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ABSTRACT
Although Nugent’s criterion is considered as th&lggtandard for the diagnosis of bacterial vagingBiV), the
method requires an experienced slide reader argldmrable time and skill. We compared Hay/ Ison Ansel
with Nugent's scoring criteria to determine thevadence and corelates for BV among women of reprtek
age attending reproductive health related cliniamily planning, post-natal and sexually transniitbefection -
STI) at Mbagathi County Referral Hospital in NairoWaginal specimens were collected from 201 cotisgn
women, presenting with or without the vaginal syomps of vaginitis. BV was diagnosed using Hay/ Ison,
Amsel and Nugent's method while factors corelatesewgathered using structured interviews. Sensitivi
specificity, and predictive values for positive amglgative test were calculated for both Hay/ Isnd Amsel
methods using Nugent criteria as the gold standaodelates for BV in this population were evaluadgginst
the three methods. There were 66 cases (32.8%)/df\BAmsel's method, 79 cases (39.3%) of BV by Hay/
Ison’s Criteria and 72 (35.8%) cases by the Nugemtéthod. Using Nugent criteria as the gold stahddue
concordant, sensitivity, specificity, positive anelgative predictive values of tests were. Amsell%/ 63.9%,
84.5%, 80.7% and 69.7% respectively, and Hay/ |€5%, 100%, 94.6%, 100% and 91.1% respectively.
Evaluating the performance of Hay/ Ison test agadmssel criteria, the standard method for clinid&gnosis;
offered no improvement in sensitivity 72.7%, spietif 77.1%, NPV 85.3% and PPV 60.8% when compaoed
Nugent’s score. Factors independently associatddBW infection included. For all the three ted®sesence of
clue cells; Nugent and Hay/ Ison methods: educadéeel, marital status and positive for whiff tedter Nugent
and Amsel criteria: Presence of vaginal dischange far Hay/ Ison test: condom use. Attributes ofigo
demographic and sexual hygiene and behavior camésstto high prevalence of BV among women in th@tah
city of Kenya. The Hay/ Ison’s method shows goorkament with the Nugent criteria and can be recond®e
as a stand-alone alternative assay to Nugent&rieribr as a confirmatory test for BV in this pagtidn.
Key words: Nugent, Amsel and Hay/ Ison method Bacterial Yiagis, Test performance, Correlates, Women of
Reproductive Age, Western Kenya

BACKGROUND

Vaginal discharge resulting from diverse physiotadjiand pathological circumstances, is by far thestm
prevalent and uncomfortable condition for womenddferent age groups in any society whether they ar
sexually active or not (Modak et al.,, 2011). Béelevaginosis (BV) is by far the most common cauase
abnormal vaginal discharge among women (Allswortth Beipert, 2007). BV is characterized mainly bgraie

in the complex vaginal flora, marked by a replacetria the predominantactobacillus by mixed microbial
flora consisting of anaerobes a@drdnerella vaginalis (Pirotta et al., 2009). Among pregnant women, diesig
and immediate treatment of BV is recommended whamptomatic to curb associated complications such as
low birth weight infants (Thorsen et al., 2006)et@rm births (Das et al., 2011), pelvic inflammgtdisease
(Peipert et al., 1998), postpartum endometritis Ifdtb et al., 2001), and infertility (Mania-Pramiaret al.,
2009. BV is further associated with a 60% increagskl of HIV-1 acquisition in women and a 3-62-fold
increased risk of female-to-male HIV-1 transmiss{@ukusi et al., 2006; Verstraelen et al., 2010J atso
several other sexually transmitted infections ($Titscluding herpes simplex virus, gonorrhea, witioniasis,
and chlamydia trachomatis infection (Cherpes eR803; Wiesenfeld et al., 2003).
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By far, BV is still prevalent more common among wamin sub-Saharan Africa reported in over halfha$ t
population (Klebanoff et al., 2004). In this seftiBV infection has been associated with multipld &fe time
number of sex partners, poor condom uptake andnabgiouching (Okuku et al., 2016). Determining the
contributioning factors to the prevalence of BVeiction is essential in designing preventative amashagement
measures.

Several methods have been developed and useddonilza BV including; Amsel's criteria (Amsel et H83),
Nugent criteria (Nugent et al., 1991) and rapidnpoif-care tests such as QuickVue Advance pH andnAs
test (Charonis and Larsson, 2006). While QuickVutvakce pH and Amines test is no longer in the marke
both Amsel and Nugent methods score the smearsubntification of the different vaginal morphotypes,
making the evaluation of smears very subjective thquires an experienced slide reader and alssicdenable
time and skill. Consequently, in 2002 Ison and K2Q02) described a simpler version of the two méshim
which vaginal flora is divided into three differezdtegories namely: normal, intermediate, and Bjyedéeing on
the relative amount ofactobacillus morphotypes toGardnerella morphotypes. The majority of Kenyan
hospitals do not diagnosis BV while those that doege been using Amsel method while Nugent maiskydu
for research purposes. Data are currently lackimghe utility of Hay/ Ison test to detect BV in Ken This
study therefore evaluated the performance of simgreing scheme of Hay/Ison and Amsel method ag#ias
scoring method of Nugent in diagnosing BV in outisg.

