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Abstract
Performance of HPVDNA Test in presence of co-infection with common reproductive
tract infections.
Background- Molecular Hybrid Capture 2 test (HC2) is accepted screening modality for
cervical cancer in developed countries as the test demonstrates a good sensitivity (average
95%). Presently, the issue with the HPVDNA HC2 test in implementing as a primary screening
test in developing countries is its low sensitivity reported (Average 79%). The multicentric
study from India reported the HC2 sensitivity of 68.2% which was substantially lower as
compared to developed countries. India has a huge burden of untreated reproductive tract
infections (RTIs).
Objective- To study whether the presence of clinical cervicitis or co-infections with Lab
diagnosed RTIs interfere with the test result of HPV DNA by HC2 method.
Study design- Case-control study
Method- A total of 508 women, 254 women with clinical cervicitis and 254 asymptomatic
women without cervicitis were enrolled as cases and control respectively. A baseline
cervicovaginal swabs for RTIs and HC2 test samples were collected for all women enrolled in
the study. All women in case arm received syndromic treatment for cervicitis while women in
control arm received no treatment. A repeat cervicovaginal swabs and HC2 test was collected
for all women enrolled in the study after 7-14 days.
Results & Conclusion - The present study demonstrated, the overall detection rates of HPV
by HC2 test to improve by 4.5% among women treated for mucopurulent cervicitis. On
controlling the biological and behaviour determinants by modelling, the study demonstrated
influencing role of mucopurulent discharge associated with cervicitis on the test results of HC2
test.
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Performance of `HPVDNA Test in presence of co-infection with common reproductive
tract infections
Introduction
Cervical cancer has a precancerous stage that can be diagnosed by simple and cost-effective
screening test. It still remains fourth common cancer among women globally and second
common cancer among Indian women.1,2 There is a strong causal association between
persistence of cervical oncogenic Human Papilloma Virus (HPV) and cervical cancer.3,4
The robust study from India have shown that single round of HPV DNA screening test to
significantly reduce the cervical cancer mortality.5 The above findings are very encouraging
since it demonstrates that a simple and reliable HPV DNA Hybrid Capture 2 test (HC2) which
is now available in low income countries has a potential to be accepted as primary screening
test in future. The cross-sectional studies from developed countries

6-14

from year 1999-2004

which focused on test characteristics of HC2 test to determine Cervical intraepithelial neoplasm
grade 2 and above lesions (CIN2+), demonstrated test sensitivity in the range of 90% to 100%
with an average of 95%.
Similarly, the cross-sectional studies from developing countries

15-21

from year 1993 to 2003

which focused on test characteristics of HC2 test to determine CIN2+ lesions, have shown a
sensitivity in the range of 50% to 91% with an average of 79%. Among the developing
countries cross-sectional study from India which evaluated test characteristics of HPV DNA
HC2 in detecting CIN-2+ lesions showed a substantially low sensitivity of 68.2%.20 The study
from Mumbai which was a part of the multicentric study demonstrated a sensitivity of 62%.22
There is a statistically significant difference (p value = 0.003) of sensitivity of cervical HPV
DNA HC2 test between the developed and developing countries to determine CIN2+ lesions
while there is no difference in the specificity. Various reasons for low sensitivity from
RTIs and HPV
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developing countries have been discussed like fluctuations in temperature during transportation
that can lead to denaturation of HPVDNA, improper sampling technique of collecting cervical
HPVDNA, verification biases, prevalence of HPV in a particular geographical area and
availability of HC2 probes of the common HPV types present in a particular area.15-22
The burden of RTIs are expected to be high among middle- and low-income countries as these
countries lack development of quality care and treatment for STIs/RTIs (sexually transmitted
disease/reproductive tract infections) services due to resource constrains as compared to high
income countries. The Mid -term review of STI services by National AIDs control Program
India (NACO) in 2009 reported 8.2 million episodes of STIs treated. The most common
bacterial RTIs reported from India is Bacterial vaginosis followed by Candidiasis.23 In middle
income country like India, the burden of RTIs is expected to be higher than reported in the
literature due to factors like illiteracy, ignorance, cultural norms, limited health care facilities
for screening RTIs and poor access to health care facilities if available.24,25
Cervical cancer screening tests can have a potential to be affected by inflammation caused by
RTIs. Liu W et al conducted a study among Chinese women to detect the prevalence of HPV
genotype among three groups of women, group 1- mucopurulent cervicitis, group 2-healthy
women and group 3- women with Invasive cancer. The author reported a 10% higher failure
rates to extract HPV DNA in cases of mucopurulent cervicitis as compared to other two
groups.26
Since the potential of any primary screening test to be adopted by a country depends on the
sensitivity of the test, it becomes important to address the issue of sensitivity of HC2 test from
Indian context. HPVDNA HC2 test is considered as a gold standard test to diagnose HPV
infection, but the limitation of the test is, there is no inbuilt mechanism to monitor cell
adequacy.27 The current study explored, if cervicitis caused due to RTIs resulting in

RTIs and HPV

2

SYNOPSIS….

mucopurulent discharge is hampering the detection rates of cervical HPV leading to false
negative test results of HC2 test. This may be one of the factors affecting the sensitivity of the
test due to cell inadequacy.
Aim of the study
To study if concomitant RTIs leading to cervicitis interfere with performance of HPVDNA
HC2 testing
Objective of study
A] Primary objective
1. To study whether the presence of clinical cervicitis /or co-infections with Lab diagnosed
RTIs interfere with the result of HPV DNA testing by HC 2 method.
B] Secondary Objective
1. To determine the prevalence of HPV infection in women with and without clinically

diagnosed cervicitis.
2. To determine prevalence of HPV infection in women with lab diagnosed RTIs.

(Gonococcal, Non- Gonococcal infections, Bacterial Vaginosis, Candida)
Ethical clearance
The study was a collaborative study between Department of Microbiology, Unit-1 of
Obstetrics and Gynecology Department of H.B.T.M. College & Dr R. N. Cooper Hospital.
(Cooper Hospital) with Preventive Oncology Department of Tata Memorial Hospital (TMH).
The study protocol was reviewed and approved by the ethics committees and institutional
review board of the participating centres respectively. The study was initiated after registering
with Clinical Trial.gov. Clinical Trial.gov.NCT02830230

RTIs and HPV
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Study Design
Case- Control
Criteria for cases
Sexually active non-pregnant women aged 30–50 years with clinically diagnosed unhealthy
cervix with signs of cervical inflammation that bleeds on touch associated with mucopurulent
or purulent discharge (mucopurulent cervicitis) present on per speculum examination,
irrespective of symptoms.
Criteria for controls
Sexually active, non-pregnant women aged 30–50 years, asymptomatic pertaining for RTIs
complaints and no signs of cervicitis or vaginitis on per speculum examination.
Exclusion criteria for study
1.The women who received any antibiotics or treatment for reproductive tract infection (RTIs)
within the last 4 weeks before enrolment.
2. Women with present or past history of treatment for cervical cancer.
3. Women with only vaginitis without cervicitis for the case arm.
4.Women with history of drug allergy to treating drugs
(Cefixime, Azithromycin, Secnidazole, Metronidazole, Doxycycline, Fluconazole).
5.Women not willing to follow up
6.Women currently on antitubercular drugs, or with a known history of immunodeficiency
syndrome.
7.Women who received any HPV vaccination in the past.

Sample Size –(calculated by nMaster 2.0 software)
The prevalence of cervical HPV in general population of India is estimated to be 7.110.3%.28,29 In order to detect 10% difference in cervical HPV detection rates by HC2 test after

RTIs and HPV
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treatment of mucopurulent cervicitis, with 80% power and error of 5%, the sample size
estimate was165 women. Further assuming an attrition rate of 20% for treatment failure and
15% loss to follow up the sample size was worked out to be 254 women. Thus, a total of 508
women, 254 with cervicitis (case arm) and 254 asymptomatic and without cervicitis/vaginitis
(control arm) were enrolled into the study.
Study setting
In the present Study the women were enrolled from Unit-1 of Obstetrics and Gynecology
Department of Cooper Hospital and Department of Preventive Oncology Tata Memorial
Hospital (TMH). All the women enrolled at Cooper Hospital were registered with Preventive
Oncology Department, TMH for further evaluation and processing of HPV samples. The
cervicovaginal slides collected for lab diagnosis of RTIs were heat fixed and transported to
Microbiology Department of Cooper Hospital for Gram staining and HPVDNA samples were
sent to Microbiology Department of TMH for further processing. The microbiologists were
blinded to the allocation of the women to case/control arm.
Material and methods
Among women visiting the Departments of Preventive Oncology (TMH) and Obst & Gynae
(Cooper Hospital) during the period of August 2016 to August 2018, sexually active, nonpregnant women in the eligible age group of 30-50 years were counselled about the study and
invited to participate in the study. The women who satisfied the eligibility criteria were
consented for recruitment in the study. Among these, women with clinical mucopurulent
cervicitis on per speculum examination (P/S) were enrolled under case arm and asymptomatic
women without clinical cervicitis/vaginitis were enrolled under control arm. The women were
then interviewed for sociodemographic data, reproductive history, medical history and
symptoms pertaining to RTIs which was captured on a prestructured validated proforma.
Smears of cervicovaginal discharge for Gram stain followed by HPVDNA HC2 test were

RTIs and HPV

5

SYNOPSIS….

collected for all the women enrolled in the study. A per vaginum examination (P/V) was done
to rule out pelvic inflammatory disease (PID). All the women enrolled in the case arm received
syndromic treatment while the women in control arm received no treatment. All women
enrolled in the study were asked to follow up between 7-14 days after the first visit and were
counselled for sexual abstinence or use of barrier contraception (condoms) till she reports for
her second follow up.
Instructions for follow up – Women in the case arm were advised to stop the vaginal pessary
at least 3 days before she reports for the second sample collection and no samples were
collected during menstrual cycle.
On follow up visit, the compliance for sexual abstinence/use of barrier contraception were
noted for all women. A repeat P/S was done and clinical finding were noted. (for clinical cure
of cervicitis among women in case arm/signs of new infection among women in the control
arm.) A repeat cervico-vaginal swab followed by HPVDNA HC2 test were collected for all the
women. A repeat P/V was done to assess the clinical cure among the women with PID at
baseline visit. A colposcopy was done for all women and cervical biopsy was taken if needed
as a part of standard operating protocol (SOP) for the Department of Preventive Oncology,
TMH. No repeat samples were collected after an interval of 30 days even if the women
followed up. These women received treatment as per SOP of the Preventive Oncology
Department. Women in the control arm were treated for Lab diagnosed RTIs at follow up visits.

