800 458 406 and our clinical nurse or 

doctors will be able to talk to you and to arrange an appointment at 

Melbourne Sexual Health Centre. 
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If you are sexually active and have not been tested for Chlamydia 

since your previous FUSS survey, we recommend you have a check 

up either at your local doctor or at Melbourne Sexual Health Centre. 

 

 

 



376 
 

Appendix 23: Article published in MJA 2008 about STIs in central 
Australia 
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