METHODOLOGY

Study design and sample collection

This cross-sectional study enrolled consenting womereproductive age>(8 years) attending reproductive
health related clinics (family planning, post-naad sexually transmitted Infection - STI) in Mb#gaCounty
Referral Hospital located in the capital city ofi¢@. This study conducted between March and Decerb&é6
conveniently enrolled a total of 201 eligible womdrhese participants underwent through a face to face
interview and also provided vaginal swabs. Highinalgswabs were collected by a trained clinicianchitwere
used for diagnosing BVTrichomonas vaginalis, and vaginal candidiasis. Signs of vaginal disgeancluding
amount, odor, color, and consistency were notedo maginal swabs were collected simultaneously and
immediately used as follows: one for Amsel scoritgy second smear air-dried, heat- fixed, and Gstaimed

for Nugent and Hay/ Ison scoring. This study wapraped by Ethical Review Committee of Kenya Medical
Research Institute (KEMRI/SSC No. 2905).

Amsel criteria

BV was assessed using Amsel criteria (Amsel etlB3) and was considered positive on the basis [efast 3
of the following 4 signs: vaginal pH > 4.5, preseraf amine odor on addition of 10% potassium hyitfex
(whiff test), presence of 3-5 clue cells per highvpr field on wet-mount microscopy, and homogenaginal
discharge. The presence of discharge was recorgedifician while vaginal pH > 4.5, whiff test arttie
presence of 3-5 clue cells per high power fieldvet-mount microscopy were done by two independaiéd
researchers in the Laboratory.

Nugent andHay/ Isons Criteria

The air-dried and heat- fixed glass smears werenGtained as follows. Briefly, the fixed smear weasered
with crystal violet for 1 minute, washed with watélooded with Gram’s iodine for 1 minute, washedhw
water, and then decolorized with acetone for 2¢»ds. The smears were rinsed quickly under runwiaiggr

to stop the decolorization and then counterstawi¢id safranin for 1 minute. The smear was rinsethwinning
water and blot-dried. The Nugent and Hay/ Ison'adgrg were undertaken by two independent trained
researchers as follows

Nugent scoring: For diagnosis of bacterial vaginosis, Gram-staimadinal smear was examined under oil
immersion objective (1000x magnification) and grhdas per standardized, quantitative, morphological
classification developed by Nugent. Composite ssoas categorized into three categories, scoresb@i3y
normal, 4—6 being intermediate, and 7-10 beinghitefbacterial vaginosis (Nugent et al., 1991).

Hay/ Ison scoring For diagnosis of bacterial vaginosis by Hay/ Isonethod, Gram-stained vaginal smear was
examined under oil immersion objective (1000x mégaiion) and graded in the following manner: grdde
(normal flora),Lactobacillus morphotype only; grade Il (intermediate flora), weddLactobacillus morphotype
with mixed bacterial morphotypes; grade Ill (baeteraginosis), mixed bacterial morphotypes withvfer
absentactaobacillus morphotypes (Ison and Hay, 2002).
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Clue cells: The presence of clue cells was recorded from Gtimed vaginal smear examined under oil
immersion objective (1000x magnification)

Trichomonas vaginalis: After smearing the slide for Nugent score, this lsweas then used to inoculate
InPouchTV culture kit (Biomed Diagnostic, White FitOR, USA), for detection off. vaginalis infection
according to manufactures instructions. The pouehe® incubated at 8T incubator for five days or until
trichomonads were detected. The pouches were mimpasexamined at 10x and 40x magnification.

Yeast cells:The yeast cells and hyphae were observed and egttath from wet mount slides as well as from
Gram-stained vaginal smear examined under oil imimrrobjective (1000x magnification)

Corelates for BV

Sociodemographic, sexual behavior, HIV status aptaductive tract infections and hygienic relatadtérs
associated with BV infection among this populatiware gathered during the face to face interviewiagus
structured questionnaire.

Data analysis

Descriptive statistics (proportion and frequencyaswused to describe the population. The performance
(concordance, sensitivity, specificity, and preetvalues) were calculated for two scenarios:dr. Amsel and
Hay/ Ison’s method against Nugent criteria as tbkl gtandard and 2. For Hay/ Ison using Amsel dd go
standard for routine clinical diagnosis. The bt and multivariate analysis were done to assless
association of selected variables with BV infectsmparately for the three tests (Nugent, Hay/ smh Amsel).
All statistical analyses were performed using STATA3 (StataCorp LP, Texas, USA) at the signifieatevel

of p<0.05.

