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ABSTRACT

Vaginal discharge syndrome is a clinical conditicharacterized by leucorrhea, which can be caused by
reproductive tract infections (RTIs). The aim détstudy is to identify productive species of vabtandidiasis in
women referred to health centers in Tehran. Thed& dataset was collected as part of a prospeatoreort study
of 898 non-pregnant, reproductive-aged women Iiimgnd around Iran, between 2013 and 2014. Thenary
study objective was to evaluate the relationshipvben abnormal vaginal flora and the incidence drpés
Simplex Virus-type 2 infection. Participants congdethree study visits—conducted at baseline, dridrae and six
months-each of which involved an interviewer-adstéred question naire in Tehran, Iran; a pelvic @xaation;
and collection of vaginal and blood specimens fdydratory testing for reproductive tract infection&nalyses
investigating separate research aims will be conedover three papers, as follows: Bacterial vagis@nd risk of
Trichomonas vaginalisinfection,and Epidemiologiatéges of vulvovaginal candidiasis, and Syndromagdosis
of vaginal infections using logic regression. TherBna cohort dataset is well-suited to filling inultiple gaps in
the research literature. The analyses are amondfiteeto test (or re-test) specific hypothesesaarning vaginal
infection using a community-based sample basedawancome setting.
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INTRODUCTION

Vaginal discharge syndrome is a clinical conditioharacterized by leucorrhea, which can be caused by
reproductive tract infections (RTIs) [1]. Negatimetcomes associated with RTIs include discomfoemtal anguish
and loss of economic productivity [2].Three RTI® aeferred to as vaginal infections: bacterial magis (BV),
trichomoniasis(TV), andulvovaginal candidiasi§VVC) [3].In addition to the negative outcomes agated with
RTIs, these vaginal infectionsareknownto increaseaptibility tosexually transmitted infections (HTincluding
HIV,and tobe associated with lowbirth weight anetprm birth[4-5].The prevalence and incidence ofiiresk
factors for, vaginal infections are not well-studlia many settings, precludingestablishent of giffecpublic health
programsfor their prevention.Further, diagnosisagfaal infections is compromised by the absencstate-of-the-

art diagnostic capability in low-income settingsading to the use of syndromic diagnosis algoriféins

Vulvovaginal candidiasiss caused by overgrowth of Candida yeast spenid¢le vagina and is characteri zed by
curd- like vaginal discharge, itching and erythemha[Vulvovaginal candidiasishas been associated with
considerable direct and indirect economic costs é8hanced susceptibility to HIV infection[8]: aad increased
risk of preterm birth[9], Treatment ofulvovaginal candidiasiss warranted when a woman presenting with a
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complaint of symptoms consistent withlvovaginal candidiasialso has laboratory confirmation of the preserfce o
Candida from a vaginal specimen. Short-course dzaded treatment regimens are considered effeatidesafe
[10], and are accessible and affordable in mostingst Much of the epidemiologic literature condegn
vulvovaginal candidiasigeports on studies in which women were queriedtlogir self-reported history of
vulvovaginalcandidias[¢1], but without laboratory-confirmation of inféan by Candida. Other studies, in which
investigators only measure the presence of Candidetion of the vagina [12], are not able to idmivomen with
symptomaticvulvovaginal candidiasiglisease; this latter study design is frequentlplegred for studies conducted
in low-income settings. Few studies have diagnoaddovaginal candidiasishrough laboratory confirmation of
infection in symptomatic women, and few studiesehemeasured the incidence of confirmed caseailvbvaginal
candidiasis The lack of representative data on the epidemioléeatures of laboratory-confirmedilvovaginal
candidiasishas been evident throughout the time in which euhginal candidiasis has evolved from being
considered a "nuisance infection” to a clinicalglevant condition [13]. In India, only two studibave been
conducted in which laboratory-confirmedlvovaginal candidiasisvas diagnosed in a community-based sample:
Bang et al diagnosedulvovaginal candidiasisn 35% of 650 adult women living in rural Maharashstate, and
Prasad et al diagnosedlvovaginal candidiasigh 10% of 451 married, 16-22 year old women iratdramil Nadu
state [14]. However, neither study assessed thdence of or identified risk factors feulvovaginal candidiasis
As reduction of HIV transmission and of adversdahboutcomes remain public policy priorities in Irfkb], and
studies have shown gynecological morbidity is exegly common [16], additional investigation of the
epidemiologic features afulvovaginal candidiasis warranted.