RTIs and HPV
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Methodology flow chart

Note- All women enrolled in the study was advised for sexual abstinence/use a barrier
contraception till follow up visit.
Laboratory diagnosis for screen positivity 30,31
A] Screen positive criteria for RTIs on Gram stain
1] Gram stain diagnosis of Candidiasis.
Gram stain smear showing the presence of budding yeast cells and pseudo hyphae
in presence of clinical cervicitis.
2] Gram stain diagnosis of Bacterial vaginosis (BV)
The Gram stained slides were evaluated for BV using Nugent scoring system. A
score of 7-10 was taken to be consistent with a diagnosis of BV.
3] Gram stain diagnosis of Gonococcal infection
Gram stain showing gram negative diplococci on endocervical smear.
RTIs and HPV
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4] Non-Gonococcal infection- (NGI) (surrogate marker for Chlamydial infections)
Clinical cervicitis with >10 pus cells/ per high power field on microscopic examination
with no other pathogenic organism present.

B] Criteria for positive test of HPV DNA test 27
HPV DNA was processed by Hybrid Capture 2 method which is a nuclei acid hybridization
assay with signal amplification that uses microplate chemiluminescent detection. The relative
light unit (RLU)/cut off ratio equal to or greater than 1, corresponding to 5000 or more copies
of the virus was considered positive test.

Pharmacotherapy
All the women in case arm were given syndromic treatment on baseline as per National AIDS
Control Organization guidelines (NACO).32

Statistical Analysis
The data was captured in SPSS-version 25. Distribution of variables under study were
represented by descriptive statistics. Comparisons of baseline characteristics between women
enrolled in case and the control arm were assessed by Pearson’s χ2 test and Mann-Whitney U
tests for categorical & continuously-scaled data respectively. Role of risk factors on presence
of cervicitis were assessed by using Binary Logistic Regression. Analysis was performed by
Statistical Packages for Social Sciences (Version 25.0, IBM Corp., Armonk, NY) & R version
3.5.1.

RTIs and HPV
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A] Analysis of primary objective
The primary objective of the study was to determine, if concomitant HPV infections with RTIs
leading to mucopurulent cervicitis interfere with performance of HPVDNA HC2 testing. As
per the hypothesis of the study, we expected the detection rates of cervical HPV to increase
among women in the case arm after treatment of cervicitis with a course of antibiotics, if
women were harbouring HPV at baseline visit. The similar changes were not expected in the
control arm. The control arm would reflect the natural history of HPV in healthy women.
The present study demonstrated the case/control arm equally dynamic with regards conversions
of HPV outcome status captured by HC2 test. There were fix effect/fix variable (clinical
cervicitis) which the present study was powered to study its effect after treatment on the HPV
DNA outcome status (outcome variable). There were conversions of HPV outcome status also
seen within the control arm in a short period of time, so we expect certain uncontrolled random
events /unexplained host factors to have influenced our HPV test results causing subjective
variations in test results. The primary objective of the study was analysed using Linear Mix
Effect Model (LME). The subjective variations within and between the study arms were
accounted for, by including individual level variations as a random variable in LME model.
The LME model takes into account the effect of fix variable (clinical cervicitis in the present
study) and random variable (individual women in present study) on the outcome variable. (HPV
status positive/not detected in present study).

B] Analysis of secondary objective
1] Prevalence of HPV infection in women with and without clinically diagnosed cervicitis
was represented by Cross tabulation. Association between presence of HPV infection and
clinically diagnosed cervicitis was tested by chi square test. Odds of having HPV infection

RTIs and HPV
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among women with cervicitis as compared to women without cervicitis was calculated by
binary logistic regression.
2] To determine the prevalence of HPV infection in women with lab diagnosed RTIs,
frequency with percentages were reported of women with co-infection of HPV with Candida,
Bacterial Vaginosis and Non-Gonococcal infection.

Results
A] Characteristics of study population
Fig 1: Study flow chart showing baseline and follow up status of women enrolled in the
study.

Eligible women consented for enrolment
in age group of 30-50 years N= 508

RTIs and HPV

Case
N= 254

Control
N= 254

Range of follow up= 7- 30 days
Median follow up= 13 days

Range of follow up= 7-29 days
Median follow up= 11 days

Lost to follow up= 10

Lost to follow up = 8

HC2 test results not
available=1

HC2 test results not
available=1

Gram stain results not
available =0

Gram stain results not
available.
Baseline & follow up=3
Follow up visit=4
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As shown in Figure 1, among women attending the department of Preventive oncology,
sexually active non-pregnant women in the eligible age group of 30-50 years were
counselled about the study and invited to participate in the study. 508 women satisfied for
the eligibility criteria who consented for recruitment in the study, among these 254 women
satisfying the criteria for cases were enrolled in case arm and 254 women satisfying the
criteria for controls were enrolled in control arm. The range of follow up visit in case arm
was 7-30 days, median follow up interval was 13 days. Among 254 women enrolled under
case arm at baseline visit, 244 women followed up. 10 were lost to follow up and HC2 test
result was not available for 1 woman at follow up visit.
Among 254 women enrolled under control arm at baseline visit, the range of follow up visit in
this arm was 7-29 days, median follow up interval was 11 days. 246 women followed up and
8 were lost to follow up. HC2 test result was not available for 1 woman at follow up
visit. Among women in the control arm Gram stain results of baseline visit were not available
for 3 women and Gram stain result were not available for 4 woman at follow up due to loss of
slides during transportation.

B] Descriptive analysis
In the present study majority of women were in age group of 30-40 years (66.8%) and the
median age of the women enrolled in case arm was 37 years and 38 years in the control arm.
There was no difference in sociodemographic and reproductive characteristics of women at
baseline visit enrolled in case and control arm except clinical cervicitis in case arm versus
asymptomatic women with no cervicitis in control arm (Table-1).

RTIs and HPV

11

SYNOPSIS….

Table 1: Comparison of sociodemographic and reproductive characteristics of women
enrolled in case and control arm at baseline Visit
Total
N=508(%)

Case Arm
N=254 (%)

Control Arm
N =254(%)

41-50 years

169(33.3)

84(33.1)

85(33.5)

30 to 40 years

339(66.8)

170(66.9)

169(66.5)

Median (IQR)*

-

37 (9)

38 (8)

Married
Single/separated/
widow**

484(95.3)
24(4.7)

241(94.9)
13(5.1)

243(95.7)
11(4.3)

Illiterate/primary

56(11.0)

32(12.6)

24(9.4)

Secondary(upto12th)

204(40.2)

102(40.2)

102(40.2)

College/university

248(48.8)

120(47.2)

128(50.4)

Hindu

471(92.7)

239(94.1)

232(91.35)

Muslim

25(4.9)

11(4.3)

14(5.5)

Christian/Sikh

12(2.4)

4(1.6)

8(3.1)

326(64.2)
182(35.8)

170(66.9)
84(33.1)

156(61.4)
98(38.6)

Rs 25000 or below

255(51)

119(46.9)

136(53.3)

Rs 25001 and above

225(45)

119(46.9)

106(41.7)

Income not known

28(5.5)

16(6.3)

12(4.7)

Co-variates
Age

Marital status
Level of
education

Religion

Occupation
Monthly family
income

Category

House wife
Working women

Age of Menarche

Median (IQR)

-

13(1)

13(1)

Age of Marriage

Median (IQR)

-

22 (6)

23(6)

168(33.1)
311(61.2)
29 (5.7)

86 (33.9)
150 (59.1)
18 (7.1)

82 (32.3)
161(63.4)
11(4.3)

6(1.2)

3(1.2)

3 (1.2)

502 (98.8)

251(98.8%)

251(98.8)

Parity

Menopause

P0-P1
P2-P3
P4+
Yes

No
*Interquartile range **Sexually active

RTIs and HPV
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Table 2: Comparison of contraceptive use and risk factors for reproductive tract infection
among women enrolled in case and control arm at baseline Visit

Co-variates
Contraceptive
use reported

Number of
sexual
partners
Tobacco use
reported
Previous
history of
RTI**
treatment

Category

Total
N=508(%
)

Case Arm
N=254 (%)

Control Arm
N =254(%)

Regular barrier
user
Other
contraceptive
user*
No contraceptive
users

60(11.8)

28(11)

32 (12.6)

172 (33.9)

93(36.6)

79 (31.1)

276 (54.3)

133(52.4)

143(56.3)

Single

481(94.7)

234(92.1)

247(97.2)

Multiple

27(5.3)

20(7.9)

7(2.8)

Non user

476(93.7)

238(93.7)

238(93.7)

32(6.3)

16(6.3)

16(6.3)

330(65)

129(50.8)

201(79.1)

178 (35)

125(49.2)

53(20.9)

User
No previous
history of RTI
treatment
Previous history
of RTI treatment
reported

P value
OR(CI)

0.413

0.014
3
(1.3-.3)
1.000

0.001
3.6
(2.5-5.4)

*Tubectomy/Oral contraceptive pills/Intrauterine contraceptive device/Vasectomy.
** Reproductive tract infection.