RESULTS

Population characteristic

Table 1 summarizes the characteristics of the spapulation. Analyzable data were available forth# 201
women recruited. The mean age of the participamst 205 years ranging from 37 (18-55 years). Thprnita

of the participants 36.3% were aged 21- 25 yedr2% were unemployed, 44.8% had secondary education
79.6% were married. Further, the majority of pgpants 86.1% had not procured an abortion, 95.586shagle
sexual partner, 58.2% had age of sexual debut 2aB5y49.7% were using either regular pill or itiggcor coil
for their contraceptive, 75.6% had circumcised et and 43.3% were using condoms. There were 16f4%
the participants who were HIV positive, 92% had mreviously STD infections, 38.3% reported vaginal
irritation while 48.8% had lower abdominal pain.eTajority of the participants 63.7% reported tgkivath
seven times in a week, 76.6% reported ever washieig vagina apart from when bathing and 66.7% wdsh
their vagina immediately after sex.
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Table 1: Baseline characteristics of study populadin
Variables (N = 201) Unit Frequency Percentage
Age 21 - 25 Years 73 36.2
Occupation Unemployed 10z 51.z
Education Level Secondery level a0 44.¢
Marital status Married 16C 79.€
Number of children >1 68 33.¢
Somking Yes 4 2
Previous abortion Yes 28 13.¢
Number of sexual partners 1 192 955
Lifetime sexual partner 1 184 915
Age of sexual debut <18 117 58.2
Contraceptive types used Regular pill/Injection/ Coil 100 49.7
Partner circumcised Yes 152 75.6
Condom use Yes 114 56.7
HIV status Positive 15 7.5
Previous STI infection Yes 16 8
Frequency of STI infection Once 16 8
Vaginal Irritation Yes 77 38.3
Frequency of Vaginal irritation >1 43 21.4
Abdominal pain Yes 98 48.8
Vaginal Discharge Yes 65 32.3
Yeast cell Positive 36 17.9
Trichomonas Positive 7 35
Whiff Test Positive 66 32.8
Clue cells Positive 25 12.4
Weekly bathing times 7 times 128 63.7
Items used for bathing Soap and water 125 62.2
Number of times washed pants in a week 7 times 92 54.2
Washed vagina other than during bathing Yes 154 76.6
Viginal washing immediately after sex Yes 134 66.7
Practised douching Yes 15 75
Douching items Soap/detergent/disinfectant 10 5

Prevalence of BV

The prevalence of BV was as follows: using Nugeiteiga (Score of 7-10), 72 (35.8%; 95% CI| 29.52-74
were diagnosed with BV, 66 (32.8%; 95% CI 26.7 -638sing Amsel’s method and 79 (39.3%; 95% CI 32.8
46.2) by the Hay/Ison criteria.

Performance of BV Diagnostic tests

Performance of BV tests evaluated against Nugemess summarized in Table 2. Data were used for
performance analyses only if the results were difin Results concordant with those of Nugent scwere
obtained in 155 of 201 (77.1%; 95% CI 70.8 — 82wabs by Amsel criteria and 194 of 201 (96.5%; 95%
92.9 - 98.3) swabs by Nugent score. Based on Nugpemé as the gold standard, the test sensitivitere as
follows: Amsel criteria 46 of the 72 true positi{@3.9%; 95% CIl 52.4 — 74.1) swab by Nugent scockkan
Hay/lson criteria 72 of the 72 true positive (10085% CI 94.9 — 100) swab by Nugent score. The fipitieis
of each test were: Amsel criteria 1090ut of the B8 negative (84.5%; 95% CI 77.3 — 89.7) swabblbgent
score and 122 (94.6%; 95% CI 89.2 — 97.3) by Haw/lyiteria out of 129 true negative score by Nugen
criteria. The positive predictive values (PPV) lné two tests ranged from 46 (69.7%) out of 66 bysaim
criteria to 72 (91.1%) out of 79 by Hay/Ison cri¢efThe negative predictive values (NPV) rangednftid9
(80.7%) out of 135 by Amsel criteria to 122 (10084} of 122 by Hay/lson criteria.

Amsel’s criteria is the standard method for clihidegnosis while Nugent method generally usedeisearch
settings, evaluating the performance of Hay/ Isdteria against Amsel’s criteria the performancesvas
follows. Test concordance of Hay/ Ison was 75.4éhsgivity of 72.7% and a specificity of 77.1%. TNV
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was 85.3% and a PPV of 60.8%. Comparing the pedoom of Hay/ Ison method against Amsel criteria,
reduces its performance as opposed to when compahddigent criteria in terms of: concordance (75v&rsus
96.6%), sensitivity (72.7% versus 100%), speckHidii7.1% versus 94.6%), NPV (85.3% versus 100%) and
PPV (60.8% versus 91.1%).

Table 2: Test performance in two scenario (i) Ams#& criteria and Hay method against Nugent score and
(i) Hay's Method against Amsel criteria.