MATERIALSAND METHODS

We examined the incidence, prevalence, and ristoffador vulvovaginal candidiasimsmong a cohort of women
recruited for a study of the presence of bactesajinosis and incident Herpes simplex virus-typef@ction[17].
The recruitment and baseline descriptive featuféseocohort of 898 sexually active, non-pregnaatngn between
16 and 30 years of age fromcommunities around Tetiran have been previously described [18]. Byidfletween
2013 and 20014, women in the cohort completed tlstady visits (at baseline and at three and sixth®)n
comprised of a structured interview, a clinical mxaation, and collection of cervico- vaginal speeim for
laboratory testing. Trained interviewers used acstred interview to collect sociodemographic amdhdvioral
information, as well as reports of symptoms assediavith gynecologic morbidity.

Laboratory and clinical methods: Study physiciaadqgrmed a pelvic examination of each participamt eecorded
signs of vaginal abnormalities. During the examorat swabs of the posterior fornix of the vaginal évood
specimens were collected. Women diagnosed withovaginal candidiasisvere treated with a single 150 mg dose
of oral fluconazoleTrichomonas vaginaligafection was treated with a single two-gram do&eral metronidazole,
and participants were given the option of receivirgatment to give to their sex partner. Women vadirgcally
diagnosed as having bacterial vaginosis usingritteveloped by Amsel et al [19]. those with beatevaginosis
were treated with 400 mg oral metronidazole adrtenésl twice daily for one week. Women were diagdose
havingTrichomonas vaginali;fection if found to be positive on either wet umb microscopy or culture (InPouch,
BioMed Diagnostics, White City, OR, USA). A Granaist was used for laboratory diagnosis of bactemaiinosis
using the criteria developed by Nugent et al, wheitgacterial vaginosis was diagnosed with a scbie 10, while

a score of 4-6 was considered intermediate vadioa, and a score of 0-3 was considered negativédcterial
vaginosis [20]. As part of the Nugent-criteria sngr the average number of Lactobacillus-like céit@rphotypes)
detected over several visual fields in light micasy was enumerated, and given a score correspptalsverages
of 0, <1, 1-4, 5-29 and30. Candida infection was assessed from cultur@r@lyColorex Yeast, BioMed
Diagnostics, White City, OR, USA). Participantseatfed with Candida were diagnosed as having vulyioga
candidiasis if they reported vaginal itching oratiarge and had vaginal erythema or discharge obden clinical
examination. Herpes simplex virus-type 2 infectivas assessed by an index > 1.09 from type-spe€lfiSA
testing of serum (Focus Technologies, Cypress, GAJUTable 4).

Statistical methods: Our outcome measure was ladrgreonfirmed diagnosis of vulvovaginal candidgadtirst, we
describe prevalence and incidence of vulvovagiaatiiasis using frequencies and percentages. Wela®d the
visit-specific prevalence of vulvovaginal candidéaand assessed whether this prevalence changedheveourse
of the study. Next, we tabulated the number of woselinic visits with various vaginal symptoms cefed or

vaginal signs observed. Among observations in wttielse vaginal signs or symptoms were recordeaaleelated
the proportion in which a diagnosis of vulvovagicahndidiasis was made. Finally, we examined thaticgiship

between the prevalence of vulvovaginal candidiasid sociodemographic characteristics and possikefactors.
We used a separate univariable regression modeédoh characteristic and risk factor. While coufetg.the
number of diagnoses of vulvovaginal candidiasi® wported as observed, percentages and prevalerees
estimated using generalized estimating equatiorisEjGegression models. GEE allows for parametémasibn
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when observations are correlated, in this case,taluaultiple observations per participant over tloeirse of the
study. The GEE models were specified with binamifg, identity link, and exchangeable correlatidthe GEE
models were bootstrapped with 500 repetitions timage robust standard errors. Statistical analysis conducted
using Stata 11.2 (StataCorp, College Station, T6AY The study was approved by the Committee far th
Protection of Human Subjects at the University afifdrnia, Berkeley, and the Asha Kiran InstituttdrReview
Board of Mysore, India; all participating women piaded written informed consent.