As seen in Table 2, among the study population only 11.8% of women reported regular use of
barrier contraception, 33.9% reported the use of other methods of contraception and 54.3%
reported no use of contraception. There was no difference in the patterns of contraceptive use
between women in the case or control arm. A total of 94.7% women in the study population
reported single sexual partner while 5.3% women reported having multiple sexual partners.
Among the women who reported history of multiple sexual partner, the history of multiple
sexual partner was reported 3 times higher among women in case arm than in the control arm.
Tobacco use were reported in 6.3% women in the study population. A total of 35% of women
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reported a past history of RTI treatment. The past history of RTI treatment reported was 3.6
times higher in women in the case arm than the control arm.
Table 3: Reproductive tract infection reported on Gram stain among women at baseline
visit

Category of screen positive criteria for
RTIs on Gram stain

Category of women enrolled in study
Cases
*Control
Total
N=254
N=251
N= 505
(100%)
(100%)
(100%)

239 (94)
10 (4)
249 (49.3)
Overall positivity rates of RTIs**
Distribution of organism reported on Gram stain
(criteria for screen positive for RTI infection)
Bacterial vaginosis
(Nugent score > 7)
95 (37.4)
10 (100)
105 (20.8)
Candidiasis
(Presence of pseudohypae on the Gram
15 (5.9)
0
15 (3)
stain in presence of clinical cervicitis)
Bacterial vaginosis with Candidiasis
(Nugent score> 7 and presence of
17 (6.6)
0
17 (3.4)
pseudohypae on the Gram stain in presence
of clinical cervicitis)
Non Gonococcal Infection
(Clinical cervicitis and Gram stain showing
112 (44.1)
0
112 (22.2)
> 10 pus cells/HPF and no other pathogen
reported)
*The above table includes women with Gram stain results available at baseline visits.
**Reproductive tract infection

The positivity rates for at least one RTI was 94% among women enrolled in the case arm versus
4% in the control arm at baseline visit. Among women in the case arm, 37.4% women had BV
reported on Gram stain, 5.9% women had Candidiasis reported, 6.6% women had multiple
infection of BV with Candidiasis and 44.1% women were reported to have NGI on Gram stain
smear. Among 10 women diagnosed with RTI in the control arm, all women had BV reported
on the Gram stain smear. The overall positivity rates of RTIs in the study population was
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49.3%. NGI and BV were the common RTIs reported. No Gonorrhoea was reported on Gram
stain smears among the women in the study population (Table-3).
The Figure 2 presents the test results of HPVDNA HC2 at baseline and follow up visit. HPV
test results of baseline and follow up visits were available for 243 in the case arm and 245 in
the control arm.
Among 243 women in the case arm, 14.4% (n=35) were detected HPV positive and in 85.6 %
(n=208) HPV was not detected at baseline visit. Among 35 women with HPV positive at
baseline visit, 74.3% (n=26) remained HPV positive and in 25.7% (n=9) HPV was not
detected on follow up visit. Among 208 HPV negative women at baseline visit, in 5.3%
(n=11) HPV was detected on follow up visit after treating cervicitis while 94.7% (n= 197)
remained HPV negative.
Among the 245 women in the control arm, 5.3% (n=13) women were detected HPV
positive and in 94.7% (n=232), HPV was not detected at baseline visit. Among the 13
women with HPV positive at baseline visit, 53.8% (n=7) remained HPV positive and in
46.1% (n=6) HPV was not detected on follow up visit. Among 232 HPV negative women
at baseline visit, in 1.7% (n=4) HPV was detected at follow up visit, while 98.3% (n=228)
remained HPV negative on follow up visit.
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Fig 2: HPVDNA test results among women at baseline and follow up visit

Note-The above Fig includes women who followed up and had HC2 results available for baseline and follow visits
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Table 4: Distribution of women according to HPV DNA test results at baseline and follow up
visit
HPVDNA Conversions

Case Arm
N=243(%)

Control Arm
N=245(%)

Repeat test +ve (+) (+)

26(10.7)

7(2.9)

Repeat test -ve (+) (-)

9(3.7)

6(2.4)

Assumed false negative (-) (+)

11(4.5)

4(1.6)

197(81.1)

228(93.1)

No conversions (-) (-)

(+) (+) = HPV detected at baseline and follow up visit. (repeat test positive)
(+) (-) = HPV detected at baseline visit and not detected at follow up visit. (repeat test negative)
(-) (+) = HPV not detected at baseline visit and detected at follow up visit. (assumed false
negative at baseline)
(-) (-) = HPV not detected at baseline and follow up visit. (no conversion)

Table 4 shows the overall distribution of women with HPV test results at baseline and follow up
visit at median interval of 2 weeks. The overall repeat test positive result for HPV in the study
population was 10.7% in case arm versus 2.9% in the control arm. The overall women with
repeat test negative result were 3.7% in case arm and 2.4% in the control arm. The
conversion of HPV test results from HPV not detected at baseline visit and detected at
follow up visit was reported to be 4.5% after treatment of RTIs in case arm versus 1.6%
among asymptomatic women in control arm with healthy cervix. 81.1% women in case
arm and 93.1% women in control arm were negative at baseline and follow up visit.
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Fig 3: Therapeutic cure rate for lab diagnosed Reproductive tract infection

*The above Fig includes women who followed up and had gram stains results available for baseline
and follow visits to assess the therapeutic effect of syndromic treatment.

Among women who followed up, Gram stains results of baseline and follow up visit were available
for 244 women in case arm and 242 women in the control arm. Among 244 women in case arm who
received treatment for RTIs, the burden of RTIs was significantly reduced from 94.3% to 8.6%. The
prevalence of BV reduced from 43.8% to 3.7%, Candidiasis reduced from 12.3% to 0.8% and NGI
reduced from 45% to 4.1%. Among 242 women in control arm who received no treatment for RTIs,
the prevalence of asymptomatic BV increased from 3.7% to 6.7% at follow up visit in absence of
clinically evident genital infection. The women in the control arm received treatment for BV on
follow up visit (Figure-3).
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C] Primary Analysis
1. To study whether the presence of clinical cervicitis /or co-infections with Lab diagnosed RTIs
interfere with the result of HPV DNA testing by Hybrid Capture 2 method.

Table 5: Estimates obtained through Linear Mix Effect model for primary objective
Sr.no

Parameters

Regression
Estimates

Standard
error

P value

Regression Estimates
(Confidence interval)

0.04

0.02

0.040

0.00-0.09

1.

Intercept

2.

Intervention
(case/control)

0.09

0.02

0.001

0.05-0.14

3.

Visit
(BL, FU)*

0.00

0.01

1.000

-0.02- 0.02

*BL= Baseline visit. FU= Follow up visit

There were conversions of HPV outcome status demonstrated in case and control arm. To know
the true effect of our intervention on the outcome status of HPV captured by HC2 test, the
subjective variability at individual level along with fix variable (clinical cervicitis in the present
study) were taken into account by applying Linear Mix Effect model. The model as shown in Table
5 estimated the effect of clinical cervicitis on test results of HC2 test on follow up visit. The p value
observed for the variable, interventional arm (case arm) / control arm in the model was significant
(p= 0.001). The model demonstrated that intervention given for clinical cervicitis played an
influencing role on modifying (increasing) the detection rates of HPV by HC2 test.
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D] Analysis for secondary objectives of the study.
1. To determine the prevalence of HPV infection in women with and without clinically diagnosed
cervicitis.
Table 6: Prevalence of the HPV infection among women enrolled in case and control arms at
baseline visit

HPV
by
HC2
Day-1

HPV negative
HPV positive

Case
Control
N=254 (%) N=254 (%)
218(85.8)
241(94.9)
36(14.2)

13 (5.1)

Total
N=508 (%)
459(90.4)
49 (9.6)

OR
(95% CI)
3
(1.5%-5.9%)

p value
0.001

The overall prevalence of HPV in the present study was 9.6% at baseline visit as seen in Table
6. The prevalence of HPV infection among women in case arm was 14.2% as compared to 5.1%
among women in the control arm. The risk for HPV infection was observed 3 times higher in
women in the case arm as compared to women in the control arm (OR=3, CI-1.5%-5.9%).

2. To determine the prevalence of HPV infection in women with lab diagnosed RTIs at
baseline visit.
Table 7: Prevalence of HPV infection in women with lab diagnosed RTIs at baseline visit
Organism reported

HPV positive
N = 31

HPV negative
N= 218

14 (13.3)

91 (86.7)

0

15 (100)

BV with Candidiasis

2 (11.8)

15 (88.2)

17 (100%)

NGI***

15 (13.4)

97 (86.6)

112 (100%)

BV**
Candidiasis

Total*
N= 249
105(100%)
15 (100%)

*Table includes women with Lab diagnosed RTIs among women at baseline visit.
RTIs and HPV
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**Bacterial Vaginosis, ***Non-Gonococcal infections.
Among the total 105 BV reported at baseline visit, the prevalence of HPV infection reported was
13.3%. There was no HPV reported among women diagnosed with Candidiasis. Among multiple
infection reported on Gram stain with BV and Candidiasis, the prevalence of HPV was 11.8% and
prevalence of 13.4% was reported among women diagnosed with NGI (Table-7).
Discussion
The molecular HC2 test is a FDA approved test extensively validated in various cross-sectional
studies worldwide. The advantage of this test as compared to other cervical cancer screening test is
the reproducibility and standardization. The test identifies the women who may be at a risk of
developing cervical cancer due to presence of high-risk HPV. The Multicentric cross-sectional Indian
study demonstrated the potential of HC2 test to be accepted as a primary screening test. 5 The
advantage of HPVDNA screening test is a good sensitivity and specificity reported from developed
countries, longer screening interval if women is tested negative, the minimal resources and
manpower needed for performing the test and potential of being self-collected.