Bacterial vaginosis (Nugent score 7—10)

Test N Concordant results Sensitivity Specificity NPV PPV Cohen's kappa
(%) 95% ClI (%) 95% ClI (%) 95% ClI (%) 95% ClI (%) 95% CI _oefficient ) P
Amsel criteria 201 77.1(70.8 - 82.4) 63.9(52.4 - 74.1) 84.5(77.3.789 80.7(73.3 - 86.5) 69.7(57.8 - 79.5) 0.126 0.001
Hay/lson criteria 201 96.5(92.9 - 98.3) 100(94.9 - 100) 94.6(89.2 - 7.3 100(96.9 - 100) 91.1(82.8 - 95.6) 0.926 0.001

Bacterial vaginosis (Amsel score)

Hayflson criteria 201  75.4(68.9 - 81.3) 72.7(60.2-82.6)  77.1(68.9.783 85.3(77.4-90.8)  60.8(49.1-71.4) 0.126 0.001

% - Percentage; Cl - Confidence Interval; NPV -NiegaPredictive Value; PPV - Positive Predictiveliak - Cohen's kappa coefficient

Nugent score of 0-6 were considered negative, and1D considered positive. PPV: positive predictive
value; NPV: negative predictive value. Amsel's crigria defined as presence of any three of the four
characteristics: vaginal pH > 4.5, presence of amiodour on addition of 10% potassium hydroxide (wHf
test), presence of 3-5 clue cells per high poweelii on wet-mount microscopy, and homogenous vaginal
discharge. Hay's criteria grade | (actobacillus morphotype only) was referred to as normal vaginaflora
while grade 11l (absent Lactobacillus morphotypes) was considered bacterial vaginosis

Factors associated with BV infection

Table 3 shows Socio-demographic and Sexual behapiecific prevalence of BV infection and bivariate
prevalence ratios for BV infection (vs no infection

Socio-demographic related factors:In the bivariate analyses, using the Nugent scociti@ria participants
who had primary level of education were less likmbe infected with BV than those women who hatlaey
level of education (OR 0.5, 95% CI 0.3 to 0.8)milarly, using the Hay/Ison scorir@iteria participants who
had primary level of education were less likelypinfected with BV than those women who had teytiavel

of education (OR 0.6, 95% CI 0.3 to 0.9).

Sexual behavior related factors:In the bivariate analyses, Hay/lson scoror@eria, women whose partner
used condoms during sexual encounters were maely lik be infected with BV compared to women whd di
not use condoms (OR 1.6, 95% CI 1.1 to 2.5).

Table 4 shows reproductive tract infection includiHIV and personal hygierspecific prevalence of BV
infection and bivariate prevalence ratios for B¥ertion (vs no infection).

HIV status and reproductive tract infection factors: In the bivariate analyses, using Nugent scorintgida,
women who had vaginal discharge were more likelpddnfected with BV compared to women who reported
no vaginal discharge (OR 1.6, 95% CI 1.1 to 2.&il&rly, women whose whiff test turned positive rvenore
likely to be infected with BV compared to women hsafjative whiff test (OR 3.6, 95% CI 2.2 to 5.8)rtRer,
women who had clue cells were more likely to beiBfécted than those who had no clue cells (OR%% ClI

2.2 to 5.7). Using Hay/lson scoring criteria, wonveimo hadTrichomonas vaginalis infection were more likely
to be infected with BV compared to women who hadTnosaginalis infection (OR 2.3, 95% CI 1.1 to 5.2)
Similarly, women whose whiff test turned positiverne more likely to be infected with BV comparedmomen
had negative whiff test (OR 3.2, 95% CI 2.0 to 4B)rther, women who had clue cells were more yiktelbe
BV infected than those who had no clue cells (OR 85% CI 1.9 to 4.9). Using Amsel scoring criteamen
who had vaginal discharge were more likely to bedted with BV compared to women who reported no
vaginal discharge (OR 1.6, 95% CI 1.1 to 2.7). lkemt women who had clue cells were more likely ¢oBY
infected than those who had no clue cells (OR%Y% CI 1.8 to 5.2).

Personal hygieneln the bivariate analyses for the three tests, rafrtbe personal hygiene attributes such as
number of times women bathed in a week, items uBethg this bathing, number of times washed their
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underpants, washing of vagina other than durindnibgf washing vagina immediately after sex, doughin
detergent and items used for douching were assaciwgith BV infection.

As summarized in Table 5 the following variablesraltivariate analysis remained significantly asated with
BV infection across the three tests. Women who wergle (OR 1.8, 95% CI 1.1 to 3.1) by Nugent ciétend
(OR 1.6, 95% CI 1.0 to 2.7) by Hay/lIson critertagge who had primary level of education (OR 0.3635 0.2
to 0.9) by Nugent criteria and (OR 0.5, 95% CI ®.®.9) by Hay/Ison criteria, those who tested Wwpdsitive
(OR 3.3, 95% CI 2.1 to 5.5) by Nugent criteria #@dR 2.4, 95% CI 1.5 to 4.1) by Hay/Ison critertagge who
clue cells (OR 2.4, 95% CI 1.4 to 4.3) by Nugeiitecia (OR 2.1, 95% CI 1.2 to 3.7) by Hay/lson eriid and
(OR 2.1, 95% CI 1.1 to 3.3) by Amsel criteria. Fert, women who had vaginal discharge (OR 1.6, 95%.T
to 2.7) by Nugent criteria and (OR 1.7, 95% CI tbh12.8) by Amsel criteria and lastly, women whosetper
used condoms during sexual encounter (OR 1.6, 95% 1Cto 2.5) by Hay/lson criteria were independent
associated with BV infection