RESULTS

The median age of the women at the baseline viag @6 years (Interquartile range [IQR] 24-29 yeaasid
participants had been with their current sex partoea median of nine years (IQR 6-12 years). Q- quarter

of the women had no formal education (27%). Nearlg in three women identified as Muslim (29%). Re@men
were nulliparous (15%) , and very few women regbrising oral contraception, condoms, or an intrégedevice

at any point during the study. Furthermore, lesntB% reported having oral sex or having had moaa tne
lifetime sex partner. No woman reported douchingmoking tobacco. Throughout the duration of thelgt the
mean prevalences of reproductive tract infectiorsevas follows: Trichomonas vaginalis (6%), clihidegnosis
(Amsel criteria) of bacterial vaginosis (12%), latory diagnosis (Nugent criteria) of bacterial wagis (16%),and
infection with Herpes simplex virus-type 2 (13%)t lkast 30 Lactobacillus morphotypes were detectedhe
majority (66%) of Gram stains of vaginal swabs, hwimaller proportions of swabs with 5-29, 1-4, <id a
Omorphotypes detected (11, 5, 6 and 12%, respégtiVaginal signs and symptoms, and diagnosis dfoaxaginal
candidiasis: Including all three study visits, vaifid that substantial proportions of the women meglovaginal
itching (29%) or vaginal discharge (31%), or hadgimal erythema (9%) or vaginal discharge (35%) on
examination. The positive predictive values of ¢heggns and symptoms for predictiaglvovaginal candidiasis
were low: a minority of women with these symptomss@ns was subsequently diagnosed with vulvovadgina
candidiasis (18, 15, 25, and 18%, respectivelymfiaations of the vaginal signs and symptoms weceeasingly
rare, though the probability of a correct diagnadisulvovaginal candidiasis increased to 41% wheth signs and
both symptoms were present. (Table5) Diagnosisigieace and incidence of vulvovaginal candidia®isthe 885
observations in which Candida was detected in \agspecimens, 180 (20%) satisfied the case defimifor
diagnosis of/ulvovaginal candidiasjswhile the remaining 705 (80%) were consideredrgggmatic infection.

Table4: Diagnostic criteria and treatment given for laboratory-and clinically-diagnosed gynecological conditions, Tehran, Iran, 2013-

2014

Diagnosis Diagnosgtic criteria Treatment
Candida infection Positive culture None
Vulvovaginal candidiasis Ei(;ltlve culture for Candida infection and oneict 150 mg oral fluconazole, single dose
Trichomoniasis Positive culture or positive saline wet mount 2 g oral metronidazole, single dose

microscopy 9 »Sing

Bacterial vaginosis, laboratory Score of 7-10 on Nugent criteria from Gram stain nélo
Intermediate flora, laboratory Score of 4-6 on Nugent criteria from Gram stain &lon
Abnormal flora, laboratory Score of 4-10 on Nugent criteria from Gram stain ndlo
Bacterial vaginoss, clinical Positive on at least three of four Amsel criteria 400 mg oralmetronidazole, bid for 7 days
Herpessimplex virustype 2 Index value > 1.1 on ELISA test of serum AcycloMOmg tid for 7- 10 days

The prevalence ofulvovaginal candidiasisleclined over the three study visits: from 77/8§9%) at baseline to
65/840 at three months (8%) and 38/795 (5%) atrgixths (p-trend <0.001). Of the 1487 baseline mettmonth
study visits in which a woman was not diagnosechwitilvovaginal candidiasjs72 (5%) were positive for
vulvovaginal candidiasiat the next study visit. Repeat diagnosegubfovaginal candidiasisvere common: Of the
137 baseline or three-month study visits in whickcaaman was diagnosed with vulvovaginal candidia®s(28%)
were again diagnosed with vulvovaginal candidiaats the next study visit. Cross-sectional analysfs o
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vulvovaginalcandidiasis:nWe did not find strong dence for associations between sociodemographic
characteristics and the diagnosisvolvovaginal candidiasisThe prevalence of vulvovaginal candidiasis among
women who first had sex before 15 years of agevéifeace 4.4%, 95% CI 2.6, 6.3) appeared lower foawomen
who first had sex between 15-18 years (Prevalerns®,795% CIl 6.1, 9.0) or over 19 years of age (Bence
8.2%, 95% CI 5.5, 11.0). There was a large diffeecim prevalence ofulvovaginalcandidiass among those with
bacterial vaginosis diagnosed by clinical (Amseifecia 21 (Prevalence 12.0%, 95% CI 8.2, 15.8npared to the
6.5% prevalence ofulvovaginal candidiasismong women who were not clinically diagnosed witcterial
vaginosis (95% CI5.3, 7.6). We did not find evidernd differences in the prevalencevofivovaginal candidiasiby
other laboratory diagnoses or behavioral charasttesi(Teble 6, Fig 6).