Rationale - Currently there is an issue of low sensitivity of the test reported from the Indian
context.20,22 The false negative test results is a known factor to affect the sensitivity of any test. The
burden of false negative test errors for HC2 test is estimated to be around 1.1.to 7.5%.33 The common
factors known to cause false negative test results of HC2 are vaginal creams and jelly,34 improper
sampling technique that may result in less cell collection,20 improper temperature during
transportation and storage that may cause denaturation of HPV DNA.15 Since there is an issue of low
sensitivity of HC2 test reported from Indian studies, the present study evaluated the probable role of
RTIs resulting in false negative test errors of HC2 test. In the current study, the known factors for
RTIs and HPV
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false negative test errors were controlled – 1. Since there is a possibility of substances like antifungal
cream, vaginal pessaries affecting the cell adequacy, women in case arm who were advised vaginal
pessary as a part of RTI treatment were advised to stop the use of pessaries at least 3 days prior to
second sample collection.34 2. The sampling technique, transportation, storage of samples was
conducted as per the SOP of Microbiology department of TMH which has NABL accreditation.
To prevent new incident HPV infection during study period all women were counselled for sexual
abstinence or use of barrier contraception. All women were advised to follow up within 14 days as
the latency period of cervical HPV is proposed to be 2-4 weeks.35,36,37 The study demonstrated no
difference in women enrolled in case and control arm pertaining to sociodemographic data (Table 1)
except clinical cervicitis in case arm. Among the risk factors for RTIs causing cervicitis, the history
of multiple sexual partner and the recurrent history of RTI treatment were associated more among
women in case arm than in the control arm (Table 2). The prevalence of lab diagnosed RTIs reported
in case arm at baseline visit was 94% versus 4% in control arm (Table 3).

1. Repeat test positive (Persistence) with HPV on follow up visit.
The outcome of HPV test on follow up visit (follow up range 7-30 days, median follow up case
arm=13 days, control arm=11 days) with that of baseline results, demonstrates some key findings of
the study with respect to presence of laboratory reported RTI infections. (Fig 2). The overall
persistence of HPV was reported higher among women in case arm (10.7%) than control arm (2.9%)
as seen in table 4, demonstrating that existing cervicovaginal coinfections may interfere with natural
history of HPV infections.38-41
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2. Repeat test negative (Clearance) with HPV infection on follow up visit.
The study demonstrated clearance of HPV (HPV detected at baseline visit and not detected on follow
up visit) within a short interval of 11-13 days. The proposed causes of these changes are - The HPV
infections are transient and mostly clear within a short period of time.42-44 Different authors reported
different clearance rates at various interval of time. At present there is no consensus on definition of
transient period (clearance) of HPV infection. The screening intervals,43-48 the innate host
immunity,49-51 presence/absence of STIs/RTIs,38-41 type specific HPV,45,47 and viral loads52 are known
factors to affect cervical HPV clearance rates. There lies a possibility of HPV infections to be
transient due to recent deposition of semen through sexual contact with an infected partner. These
infections are likely to disappear if the test is repeated within a couple of weeks. The possibility of
cross reactivity of probes of HC2 test leading to low RLU titers associated with weak signals cannot
be entirely ruled out to be a causative factor for false positive test results.34, 53-56

3. HPV not detected at baseline & detected at follow up visit.
The present study demonstrated overall 4.5 % women, detected with HPV infection who were tested
negative at baseline visit in case arm. These women had received treatment for mucopurulent
cervicitis (table 4). The burden of RTIs in the case arm showed reduction from 94.3% at baseline
visit to 8.6% on follow up visit after treatment. (fig 3) This supports the hypothesis of current study
that mucopurulent discharge associated with RTIs can affect the cellularity for HC2 test. However,
the control arm in the study also demonstrated 1.6 % increase in detection rates of HPV on follow
up visit which was not expected.
The proposed causes for these (negative at baseline and positive on follow up) variations are, FirstCell inadequacy that may affect the test assay results, which is our proposed hypothesis.57-59 SecondRTIs and HPV
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Among the risk determinants for HPV infection the most important determinant, consistently
reported in epidemiological studies is sexual activity. Infection and reinfection with HPV are strongly
associated with sexual activity.60 Third- The role of condoms in preventing new infection in crosssectional studies is difficult to demonstrate due to transient nature of HPV infections. The limitation
of the unavailability of specific data in literature review on close skin to skin contact which is a
recognized mode of HPV transmission and subjective biases in reporting history of condom breakage
gives rise to controversial role of condoms in completely preventing HPV infections.35,61

4. The impact of treatment of co-infections with HPV on HC2 test results. (Primary objective)
The present study demonstrated overall 4.5% increase in detection rates of HPV by HC2 test after
treating cervicitis. In the study there were conversions of HPV outcome status (HPV detected/HPV
not detected) happening within (case/control) and between the study arms at different time points.
There were variables (fix variables) which we wanted to study their effect on HPV outcome status
after intervention, like clinical cervicitis- (that represented case/control arm) and visits (that
represented the effect of treatment on HPV detection). Second, we assume there would be
factors/events which may have influenced our HPV test results leading to these variations. These
factors/events needed to be accounted like 1.The possibility of women wrongly reporting the history of condom usage.
2. Reporting of sexual partners (single/multiple) may be subjected to cultural biases.
3.Clearence due to low RLU titers.
4. Role of innate host immunity in clearance of cervical HPV.
5. Many more unknown factors that may be there due to gaps in literature pertaining to natural history
of HPV.
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Amidst above variations in HPV outcome status observed in the study that were assumed to be caused
due to uncontrolled factors (reporting of sexual history/condom history by woman) and unassessed
biological host factors (Innate immunity, other unknown factors), it becomes important to know the
true effect of our intervention in improving the detection rates of HPV by HC2 test after treating
cervicitis among women in the case arm (proposed hypothesis of the study). The generalised LME
model was used to analysed study result. The model took into consideration the fix variable (clinical
cervicitis & visits) and also the individual level subjective variations caused by the above-mentioned
factors/events by including individual women as random variable in the LME model. The model
demonstrated a significant role of clinical cervicitis (mucopurulent discharge) to influence the
detection rates of HPV by HC2 test (Table 5).

5. Prevalence of HPV in clinical cervicitis and lab diagnosed RTIs. (secondary objective)
The prevalence of HPV infections demonstrated in present study was significantly higher in women
with cervicitis (Table-6). The study also demonstrated high prevalence of HPV among women
diagnosed with RTIs (BV, NGI, Candidiasis) as observed in Table 7. Cervical inflammation
associated with RTIs acts as a prognostic risk factor for persistence and integration of oncogenic
HPV leading to precancerous and cancerous lesion of cervix.38, 39 The present study demonstrates the
need to screen, diagnose and treat RTIs promptly in an attempt to reduce the burden of cervical cancer
for the country.
Limitations of present study.
1. The possibility of cross reactivity of probes of HC2 test with low RLU titers associated resulting
in false positive HPV results at baseline visit cannot be entirely ruled out.
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2. The limitation of the present study was the results were not validated by PCR test for cell adequacy
due to cost constrains of the HPV PCR test.
Key findings (Conclusions)
1.

The study demonstrated high detection rates of HPV (14.2%) among women with clinical
cervicitis (case arm) versus detection rates of HPV (5.1%) among women without cervicitis
(control arm) at baseline visit.

2.

The overall persistence rates of HPV in case arm (10.7%) was higher than the control arm
(2.9%), thereby leading us to conclude that the presence of cervico-vaginal co-infection/s
interfere with the natural history of HPV infection. We however do not rule out the possibility
of other hitherto unknown variables, which could be the subject of future investigation.

3.

The study demonstrated good efficacy of syndromic management in significantly reducing the
burden of lab diagnosed RTIs. The study findings support syndromic treatment for RTIs for
resource constrained countries.

4.

The present study demonstrated the overall detection rates of HPV to improve by HC2 test by
4.5% among women treated for mucopurulent cervicitis. On controlling the biological and
behaviour determinants by modelling, the study demonstrated influencing role of mucopurulent
discharge associated with cervicitis on the test results of HC2 test.

5.

Though the study did not reach proposed statistically significant level of 10% difference in
positivity rates of HPV detection after treatment of RTIs, the outcome of present study provide
proof of concept that concomitant RTIs interfere with the accuracy of HPV detection by HC2
method, which was our proposed hypothesis.
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INTRODUCTION