Table 3. Characteristic-specific prevalence of BVhfection and bivariate prevalence ratios for BV
infection (vs no infection)

BV positive using BV positive using BV positive Amsel

Variables Frequency s P - value Bivariate L P - value Bivaate L P - value Bivariate
Nugent criteria Hay/Ison criteria criteria
No % uoR (95%cl)  No % uoR (95%cl)  No % uOR (95% CI)
Age
1892C 32 14 43.€ 0.74< 1.2004-3.7, 1t 46.¢ 0.652 1.3(0.4-3.9 12 37.t 0.62: 1.4(0.4-4.9;
21-2E 73 25 34.z 0.911 0.900.3-2.7, 2€ 35.€ 0.96¢ 0.9(0.3-2.8; 25 34.2 0.70¢ 1.3(0.4-4.2
26-30 56 21 37.t 0.95¢ 1.10.4-3.1 24 42.¢ 0.761 1.2(0.4-3.4; 17 30.4 0.864 1.10.3-3.8)
31-3t 2¢ 8 27.€ 0.652 0.700.2-2.5; 1c 34.t 0.92¢ 0.9(0.3-3.1; 9 31 0.84¢ 1.10.3-4.2
>3¢ 11 4 36.4 Referent Referent 4 36.£ Referent Referent 3 27.2 Referent Referent
Occupation
Employed 58 21 36.2 0.89¢ 1.1(0.6-1.8; 22 39.7 0.93¢ 1.10.6-1.7; 18 31 0.83: 0.90.5-1.7,
Business 4C 15 37t 0.81¢ 1.10.5-1.9; 1€ 4c 0.92 1.1(0.6-1.8; 14 35 0.85¢ 1.10.6-1.9
Unemployed 102 36 35 Referent Referent Y 38.¢ Referent Referent 34 33 Referent Referent
Education Level
Primary 85 26 30.€ 0.04¢ 0.5(0.3-0.9 2¢ 34.1 0.04¢ 0.6(0.3-0.9; 28 32.¢ 0.48: 0.8(0.4-1.6,
Secondery 9C 31 34.4 0.101 0.6(0.3-1.1; 34 37.¢ 0.10¢ 0.6(0.3-1.1; 27 30 0.337 0.7(0.4- 1.4,
College/university 26 15 57.7 Referent Referent 1€ 61.t Referent Referent 11 422 Referent Referent
Marital status
Single 3¢ 22 56.4 0.021 1.8(1.1-2.9; 24 61.£ 0.03¢ 1.7(1.1-2.7, 1€ 41.2 0.34¢ 1.3(0.7-2.3)
Married 16C 50 312 Referent Referent 5€ 35 Referent Referent 5C 31.: Referent Referent
Divorced/Seperated/Widowed 2 0 0 ND ND 0 0 0.987 ND o] 0 0.991 ND
Previous abortion
Yes 28 7 25 0.306 0.7(0.3- 1.5) 8 28.6 0.332 0.7(0.3-1.4) 6 21.4 0.261 0.6(0.3-1.4)
No 173 65 37.6 Referent Referent 71 41 Referent Referent 60 .7 34 Referent Referent
Number of sexual partners
1 192 2 28.6 0.148 0.4(0.09 - 1.5) 75 39.1 0.19 0.4(0.08y 1 64 33.3 0.687 0.7(0.09 - 4.8)
>1 7 68 35.4 0.21 0.3(0.04 - 2.1) 2 28.6 0.21 0.3(0.04y 21 1 143 0.376 0.3(0.02 - 4.6)
None 2 2 100 Referent Referent 2 100 Referent Referent 1 50 erévef Referent
Lifetime sexual partner
1 184 66 35.9 0.97 1.1(0.5-2.3) 72 39.1 0.898 0.9(0.4y 2. 60 32.6 0.853 0.9(0.4 - 2.1)
>1 17 6 35.3 Referent Referent 7 4122 Referent Referent 6 3 35. Referent Referent
Age of sexual debut
<18 80 28 35 0.839 0.9(0.7 - 1.6) 32 40 0.942 1.1(0.6-1.7) 25 46.7 0.815 0.9(0.5 - 1.6)
18 37 13 35.1 0.882 0.9(0.5-1.8) 14 37.8 0.906 0.9(0.Br1 53 32.1 0.875 1.1(05-2.1)
>18 84 31 36.9 Referent Referent 33 39.3 Referent Referent 6 8.6 2 Referent Referent
Contraceptive types used
Condoms 12 3 25 0.427 0.6(0.2 - 2.1) 3 25 0.347 0.6(0.9-1. 3 25 0.582 0.7(0.2 - 2.4)
Regular pill/injection/ Coil 100 33 33 0.444 0.8(0.5.4) 37 3 0.484 0.8(0.5- 1.4) 30 30 0.587 0.9(0.5 - 1.5)
Emergency contraceptive 35 14 40 0.957 0.9(0.5 - 1.9) 15 294 0912 0.9(0.5 - 1.8) 14 40 0.716 1.1(0.6 - 2.3)
None 54 22 40.7 Referent Referent 24 44.4 Referent Referent 9 1 352 Referent Referent
Partner circumcised
Yes 152 55 36.2 0.88 1.1(0.6 - 1.8) 60 39.5 0.946 1.1(0.8) 51 33.6 0.755 1.1(0.6 - 1.9)
No 49 17 34.7 Referent Referent 19 38.8 Referent Referent 15 0.6 3 Referent Referent
Condom use
Yes 114 34 29.8 0.096 1.5(0.9 - 2.4) 36 31.6 0.042 1.6(1.1-25) 36 31.6 0.687 1.1(0.7-1.8)
No 87 38 437 Referent Referent 43 49.4 Referent Referent 30 34.5 eferént Referent