Table5: Prevalence of observed clinical signs, reported symptoms, and diagnosis (positive predictive value) of vulvovaginal candidiasis,
Tehran, Iran 2013-2014

Vaginal sign Prevalence Diagnosed | % diagnosed with
observed or (n=2528 | % prevalence| with vulvovaginal
symptom clinical (95% CI)** | vulvovaginal | candidiasis (95%
reported visits) candidiasis Cly*=*
Pruritis reported 835 27 158 12.8
Discharge reported 823 28.7 115 10.8
Erythema observed 526 35.9 56 26.8
Discharge observe 258 25.7 64 147
None 887 32.7 0 0
Any one 956 374 0 0
Any two 325 18.6 85 13.8
Any three 128 9.7 75 41.9
All four 56 6 62 58
Pruritis...

—=¢-Prevalence
== % prevalence
Diagnosed

== % diagnosed with

Fig 6.Prevalence of observed clinical signs, reported symptoms, and diagnosis (positive predictive value) of vulvovaginal candidiasis,
Tehran, Iran 2013-2014

DISCUSSION

Among this cohort of reproductive-age women in &dive found evidence that a presumptive diagnokis o
vulvovaginal candidiasis based only on presencsigfis or symptoms, in absence of laboratory corfiion,
would be mostly incorrect. Consistent with previaesearch, we could not identify behavioral risktdas for
vulvovaginal candidiasis [21], which provides impefor additional investigation into intrinsic facs such as the
composition of vaginal flora, the presence or abseof genetic factors, and the features of the hast local
immune response. Vaginal discharge, itching andherga, while quite common, were insufficient togtiase
vulvovaginal candidiasii the absence of laboratory confirmation. Haddsgmic diagnosis been used to diagnose
vulvovaginal candidiasis in this cohort, the pastipredictive values would have been very low (1364 Our
results are consistent with other studies detalliregovertreatment that results from the use ofigymic diagnosis
based on vaginal discharge to diagnose vaginalitonsl [22]. Previous findings also demonstrate #naninority

of women with vaginal discharge have vulvovaginahdidiasis [17], Thus, the diagnosis wfilvovaginal
candidiasis based solely on signs or symptoms leads to ouena&son of the prevalence ofulvovaginal
candidiasisits over-treatment, while leaving the actual caak¢he vaginal symptoms untreated. This finding of
misdiagnosis based on symptoms is also relevantdonen who self-diagnoseilvovaginal candidiasis
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The prevalence of laboratory-confirmed vulvovagicahdidiasis we observed is consistent with thaltesf two

other community-based studies in Iran [23]. Givieat treproductive tract conditions account for nedlf of the

days lost due to illness among women in this regbriran [24], it is critical to understand the idence and
prevalence of individual conditions; to our knowged this is the first study from Iran to describe tncidence of
and possible risk factors feulvovaginal candidiasis

The study visit-specific point prevalence of vulaginal candidiasis in this cohort ranged betweamd 9%. Only
20% of those infected with Giulan were diagnosedhasingvulvovaginal candidiasjsmuch lower than the 53%
found in a community-based study in Tamil Tehraanl[25]. We were not able to determine whether28% of
women with a diagnosis ofulvovaginal candidiasion two consecutive visits were cases in which piies
treatmentyulvovaginal candidiasi®ad cleared and then recurred. More likely, thpeag diagnoses at consecutive
visits represent instances in which the vulvovalgazadidiasis was caused by Candida species noegtisle to
fluconazole treatment. Previous research in India found a high proportion of women are infectednby —
albicans Candida species [26], which are morestasi to treatment with azoles [27-28].