Cervical cancer is a global health issue among women in reproductive age group. It is the fourth
most common cancer reported among women globally and second most common cancer
reported among Indian women.1,2 As per Globocan 2018 estimates, 569,847 new cervical
cancer cases and 311365 cervical cancer deaths were reported worldwide. Substantial burden
of cervical cancer is contributed by developing countries.1,2 The social determinants like
illiteracy, lack of awareness to the fact that cervical cancer is a preventable disease and the lack
of priority given to health issues by women in developing countries contributes to high burden
of cervical cancer reported from these countries. At national level, factors contributing to high
burden are lack of good quality screening programs, access to these services and inadequate
coverage of population which are crucial components for effective cervical cancer screening
programmes.3 Among the South Asian countries, India is reported to have huge burden of
cervical cancer with 96,922 incident cases and 60,078 deaths cases reported as per Globocan
2018 estimates.1,4 India contributes 23% of the global burden of cervical cancer.5 Most Indian
women present with advanced stages of cancer in hospitals which is associated with low
cancers survival rates. The 5-year survival rates for cervical cancer for India, using population
based cancer registry (PBCR) data was reported to be 46% which was comparably very low
when matched to other Asian countries.6 The high incidence and low survival rates of cervical
cancer reported from India emphasizes on the need of prompt diagnosis and treatment of
cervical cancers with cost effective screening tools and treatment regimes. A cost-effective
screening tool in terms of high sensitivity, necessitating less frequent screening rounds and
achieving adequate population coverage is a pre-requisite for success of cervical cancer
screening program at a national level.
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Human papilloma virus (HPV), a sexually transmitted infection, is the necessary cause for
cervical cancer worldwide.4,7 At present, there are about 15 HPV types recognized to be
cancer-causing (oncogenic types) with type 16 and18 contributing to 70% of cervical cancer
burden globally.4,8,9 There is a strong causal association between persisting genital tract
infection with oncogenic HPV and gradual progression of the infection to invasive cervical
cancer.7,10 As per natural history of HPV, the cervical cancer has a recognised multistage
ranging from- a) Acute infection with oncogenic HPV. b) HPV being transient infection
majority of women clear the infection spontaneously within 1-2 years and only 5-10% women
may have persistent HPV infection. c) The women with persistent infection with oncogenic
HPV progress to precancerous lesions (cervical intraepithelial neoplasm). d) If not diagnosed
and uninterrupted by intervention, 50% of severe precancerous lesion progress to invasive
cancer. The progression of HPV infection to cancerous lesions happens over a decade.7,11 Since
cervical cancer is a multistage disease, with a long and well understood natural history gives a
substantial window of opportunity for screening. The natural history can be influenced by cofactors like parity, tobacco use, STI/RTIs and innate immunity plays an important role in
clearance/ persistence of infection.12-17 Cervical cancer screening identifies woman at an
asymptomatic stage who may have the risk of developing cervical cancer if not detected and
treated.
The Pap cytology, Visual inspection with acetic acid (VIA), HPVDNA based molecular test
are currently available screening test for cervical cancer. Screening with Pap cytology has
decreased the cervical cancer mortality among developed countries,18,19 but in Low Middle
Income Countries (LMIC) similar results are not evident for various reasons. It is difficult to
implement cytology-based screening program in LMIC mainly due lack of awareness among
women, uneven distribution of health care facilities, lack of infrastructure in terms of
laboratory, a trained cytologist to interpret the test reports with quality control measures in
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place and trained staff to conduct the test.20,21 Pap test has been reported to have suboptimal
sensitivity.22,23
Screening with VIA appears the most feasible and cost-effective option for LMICs, with
advantages of results being available immediately and the test showing good performance even
with a trained non-clinical provider. RCTs from India has evaluated the effectiveness of VIA
in significant reduction of the mortality of cervical cancer.24,25 The short comings of screening
programs with VIA is its high false positivity test results, leading to increased burden for
further diagnostic investigations in the health care system.24,25,26,27,28 The short-term screening
intervals needed by cytology or VIA based screening can contribute to logistic challenges
especially in developing countries in terms of surveillance.29,30 The direct detection of HPV in
cervical specimen by a molecular test can offer an alternative for cytology/VIA based
screening. Among the molecular HPVDNA tests, the Hybrid capture 2 test (HC2) has been
extensively evaluated in various settings across the world. The test identifies 13 recognised
oncogenic viruses involved in cervical carcinogenesis. It becomes easier to implement HPV
based screening program in countries due to the high sensitivity of the test reported and
needing longer screening interval for the women tested negative. This proves to be costeffective, in terms of lesser screening rounds needed by HPVDNA based screening. The
robust randomized control trial (RCT) from India, randomized around 131,746 women in the
age group 30-59 years into four groups to undergo different cervical cancer screening
modalities namely HPVDNA test by HC2 method, Pap cytology, VIA versus no screening.
The study demonstrated, single round of HC2 test based screening to significantly reduce the
cervical cancer mortality by 48% at the end of 7 years.31 Developing country like Mexico
failed to demonstrate decrease in cervical cancer mortality using Pap smear as a screening test.
The country later evaluated HC2 test versus Pap cytology to test the best screening modality
for their country. The study demonstrated a sensitivity of 93.1% for clinician collected HC2
test
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as compared to 59.4% for Pap cytology to diagnose CIN2+ lesions. The country later
introduced HC2 test as a primary screening modality for women aged 35–64 years for cervical
cancer and HPV vaccination for girls aged 9–12 years in their national immunization program
in 2008.21,32,33,34
The above findings are encouraging since it demonstrates that a simple and reliable HPV DNA
test (HC2) which is now available in middle- and low-income countries has a potential to be
accepted as primary screening test in the future. At present HC2 molecular test is a proven
triage test for women with atypical cytology.35 Among the developed countries, United states,
European countries, Australia, Netherlands are adopting HPV based screening in their national
screening program.36,37,38
The population based cross sectional studies from developed countries39-47 like Switzerland,
France, UK (HART study), Japan, Great Manchester (ARTISTIC trial) Germany (Montreal &
St John’s church) and Italy evaluated HC2 test to diagnose cervical intraepithelial neoplasia
grade -2 & above lesions (CIN2+). These studies demonstrated HC2 test sensitivity of 90% to
100% with an average of 95%.
Similarly, the population based cross sectional studies from developing countries32,48-53 like
Peru, Latin America, Zimbabwe, South Africa, India, Mexico and Costa-Rica also evaluated
HC2 test to diagnose CIN2+ lesions. In these studies, HC2 test demonstrated sensitivity of 50%
to 91% with an average of 79%. Among the developing countries cross-sectional study from
India which evaluated test characteristics of HC2 in detecting CIN-2+ lesions have shown
substantially low sensitivity of 68.2%.52
There is a statistically significant difference (p value = 0.003) of sensitivity of HC2 test
between the developed and developing countries to determine CIN2+ lesions while there is no
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difference in the specificity. The similar finding of sensitivity of HC2 test from various
countries to diagnose CIN2+ lesions were also reported by M. Arbyn.54
Various reasons for low sensitivity from developing countries have been discussed like
fluctuations in temperature during transportation that can lead to denaturation of HPVDNA,
improper sampling technique of collecting cervical HPVDNA, verification biases, prevalence
of HPV in a particular geographical area and availability of HC2 probes of the common HPV
types present in that given area.32,48-53
A meta-analysis conducted on a million women with normal cytological findings across the
world to estimate prevalence of cervical HPV using standard HPVDNA test kits (PCR/HC2),
the author mentioned that even though the prevalence rate of cervical HPV were lower for
Southern Asian region mainly India (7.9%), the incidence rates of cervical cancer was reported
high.55 Similar findings was reported by de Martel et al.4 This reflects the possibility of missing
a huge number of HPV infections.
Worldwide,

the

major

(cervicitis/cervicovaginitis)

cause

of

reported

STI/RTIs
are

leading

Gonorrhoea,

to

cervical

Chlamydia,

inflammation
Trichomoniasis,

Candidiasis, Bacterial Vaginosis and Mycoplasma genitalium.56,57 World Health Organisation
(WHO) estimates 340 million new STIs to occur globally each year among men and women in
the age group of 15 – 49 years, which is preventable by screening.57 Among developing
countries, the highest number of STIs are reported from Africa and Southeast Asian countries.57
The burden of STIs/RTIs are expected to be high among middle- and low-income countries as
these countries lack development of quality care and treatment services due to resource
constraints.58
The accurate data regarding the prevalence of STIs/RTIs is lacking for India, though the point
prevalence of the disease is estimated around 30 million.59 For a developing country like India,
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the burden of RTIs among women is expected to be higher than reported due to illiteracy,
ignorance, poor knowledge of contraception, cultural norms, limited and ineffective health care
facilities for screening RTIs and poor access to health care facilities, if available.59,60,61 The
most common bacterial RTIs reported from India is Bacterial Vaginosis (BV) followed by
Candidiasis.61 There is decreasing trends of bacterial STI and increasing trends of viral STIs
reported from India.62,59,63 Among the viral STI, HPV is a cause of concern due its association
with cervical cancer. Studies have shown mucopurulent cervicitis caused due to bacterial STIs
/ RTIs to be associated with high prevalence of HPV infection.64,65,66,67 There is evidence of
association of BV, cervicitis and uterine cervical HPV infection reported. 68-71 Till date there
are limited studies from India addressing the above issues in general population. The only
community-based study conducted to our knowledge by Parmar et al in rural district of Thane,
India, to estimate the prevalence of STI/RTIs among 415 women in the reproductive age group,
the author reported prevalence of clinical cervicitis to be 55.2% in the general population.72
There has been a concern of the blood and mucopurulent discharge associated with cervical
inflammation due to RTIs interfering with the sensitivity of screening test for cervical
cancer.73,74 Liu W et al conducted a study among Chinese women to detect the prevalence of
HPV genotypes among three groups of women, group 1- women with mucopurulent cervicitis,
group 2- healthy women and group 3- women with invasive cancer. The author reported a
10% higher failure rates to extract HPV DNA among group of women with mucopurulent
cervicitis as compared to other two groups.66 Since the potential of any primary screening test
to be adopted by a country depends on the sensitivity of the test, it becomes important to
address the issue of low sensitivity of HC2 test from Indian context.52,24 Among the molecular
based HPVDNA tests, HC2 test is extensively evaluated in various settings and is considered
as a gold standard test to diagnose HPV infection. The limitation of the test is, no inbuilt
mechanism to monitor cell adequacy. The test result is interpreted as ‘detected’ when any one
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of the 13 oncogenic HPV types is present with viral copies above 5000 in cervical sample or
‘not detected’. The ‘not detected’ test result opens a debate if the sample has less amount of
HPVDNA viral copies or its truly negative with no HPV infection.75 The present study
evaluates the influence of RTIs associated with mucopurulent discharge as a probable cause
of false negative results of HC2 test.
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CHAPTER 2
2.1. Burden of disease - Cervical Cancer.