No - Number; % - Fercentage; OR - Odd:s ratio; Cl - confidence interval; u - Unedjusted odd: ratio; a - adjusted CR; ND - Not dong Bold - Significant essociation
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Table 4. Characteristic-specific prevalence of BVnfection and bivariate prevalence ratios for BV
infection (vs no infection)

BV positive Nugent

BV positive using

BV positive Amsel

Variables Frequency o P - value Bivariate o P - value Bivaate L P - value Bivariate
criteria Hay/Ison criteria criteria
No % uCR (95%cl) _ No % uoR (95% ) No % UOR (95% CI)
HIV status
Positive 15 8 53.3 0.248 1.9(0.6 -5.4) 9 60 0.243 1.8(@.B) 7 46.7 0.378 1.6(0.5-4.8)
Negative 165 58 35.2 0.629 1.2(0.5-2.9) 63 38.2 0.733 0BH2.5) 53 321 0.786 1.1(0.5- 2.6)
Not tested 21 6 28.6 Referent Referent 7 33.3 Referent &afer 6 28.6 Referent Referent
Previous ST infection
Yes 16 6 375 0.907 1.1(0.5- 2.4) 9 56.3 0.263 1.4(0.9) 2. 6 375 0.735 1.2(0.5-2.6)
No 185 66 35.7 Referent Referent 70 37.8 Referent Referent 60 32.4 Referent Referent
Vaginal Irritation
Yes 7 33 42.9 0.191 1.3(0.9-22) 37 48.1 0.121 1.4(Q.9) 28 36.4 0.492 1.2(0.7-1.9)
No 124 39 315 Referent Referent 42 33.9 Referent Referent 38 30.6 Referent Referent
Abdominal pain
Yes 98 32 47.7 0.465 0.8(0.5-1.3) 35 35.7 0.429 0.8(.8)y 32 32.7 0.965 0.9(0.6 - 1.60
No 103 40 38.8 Referent Referent 44 42.7 Referent Referent 34 33 Referent Referent
Vaginal Discharge
Yes 65 31 47.7 0.044 1.6(1.1-2.5) 33 50.8 0.075 1.5(0.9-2.3) 29 44.6 0.046 1.6(1.1-2.7)
No 135 41 30.4 Referent Referent 46 34.1 Referent Referent 36 26.7 Referent Referent
Yeast cell
Positive 36 13 36.1 0.61 1.1(0.7 - 1.9) 25 44.6 0.454 172(0.9) 23 41.1 0.207 1.4(0.8-2.3)
Negative 165 59 35.8 Referent Referent 54 37.2 Referent rétefe 43 29.7 Referent Referent
Trichomonas vaginosis
Positive 7 4 57.1 0.342 1.6(0.6 - 4.5) 25 446  0.049 2.3(1.1-5.2) 4 57.1 0.26 1.8(0.7 - 4.9)
Negative 194 68 35.1 Referent Referent 54 37.2 Referent rétefe 62 32 Referent Referent
Whiff Test
Positive 66 46 69.7 0.001 3.6(2.2-5.8) 48 72.7 0.001 3.2(2.0-4.9) 66 100 0.985 ND
Negative 135 26 19.3 Referent Referent 31 23 Referent Refere 0 0 Referent Referent
Clue cells
Positive 25 24 96 0.0001 3.5(2.2-5.7) 48 72.7 0.001 3.1(1.9-4.9) 20 80 0.001 3.1(1.8-5.2)
Negative 176 48 27.3 Referent Referent 31 23 Referent Refere 46 26.1 Referent Referent
Weekly bathing times
>7 24 7 29.2 0.803 0.9(0.4 - 2.2) 7 29.2 0.699 0.8(0.3) 2. 6 25 0.49 0.7(0.3-1.8)
7 128 49 38.3 0.581 1.2(0.7 - 2.1) 55 43 0.441 1.2(0.7y 2.1 43 33.6 0.91 0.9(0.6 - 1.7)
<7 49 16 32.7 Referent Referent 17 34.7 Referent Referent 17 347 Referent Referent
Washed vagina other than during
bathing
Yes 154 56 36.4 0.816 1.1(0.6 - 1.9) 61 39.6 0.9 1.1(0.8y 1 49 318 0.649 0.9(0.5-1.5)
No 47 16 34 Referent Referent 18 38.3 Referent Referent 17 2 36. Referent Referent
Viginal washing immediately after sex
Yes 134 51 38.1 0.855 0.9(0.5-1.8) 58 43.3 0.836 1.1(0.6) 43 321 0.821 1.1(0.5-2.3)