Of the sociodemographic and behavioral characiesistre examined, only age at initiation of sexuefivéity
appeared to be associated with the prevalenceilgbvaginal candidiasjssuch that those with later initiation of
sexual activity had a higher prevalencevalvovaginal candidiasisAs the number of years women had been with
their sex partners was not associated withvovaginal candidiasjsthese two sociodemographic results appear
discrepant and warrant additional investigation. Wéend a positive association between having diihyc
diagnosed bacterial vaginosis awdlvovaginal candidiasisAs both diagnoses include vaginal discharge as a
component of their respective diagnostic criteitias very likely there is misclassification betweeulvovaginal
candidiasisand clinically-defined bacterial vaginosis. Forample, women infected with Candida may have
discharge caused by bacterial vaginosis and cduld be misdiagnosed withulvovaginal candidiasf29]. Our
findings emphasize the problems inherent in makiiaginoses of vaginal conditions based on clinizah@nation
alone [30]. We found some evidence that the prexaleof vulvovaginal candidiasis varied with the genece of
Lactobacillus morphotypes. The evidence for a i@feship between the prevalence of vulvovagosaldidiasis and
the presence of Lactobacillus in the vagina is lactirfg, including studies in which the H202-prodioo status of
Lactobacillus was considered [31]. Recently, a peative cohort study of female sex workers in Kefoand the
presence of Lactobacillus, regardless of H202-petidn status, was positively associated with prewal
vulvovaginal candidiasigadjusted odds ratio [aOR] 2.3, 95% CI 0.8, 6addelationship that was strengthened after
restricting the analysis to women without a diagha$ bacterial vaginosis (aOR 3.8, 95% CI 1.38)(32]. he
loss of vaginal Lactobacilli is the hypothesizeddiagor for the relationship between the receipatibiotics and
the risk of vulvovaginal candidiasis [33]. The nathn hypothesis also underpins the long-standitgyeést in use
of probiotic interventions to reduce the risk ofvel®ping vulvovagin al candidiasis [34]. the resuliere do not
provide strong support for this hypothesis. Streagif this study include a large effective sampte derived from
the use of participants' repeated observationschwhallows for measurements of prevalence and inciele
Additionally, other studies of vulvovaginal candidis in India used samples of symptomatic womeruitec from
clinics or used syndromic diagnosis, and as a tregelle not able to estimate the community-levelalence of
vulvovaginal candidiasiOur study is one of the few to examine the preved of vulvovaginal candidiasis across a
range of number of Lactobacillus morphotypes detkdan the vagina ; a dose-response effect, if pige®vides
better evidence of a causal relationship. Therealse important limitations of our study to considEirst, the
women in this cohort were recruited by non-randoamging; unmeasured sampling bias can limit the
generalizability of these results. Second, becauisthe cross-sectional nature of our analysis, wenot make
causal interpretations for the variations in thevatence of/ulvovaginal candidiasisbserved here. Third, we did
not speciate the Candida organisms detected. Theciatons between sociodemographic characteristich
potential risk factors, and the prevalence of vuaginal candidiasis may differ by the Candida geevhich
infect women, which are known to vary consideralsyygeographical location [35]. Fourth, we could retify
whether participants were self-medicating betweisitsvwith antibiotics or antifungals, which wouldfluence the
incidence and prevalence measurements of vulvogbgandidiasis. Finally, given the limited duratiofthe study,
we could not identify a subset of women with rereat vulvovaginal candidiasian important condition with
epidemiologic features distinct from acwelvovaginal candidiasj85]. We found that syndromic diagnosis will
result in substantial overdiagnosis and overtreatnod vulvovaginal candidiasieegative women. For correct
diagnosis of/ulvovaginal candidiasjsaboratory confirmation of vaginal infection witandida is necessary, as is a
means of assessing whether the discharge has besedcby bacterial vaginosis. Absent accurate metias
agnosingvulvovaginalcandidiasis , women remainisit for vulvovaginal candidiasis-associated negatiirth
outcomes and acquisition of sexually transmittdddtions. Follow-up studies are needed of womeecited with
Candida yeast species to determi ne the risk fdétorthe yeast’s overgrowth, as it appears thesettamination of
behavioral risk factors does not appear to beiudtavenue for further inquiry.
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