2.1.1. Burden of cervical cancer - Global 1
Cancer of the uterine cervix is the fourth most common cancer globally with 569,847 new
cases and 311,365 deaths respectively reported in 2018. (Fig 2.1.1) The substantial burden of
cervical cancer is contributed by African countries followed by Melanesia. (Fig 2.1.2)

Fig 2.1.1. Age standardized incidence and mortality rates of cancers women reported
globally, among all ages. (Source Globocan 2018)
The high-income countries have qualitative and effective cancer screening services in place,
while the middle- and low-income countries (developing countries) lack these services. Lack
of adequate health care infrastructure for screening common cancers and inaccessibility to such
facilities contribute to high burden of cervical cancer cases reported from the developing
countries. High burden of cervical cancer is also contributed by social determinants like low
literacy levels, lack of awareness regarding symptoms of cervical cancer, availability and
accessibility of screening services and low priority given to health issues by woman in
RTIs and HPV
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developing countries. These factors also contribute to inadequate population coverage for
cervical cancer screening, which is a crucial component for cervical cancer screening
programme to be effective. A population-based survey conducted across 57 countries reported
low coverage of around 19% for cervical cancer screening in developing countries (ranging
from 1% in Bangladesh to 73% in Brazil) compared to 63% in developed countries. The author
commented that older and poor women, who are at the highest risk of developing cervical
cancer, are least likely to be screened for the disease.3

Fig 2.1.2. Age Standardized (world) incidence and mortality rates for cervical cancer among
countries. (Source Globocan 2018)

2.1.2. Burden of cervical cancer – India 1
The most common cancers reported among Indian women is breast cancer followed by cervical
cancer (Fig 2.1.3).
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Fig 2.1.3. Number of new cancer cases reported for Indian women, all ages (Source
Globocan 2018)

When compared to developed countries, India has a huge burden of cervical cancer (Fig 2.1.4).

Fig 2.1.4. Trends in incidence of cervical cancer in selected countries – Age-standardised
rate[w] per 100,000 (Source Globocan 2012)

RTIs and HPV

47

REVIEW OF LITERATURE….

CHAPTER 2.1

Among the South Asian countries, Nepal reports the highest Age Standardized incidence of
cervical cancer - 21.5 per 1,00,000 followed by India and Bhutan viz. 14.7 and 14.4 per
1,00,000 respectively (Fig-2.1.5).1 India contributes to 23% of global cervical cancer burden.5
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Fig 2.1.5. Age standardized incidence and mortality rates for cervical cancer reported
from South East Asian Countries. (Source Globocan 2018)
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2.1.2.a. Burden of cervical cancer in India across Population based cancer registries
In the metropolitan cities of India, breast cancer is the commonest cancer reported, whereas
cervical cancer remains the most common cancer encountered mainly in rural India. Among
the population-based cancer registries the incidence of cervical cancer varies among different
regions in India (Fig 2.1.1). The highest incidence rates of cervical cancer are being reported
from north eastern regions; namely Papumpare District (AAR-30.2), Aizawl District (AAR28.0) and Mizoram State (AAR-23.1). Apart from the lack of quality health-care facilities
available in these states, the traditional risk factors such as consumption of tobacco and
smoking act as co-factors contributing to the high incidence of cervical cancer reported.76

Fig 2.1.6. Comparison of Age adjusted cervical cancer incidence and patterns across
population-based
cancer
registries
in
India.
(Source
www.ncdirindia.org/All_Reports/PBCR_REPORT_2012_2014/index.htm. Accessed on
4.4.19)
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Since 1982, we witness a declining trend of cervical cancer incidence rates across all
population-based cancer registries in India. However, it still remains a major health issue
among Indian women. Among the metropolitan cities the highest cervical cancer burden is
reported from Chennai, followed by Delhi and Bangalore (Fig 2.1.7).
The high cervical cancer incidence and mortality rates in India can be attributed to factors such
as low socioeconomic status, low literacy levels, social stigma associated with the disease,
nutritional deficiency, poor genital hygiene, limited contraceptive knowledge making women
prone to repeated pregnancies and recurrent STIs.5,77-80 It has been postulated that individuals
with low income are more likely to engage in high risk sexual activity. Cervical cancer is a
social disease in true sense.

Fig 2.1.7- Incidence of cervical cancer among Indian population-based cancer registries
(Source
www.ncdirindia.org/All_Reports/PBCR_REPORT_2012_2014/index.htm.
Accessed on 4.4.19)
High mortality due to cervical cancer, reported from India, is also a reflection of health seeking
behaviour of Indian women. Most women are not aware of signs and symptoms pertaining to
cervical precancer and cancer. Hence, most women present with advanced stages of cancer to
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the health care system. This in turn is associated with low cancer survival rates. A study
conducted to analyse survival data of cervical cancer among 12 countries in Sub-Saharan
Africa, Central America and Asia using data from population-based cancer registries, reported
only 46% five-year survival among Indian women. This is comparably lower than rates in other
Asian countries (Fig 2.1.8). The key factors responsible for survival rates of cervical cancers
are availability and accessibility of quality health care services.6

Fig 2.1.8. Median percentage of 5-years Age Standardised Relative Survival for cervical
cancer among selected Asian countries. (Source Sankaranarayanan R, et al. Lancet
Oncol. 2010.)

There also lies the possibility of incidence and mortality figures to be underestimated in India
due to issues related to heterogeneous sources of data collection, lack of linkage systems at
national levels, lack of effective referral system, improper recording of cause of death and poor
quality of data regarding the follow up of patients in hospitals.6,81
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2.1.2.b. Burden of cervical cancer in India across Hospital based cancer registries
Among the hospital-based cancer registries (HBCRS) of India, cervical cancer remains among
the top two common cancers reported across all hospital registries. Among the trends observed
for cervical and breast cancers during the period from 2007-2014 in India, breast cancer
remained leading site of cancer followed by cervical cancer in TMH-Mumbai and AMCDibrugarh registries. WIA-Chennai, PGI-Chandigarh and BCCI- Guwahati reported a change

Fig 2.1.9. The trends of common cancer reported across the hospital-based cancer
registries in India from 2007- 2014. (Source
www.ncdirindia.org/All_Reports/HBCR_REPORT_2012_2014/index.htm. Assessed on
4.4.19)

in trends, where in cervical cancer was the leading site reported during the period of 20072010, while breast cancer was reported as leading site during the period from 2011-2014.
Cervical cancer remained the leading site of cancer for KMIO-Bangalore for above mentioned
period. For RCC-Thiruvananthapuram, breast cancer remained leading site followed by thyroid
cancer during the period of 2007-2014. Cervical cancer is reported to be third most common
cancer reported from this registry (Fig 2.1.9).
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Fig 2.1.10. Stage presentation of cervical cancer at Tata Memorial Hospital. (Source A
Handbook of Department of Medical records, Biostatistics and Epidemiology. Tata
Memorial Centre. Feb 2019)

Cervical cancer is preventable by screening and treatable if detected early. In Indian majority
of cervical cancer cases present with loco-regional disease, leading to low cervical cancer
survival rates (Fig 2.1.10). Factors contributing to low cancer survival rates apart from
ignorance and social stigma are, limited access to quality treatment and treatment failures due
to treatment gaps.82
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2.2. Epidemiology of Cervical Cancer
2.2.1. Human papilloma virus and cervical cancer
Among infectious agents causing cancers the most common infectious agent reported is H.
Pylori followed by HPV.83 HPV causes cervical, anal, vulvar and vaginal cancers among
women. Globally, in 2012, 530,000 cervical cancer cases reported were 100% attributed to
be caused by HPV.4 African countries reported the highest prevalence of HPV attributed
cancer cases. (Fig 2.2.1)

Fig 2.2.1. Worldwide burden of cervical cancer (Age Standardized Incidence rates per
100,000) attributed to HPV by country (Source de Martel C, et al. International
journal of cancer. 2017)
There is sufficient evidence from epidemiological studies regarding causal role of persistent
oncogenic HPV infection to be the main cause for cervical cancer. 99.7% of cervical cancers
are now believed to be caused by a sexually transmitted virus, namely HPV.7,84,85 Dr. Harald
Zur Hausen received the noble prize in 2008 for isolating oncogenic HPV strains and
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explaining the process of cervical carcinogenesis associated with the virus. Among the HPV
subtypes, type 16 and 18 contribute to 70% of cervical cancer burden worldwide.4
2.2.2. Natural history of cervical cancer (Fig 2.2.2)
The prevalence of cervical HPV infection is highest among the youngsters with onset of sexual
activity [i.e. around 15- 20 years of age].55 Cervical HPV is a transient infection and majority
of the women clear this infection spontaneously within 1- 2 years. Only 5-10% of those women
who harbour persistent infection with oncogenic HPV type may develop pre-cancerous lesions
and less than 50% of severe precancerous lesions progress to invasive cancer if uninterrupted
by intervention.11,86

Fig.2.2.2. Natural history of Human papilloma virus. (Source Schiffman M, et al.
Journal of the National cancer institute. 2011.)
Among women with persistent HPV infection, the invasive cancers occur 15-20 years later i.e.
at the age of 30 years onward and peaks between 40 to 50 years. Cervical dysplasia generally
is detectable up to 10 years before cancer develops, with a peak dysplasia rate, at about the age
of 35 (Fig 2.2.3).
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Fig.2.2.3. Age standardised incidence rate of cervical cancer among Indian women.
(Source International Agency for Research on Cancer (IARC) reflecting the age for
cervical cancer)

Hence as per the natural history of HPV infection, screening for cervical cancer should initially
focus on women at the highest risk of cervical dysplasia i.e. women in their thirties.12,85,87
2.2.3. Types of Human papilloma virus as per epidemiological classification.
The International agency for Research on Cancer (IARC) Working Group uses the following
classification to classify HPV types based on sufficient, limited or inadequate epidemiologic
evidence for cervical carcinogenicity. IARC classifies carcinogens categorically as
carcinogenic (Group 1), probably carcinogenic (Group 2a), possibly carcinogenic (Group 2b),
not classifiable (Group 3), or probably not carcinogenic (Group 4). As per the reclassification
of HPV types in 2009, types 16,18 remain the main cause for cervical cancer. HPV types
51,56,39,59 were added to previously known carcinogenic list (Group 1). HPV types
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30,34,67,85,97,68,73,26 have not been well studied, though there is strong emerging evidence
of type 68 associated with cervical carcinogenesis. The IARC working group classified type
68 to group 2a and rest to group 2b.8,9
Table 2.2.1. Epidemiology classification of HPV types associated with cervical cancer
High risk types

16,18,31,33,35,39,45,51,52,56,58,59,68,73,82

Low risk types

6,11,40,42,43,44,54,61,70,72,81

Intermediate types

26,53,66

At present, there are about 15 HPV types considered to be cancer-causing, or oncogenic types.
The low risk, non-oncogenic HPVs are mainly responsible for cutaneous lesions (genital
warts). HPV types 26,53,66, at present are classified as Intermediate types due to their rare
though emerging occurrence in cervical cancer cases (Table-2.2.1).