No 67 21 311 Referent Referent 21 31.3 Referent Referent 23 43 3 Referent Referent
Practised douching
Yes 15 5 33.2 0.867 0.904-2.3 6 4c 0.96¢ 1.00.4-2.3; 3 20 0.37¢ 0.6(0.2-1.9;
No 186 67 36 Referent Referent 73 39.2 Referent Referent 63 33.¢ Referent Referent
No - Number; % - Fercentage; OR - Odds ratio; CI - confidence interval; u - Unedjusted odd: ratio; a - adjusted CR; ND - Not dong Bold - Significant association
Table 4. Factors independently associated with B\hfection (vs no infection) across three tests
Variables Frequency BV posmve:* uglng P-value  Multivariate BV posmve.us!ng P - value Mutivariate BV pOS.IIIV.e Amsel P - value Multivariate
Nugent criteria Hay/Ison criteria criteria
o % 2OR (95%Cl)  No % 8O0R (95%Cn  No % 20R (95% Cl)
Marital status
Single 3¢ 22 56.4 0.04¢ 1.8(1.1-3.1) 24 61.t 0.047 1.6(1.0-2.7, 1€ 41.2 0.36¢ 1.30.7-25
Married 16C 5C 31z Referent Referent 5€ 35 Referent Referent 5C 31.: Referent Referent
Divorced/Seperated/Widowed 2 0 0 0.99¢ ND 0 0 0.987 ND 0 0 0.99¢ ND
Education Level
Primary 85 2€ 30.€ 0.021 0.5(0.2-0.9) 2¢ 34.1 0.03¢ 0.5(0.3-0.9; 28 32.¢ 0.43¢ 0.7(0.4- 1.5
Seconday 9C 31 34.¢ 0.047 0.5(0.3-0.9) 34 37.¢ 0.907 0.5(0.3-1.0 27 30 0.25¢ 0.7(0.3-1.4,
College/university 2€ 1t 57.1 Referent Referent 1€ 61.t Referent Referent 11 42.% Referent Referent
Whiff Test
Positive 66 46 69.7 0.001 3.3(2.1-5.5) 48 727 0.001 2.4(15-4.1) 66 100 0.985 ND
Negative 135 26 19.3 Referent Referent 31 23 Referent Refere 0 0 Referent Referent
Clue cells
Positive 25 24 96 0.002 24(14-43) 48 72.7 0.008 21(1.2-3.7) 20 80 0.001 21(1.1-34)
Negative 176 48 27.3 Referent Referent 31 23 Referent Refere 46 26.1 Referent Referent
Vaginal Discharge
Yes 65 31 47.7 0.048 1.6(1.1-2.7) 33 50.8 0.122 1.5(0.9-2.4) 29 44.6 0.049 1.7(1.1-2.8)
No 135 41 304 Referent Referent 46 34.1 Referent Referent 36 26.7 Referent Referent
Condom use
Yes 114 34 29.8 0.096 1.5(0.9-24) 36 31.6  0.04¢ 1.6(1.1-25 36 31.6 0.617 1.1(0.7-1.9)
No 87 38 43.7 Referent Referent 43 49.4 Referent Referent 30 34.5 eferéht Referent

No - Number; % - Fercentage; OR - Odd: ratio; Cl - confidence interval; a- edjusted Cdds ratio; ND - Not dong; Bold - Significant assodation

DISCUSSION

In order to prevent and manage any disease/conditiois imperative to understand its epidemiology.
Consequently, this study was a buildup of growiegad for data tackling one of the most common caa$es
vaginal discharge among women of reproductive agaub-Saharan Africa and other developing countfibs
study provided additional data on the prevalena# factors associated with BV infection among wonaén
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reproductive age attending one of the largest midigllel public hospital in the Capital city of KenyFurther,
the study is the first of its kind to provided dama the utility of Hay/Ison criteria; simpler veosi of both
Nugent criteria (exclusively used in research 8gH) and Amsel's criteria (a standard method famical
diagnosis) as a suitable diagnostic test for BV.