2.2.4. Types of Human papilloma virus as per Genotypes (Fig 2.2.4)
HPV are classified into five genera designated by letters of the Greek alphabet – Alpha, Beta,
Gamma, Mu, and Nu – according to the identity of the nucleotide sequences of their
genomes.9,10,88,89 The common infection caused by Human Papilloma virus are cutaneous warts
which are benign in nature. These warts are caused by Gamma, Nu, Mu and cutaneous Alpha
virus groups, type 2 and 52. Beta papilloma virus are second most common group of viruses
reported and are harboured on skin surface and mainly remain asymptomatic.

RTIs and HPV

57

REVIEW OF LITERATURE

CHAPTER 2.2

Fig 2.2.4. The Genotypes of Human papilloma virus
Among the various genotypes of HPV, the genus Alpha papillomavirus has the potential to
infect both the cutaneous and mucosal epithelium in humans and cause most of the anogenital
and oral mucosal infections. This genus of HPV is the largest and are of medical concern. These
group of viruses are also known to cause genital and head and neck cancers. The Alpha genera
of HPV are subdivided into two main branches (clades) the High risk and Low risk Alpha
clades. These clades are further divided into species. The high-risk (oncogenic) Alpha type
consists of species of viruses that are sexually transmitted and contribute as the main cause of
cervical cancer. Low risk Alpha clade consist of species type, which cause mucosal or
mucocutaneous warts that are noncancerous. The sharing of genotypes mainly of the Alpha
clades which are epidemiologically classified as oncogenic and non-oncogenic viruses form
the basis of cross protection to its non-vaccine genotype species by HPV vaccine90,91 and cross
reactivity of probes of Hybrid Capture 2 test, leading to false positive test results.92,93

RTIs and HPV

58

REVIEW OF LITERATURE

CHAPTER 2.2

2.2.5. Prevalence and common types specific Human papilloma virus
2.2.5.a- Global scenario
1. Global Prevalence of HPV
The meta-analysis conducted by Burni et al55 to estimate the prevalence and trends of HPV
during the period between January 1995 to May 2009, reports overall global age adjusted
prevalence of HPV infection at any given point of time in healthy women aged between 25 to
64 years to be 11.7% (including high and low risk viruses). The prevalence of HPV also varied
with the type of molecular test used. The prevalence of oncogenic viruses tested by HC2 among
a subgroup of 812,677 women included in the study, the author reported overall age adjusted
prevalence of HPV to be 5.7%. The highest burden of HPV was reported from Africa.
Compared to the results of metanalysis reported earlier by De Sanjose et al, 94 the highest
prevalence of the HPV infection reported from Africa remained the same with a comparable
rates of HPV prevalence for Africa and Asian continents. The prevalence of HPV infection
reported from European countries increased from 8.1% to 14.2% in the present study.55, The
prevalence rates of HPV for Central America and Mexico along with North America showed
a significant decrease in the study.55
Krishnakumar et al reported the prevalence of HPV to be 32.1% among 576,281 women
screened from Asian countries. The highest prevalence was reported from Eastern Asia
(China) followed by South Central Asia (Indian subcontinent). The author reported higher
prevalence of HPV among women in the less developed regions (42.2%) as compared to
women in the more developed regions (22.6%).95
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2. Common type specific HPVs - reported globally
HPV type 16 is reported to be the commonest prevalent HPV globally irrespective of the region
or countries.55,95 HPV-18 followed by oncogenic types, such as types 52, 31, 58, 39, 56, and
51, are the next most common high-risk HPV types reported. HPV type 31 is the second
commonest HPV type reported among European countries, Latin America and Caribbean while
HPV type 52 is the second commonest HPV type reported from the African countries (Table
2.2.2).
Table 2.2.2. Adjusted HPV prevalence and the top two common global HPV types
reported
Region

Overall Adjusted HPV
Prevalence % (95%CI)

Top two HPV types

Africa

21.1 (20.2-22.0)

16 (3.5%), 52 (2.4%)

Latin America & Caribbean

16.1 (15.8-16.4)

16 (3.3 %), 18 & 31 (1.2%)

North America

4.7 (4.6-4.7)

16 (5.8%), 18 (2.3%)

Europe

14.2 (14.1-14.4)

16 (4.8%), 31 (2.3%)

Asia

9.4 (9.2-9.6)

16 (2.5%), 18 (1.4%)

Source Bruni L, et al. Journal of Infectious Diseases. 2010.

2.2.5.b. Indian scenario
1. Prevalence of HPV in India
The overall adjusted HPV prevalence rates reported for India is 7.1%.55 Among the populationbased studies the prevalence of HPV among women varied within the regions from 6.1% to
17.7% using HC2 test. Since the present study focuses on HC2 test, the search was done for
studies using HC2 test assay to diagnose HPV from India (Table 2.2.3). The highest HPV
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prevalence is reported from South India which also supports the highest prevalence of cervical
carcinoma reported from the southern part of the country.24,52,77,96-98

Table 2.2.3. Cross-sectional studies showing prevalence of cervical HPV among general
population of India using HC2 tests
Author

Region
Dindigul (Tamil Nadu)

Age
group
16-59

Sample Prevalence
size
1891
17.7%

Osmanabad (Maharashtra)

30-59

27,192

10.3%

Delhi slums

16-24

1300

8.4%

Mumbai (Maharashtra)

30-65

4039

7.6%

Gravitte et al98

Medchal Mandal (Andra Pradesh)

30-60+

2295

10.3%

Shankeranarayana et al52

Suburbs Kolkata

25-60

6568

6.1%

Franchie et al96
Sauvaget et al

77

Datta et al 97
24

Shastri et al

2. Common type specific HPVs – reported in India
There are limited population-based studies from India demonstrating the type specific HPV
infections in general population. The studies varied with the type of PCR test used. In a study
conducted at Dindigul India, the author reported HPV type 16 to be the commonest HPV type,
followed by HPV 56, HPV 31, HPV 33 and HPV 18 in decreasing order using PCR probes for
44 low risk and high-risk HPVs types.96 Similarly, the study by Datta et al in Delhi slums on
1300 married women in the age group of 16-24, reports type 16, followed by type 52 and 51 to
be the commonest type specific HPV in general population. The HPV genotyping was done by
using reverse blot assay which detects 37 genotypes of HPV.99 Among the cross-sectional
hospital-based study conducted in India to demonstrate the common HPV types associated with
cervical cancer, type 16 and 18 were consistently reported the common HPV types followed
by type 33,35,45 and 31, while type 51,39,56,58 and 59 were rarely reported to be associated
with cervical cancer in India.100-104
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2.2.6. Prevalence of Human papilloma virus by age
Globally age-related prevalence of HPV varies across the continents with some continents
showing a bimodal peak in younger age and second peak during perimenopausal or
postmenopausal age. The peak of HPV infection is common in younger age group with the
onset of sexual activity. Some regions of Central America, South America and Africa have
demonstrated prominent second peak of HPV infection 40 years onwards. A less prominent
second peak of HPV infection was reported for Southern Asia by Bruni et al at around 55-64
years. The author concluded that the exact cause of this second peak remains unknow.55 A
prospective study conducted by Philip E Castle et al showed a significant increase in trends of
viral prevalence in the older age group. The author reported this trend to be due to decrease in
immunity to clear the HPV infection at older age rather than due to acquiring a new infection.105
A cross-sectional population-based study that enrolled 2501 women in the age group of 25-65
years in Eastern India to study the type specific prevalence of HPV, reported higher prevalence
of HPV in the age group of 20-34 years. This is expected due to natural history of HPV virus.
The study did not demonstrate second peak of HPV in older women.106 Similar findings were
reported in the Dindigul study (South India) that enrolled women in age group of 16-59 years
and in Mumbai study (West India) which enrolled women in age group of 30-65 years. No
bimodal peak of HPV was demonstrated in all these studies.24,96

2.2.7. Pathophysiology of Human papilloma virus (Fig.2.2.5)
The cervix has stratified nonkeratinized glycogen containing epithelium. Histologically the
epithelium of cervix consists of basal, parabasal, intermediate, superficial cell layers. The basal
layer is the only layer which is mitotic and produces daughter cells which differentiate and
matures to intermediate cell layer and then finally to superficial layer. Overall the cell
RTIs and HPV
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undergoes maturation from basal to superficial layer of epithelium, and changes occur in
nucleus size, the cytoplasm content, glycogen content and the size of cell. The basal cells in
the transformation zone (area between the old and the new squamo-columnar junction) of the
cervix are most actively multiplying. This supports viral production. This zone is also most
susceptible to HPV infection. The HPV infection enters the basal layer of the cervical
epithelium by a breach in epithelium caused by trauma or inflammation.
The HPV genome consists of a circular double-stranded, 8000 bp long DNA with three regions:
The upper regulatory region which functions as a transcription and replication control region,
an ‘early’ region encoding proteins (E1, E2, E4, E5, E6, E7) for replication, regulation,
modification of the host cytoplasm and nucleus and a ‘late’ region encoding for the viral capsid
proteins (L1, L2).