The prevalence of BV according using Nugent cidté8core of 7—10) as the gold standard was, 39:18%ther
settings varied BV prevalence have been reporteldding: 48.6% in EthiopiaHitew et al., 2017)29.2% in
US, 24.4% In NepalRanjit et al., 2018). Other rates ranging from 1i37% have also been reported in
Nigeria (Ibrahim et al., 2014), in India (Bhallaadt, 2007), other sub-Saharan Africa (Jesperk,2G14) and in
other industrialized countries (Holzman et al., BO®Reports from other Kenya, Tanzania and Indidies were
consistent with our study. Okuku et al., (2016)oréed a prevalence of 39% in Kenya, Cohen et 2012)
reported BV prevalence rates of 41% in Kenya, wRi¢® et al., (2004) and Baisley et al., (2009) regzbhigh
prevalence rates of 48.5% and 63% in India and d@az respectively. Environmental, behavioral,
socioeconomic status and stressor differences aa@sous geographical region have been implicatethe
intra and inter regional variation in the prevaleé BV.

Hay/ Ison criteria marked by the following attribst first, unlike the Nugent, the method does ebt in the
estimate of the bacterial morphotypes quantityaiadstimates the relationship between the amodridaateria,
thus the field size of the microscope does not lvanfluence on the results (Forsum et al., 2082fond, the
method can be used on slides stained with diffestihing methods as well as on smears with nostaistly,

the method is simple and robust. These attributdk for evaluation of this method in different $egs,
populations and by different readers. To the béswo knowledge, this was the very first study t@leate the
utility of this method against both the Nugent @mdsel scoring methods in Kenya. Comparing the perémce

of Hay/ Ison’s method verses Amsel’'s method usinggéht Gram stain as a gold standard were as fallows
Sensitivity 100% verses 63.9% and specificity 94.8étses 84.5% and Kappa of 0.926 verses 0.126. The
comparable performance of Hay/ Ison to Nugent wss eeported by (Ison and Hay, 2002) reporting kapp
0.89 similar to study by Chawla et al., 2013 witkagppa 0.906 and by Larsson et al., (2004) in SweBHom

our study and concurrence with previous studies$Haethod is very similar to Nugent scoring crigetWVe can
conclude therefore the when there is a lack of imexpertise, Hay/ Ison’s scoring method can hexluss an
alternative method of diagnosis of BV.

In this study women who were single were more Jikieel be infected with BV compared to their married
counterparts in agreement to studies by Koumams.,et2007) and Yen et al. (2003). We postulate $iagle
women were likely to engage in sexual relationshiguding with multiple partners than the marriedmen
who were likely to be monogamous, which has bedtet with increased chances of BV infecti&@slfer et al.,
2015) We reported lower prevalence of BV among women Wwéd primary level of education. On the contrary,
Achondou et al., (2016) reported a higher prevaeot BV among participants who attained only priynar
education or no education at all. These findingseréhe need for public awareness and educatiovagimal
infections in general. Emphasis should be laid mper hygienic practices as well as the bad sifleady sex,
multiple sex partners, change of sex partnerspfisaprescribed drugs and antiseptics amongst ather

Condom use during sexual encounters was not piagesgiainst BV in our study contrary to others hiave
reported otherwise (Bukusi et al., 2006; Okukulgt2®16). In sub-Saharan Africa, the associatietween BV
and male condom use is inconsistent; perhaps tiefie¢he heterogeneity of the formulations. Studies
Burkina Faso, Zimbabwe and Uganda, condom use wtaassociated with BV (Miller at el., 2005; Hutcbam
et al., 2007). In other regions and studies thefigal effect of condom use vis-a-v8/ acquisition have been
reported (Hutchinson et al., 2007; Yotebieng et2009). Women who experienced abdominal painstianse
with milky vaginal discharge were more likely to ipéected with BV in agreement with Mengistie et §2014)
who reported association between the presence rafrafal vaginal discharge and unpleasant smell.tiesi
whiff test as well as the presence of clue celéslay markers of BV positivity by Amsel’s criterilt.is not
surprising that the positivity of whiff test andetipresence of clue cells in our study were assatiaith BV.
This agrees with several studies in different sgti(Amsel et al., 1983; Chawla et al., 2013).

Other factors such as age, occupation, parity ayatette smoking, age of sexual debut, abortiod,raimber of
sexual partners, contraceptive use, partner's wmioision status, HIV/STD infection, vaginal irritafis,
douching were not found associated with BV infetiio this study The relatively small sampled population, the
cross-sectional nature and variation in the testiethod could account for the lack of this assamiat
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Given the above stated limitations, we can concthdefollowing: That in this geographical definedpplation,

the prevalence of BV infection is significantly higSimilar to other studies, certain socio-demobi@@nd
sexual behavior and hygienic practices are impopaadictors of BV infection. The strong agreeminthe
performance of Hay/ Ison’s and Nugent'’s scoringecia “considered the gold standard” implies thayHson’s
method can be used as an alternative to Nugenvsngcmethod. Further Hay/ Ison’s method seems more
applicable for use in large busy hospitals covedrtgrge population.
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