Fig.2.2.5. The pathophysiology of cervical Human papilloma virus. (Source Woodman
CB et al. Nat Rev Cancer. 2007.)
After entering the basal cell layer, the early HPV genes proteins E1, E2, E4, E5, E6 and E7 are
expressed and the viral DNA replicates to form episomal DNA (purple nuclei). The HPV DNA
episomes are maintained as low copies in basal cells.
RTIs and HPV
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At this stage, the expression of E6 and E7 oncoproteins are necessary for further viral
replication. In normal life cycle of the cell, regulation of E6/E7 is tightly controlled by p53
protein and pRb (retinoblastoma protein), which is a negative regulator of cell cycle, thus
preventing the manifestation of the infection. In presence of any co-factors (mainly the STIs
and immunity) needed for the progression of HPV infection i.e. during the productive phase of
infection, the regulation of E6 and E7 is disrupted. E7 disrupts pRb from its binding to E2F,
which is a transcription protein and leads to expression of some key cellular proteins like p16,
MCM, PCNA necessary for viral replication. The viral genome replicates as the cell move from
basal to superficial layer of cervical epithelium. E4,E1,E5,E2 are viral replication proteins that
are expressed in the intermediate or superficial cell layer of epithelium during the infection
phase. The E4 proteins increases the copies of viral genome, and also helps viral genome to be
amplified to higher level. It encapsulates the viral genome that are then shed from surface of
cervical epithelium. Mere infection of cells with HPV does not cause cancer. The initial viral
replication causes some mild nuclear changes in the cell in form of vacuoles also known as
koilocytosis. At this stage it may cause precancerous lesion that can be reversed. The persistent
infection causes combined action of E6/E7 leading to uncontrolled cell proliferation bringing
in chromosomal instability and the virus finally gets integrated leading to overexpression of
E6/E7 aiding lesion(s) to progress from precancerous to cancerous form(s) (red nuclei).107,108

2.2.8. Incubation period and route of transmission of Human papilloma Virus
HPV is infectious, with incubation periods ranging from 2–4 weeks to months or years. The
duration of this phase of latency probably relates to the dose of virus and the cell mediated
immunity of an individual.89 John Doorbar et al demonstrated that the time taken for an infected
basal cell to be exfoliated from epithelial surface to be around 2-4 weeks.107 Winner et al in his
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prospective study demonstrated latency period of cervical HPV to be 20 days and skin to skin
transmission to be a recognised mode of HPV transmission other than penetrative sex.109

2.2.9. Co-factors for persistence of Human papilloma virus
It is a known fact that HPV infection is causative factor for cervical cancer. It is also known
that 80% of the women are infected with HPV infection atleast once in their lifetime. In most
cases HPV infections clear spontaneously. Presence of co-factors contribute to persistent HPV
infections, making women prone to cervical cancer. The recognised co-factors are use of Oral
contraceptives (OCs), tobacco smoking or tobacco chewing, cervical trauma related to parity,
coinfection with human immunodeﬁciency virus (HIV) and other sexually transmitted agents.

1. Role of Parity as a co-factor
The studies before year 2000 demonstrated higher parity and lower interval between
pregnancies as causative factors for cervical cancer, while abortions showed no influence on
incidence of cervical carcinoma.110,111 The hypothesis stated was early age of marriage and
repeated childbirths are known to be associated with more wear and tear of cervical tissue,
thereby increasing the risk of cervical cancers caused due to trauma. The major limitations of
these studies were failure to account for the causative role of HPV, which is now recognized
cause of cervical cancer. The pooled analysis of case control studies carried out by Nubia
Munoz et al in 2002 and Salvatore et al in 2006 taking into account parity as a co-factor to
increase the risk of cervical cancer in HPV infected women, demonstrated conflicting
result.112,113
The emerging evidence from prospective studies demonstrates parity to be modulating the
progression of HPV infection to cervical cancer.15,16 Pregnancy related hormones cause
cervical ectropion causing transformation zone to lie on ectocervix. The actively dividing cells
RTIs and HPV
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at the transformation zone makes women prone for acquisition and persistence of high-risk
HPV. This is a pre-requisite for HPV infection to progress to cervical cancer. Moreover, the
trauma caused to cervix during delivery can also contribute for acquisition and persistence of
HPV. These factors explain role of parity as a co-factor in the development of cervical cancer.

2. Role of Oral contraceptive (OCP) use as a co-factor
There is a renewed concern about the possible relationship between long term use of OCP and
cervical cancer. The pooled analysis of case control studies that assessed the role of oral
contraception as a co-factor in increasing the risk of cervical cancer among women infected
with HPV, demonstrated increased risk of developing cancer with increased duration of oral
contraceptive (OCP) use, after 5 years. The limitations of the above study were selection and
recall biases in terms of accuracy in recalling the use of pills by the women. The above study
was a cross-sectional study which took into account only transient HPV infections and we
understand the persistence of HPV infection is necessary to cause cervical cancer.114 The other
prospective longitudinal studies which looked into the role of OCP in persistence of HPV failed
to demonstrate the association between OCP and cervical cancer.115 With respect to cervical
cancer, the benefits of OCP outweigh the risk, because the number of cervical cancers resulting
from the use of OCP is very small and therefore women should not be discouraged from using
the pills. The association between OCP use and cervical cancer can be complicated by possible
confounding factor of sexual behaviour. Further prospective studies are warrant to demonstrate
OCP in persistence of HPV infection.15
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3. Role of Tobacco as a co-factor
Currently smoking among women remains an independent predictor for cervical
carcinogenesis. Tobacco can itself be a risk factor for the development of cervical cancer due
to the ability of carcinogens in cigarette smoke to cause mutations in DNA of cervical cells due
to the nicotine content. The determinants of smoking can be unhealthy lifestyle, lack of social
support, stress, distress etc which can make women prone for high risk behaviour, an important
factor for sexually transmitted diseases including HPV infection. Smokers have a low local
and/or systemic cell mediated immunity and seem to have lower compliance for cervical cancer
screening, that makes them prone for cervical cancer.116

Smoking affects the clearance of

HPV and helps in progression of HPV infection to precancerous or cancerous lesion.15,115,117
4. Low socio-economic status and STIs.
Socio-economic status has an important correlation with cancer or STIs (sexually transmitted
disease). The determinants of low economic status are mainly the low education, low income
and poverty status that varies across countries. Women who are less educated may not be aware
of the symptoms pertaining to precancer and cancer, and hence usually present at advanced
stages of cancer. Moreover, they have restricted access to health care facilities for screening
and treatment. Nutritional deficiency, poor genital hygiene, limited or no contraceptive
knowledge make them vulnerable to repeated pregnancies and recurrent STI infections, which
is one of the co-factors for HPV infection. It is postulated that individuals with low income or
below the poverty line are more likely to engage in high risk sexual activity making them prone
for STI/RTIs including HPV. The STI/RTIs play a major role in persistence and progression
of HPV infection to precancerous and cancerous lesions of cervix.13,14,118,119.
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5. HIV and HPV
Women infected with HIV are prone to be infected with high-risk HPV types and have
increased chances of persistent HPV due to decreased cellular immunity. They are more likely
to develop precancerous lesions (development is rapid) than HIV-negative women in the same
age group.120 It is known that, lower the CD4 counts, higher the risk of HPV acquisition from
infected sexual partner.121 The seropositive women are also prone to harbor multiple types of
HPV.122 A study done by Howard et al showed that in sexually active HIV-positive women,
plasma HIV RNA level and CD4

+

count in combination appeared to have a strong and

statistically significant association with incident detection of HPV and HPV reactivation due
to low cellular immunity.18
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2.3 Burden of Reproductive tract infection and its role as a co-factor for
persistent Human Papillomavirus infection.
2.3.1. Burden of Reproductive tract infections globally
Worldwide the major cause of STI/RTIs leading to cervical inflammation or cervicovaginitis
reported are Gonorrhoea, Chlamydia, Trichomoniasis, candidiasis, Bacterial Vaginosis and
Mycoplasma genitalium.56 World Health Organization (WHO) states that more than one
million STIs are acquired everyday, worldwide. Each year, WHO estimates 357 million new
infections with one of the four bacterial STIs: Chlamydia, Gonorrhoea, Syphilis and
Trichomoniasis globally (Fig 2.3.1). There is increasing trends of viral STIs reported, mainly
Hepatitis B, Human immunodeficiency virus (HIV), Herpes simplex virus (HSV) and Human
papilloma virus (HPV). Majority of STIs among women are asymptomatic and are known to
cause serious reproductive health issues. WHO reports, major burden of STIs to be
contributed by developing countries.58

Fig 2.3.1. Burden of Sexually transmitted infections reported worldwide. (Source-WHO
regionwide estimated new cases of Gonorrhoea, Chlamydia, Syphilis and
Trichomoniasis. 2008)
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2.3.2. Burden of Reproductive tract infections in developing countries
High income countries have established quality screening and diagnostic tools for RTIs. The
burden of RTIs are expected to be high among middle- and low-income countries, as these
countries lack development of quality care and treatment for STIs/RTIs services due to
resource constrains.58

Fig 2.3.2. Prevalence of sexually transmitted infections among selected regions. (SourceCDC 2008: STI in developing countries)

The highest number of STIs are reported from Africa and Southeast Asian countries (Fig2.3.2). RTIs are known to have a major impact on women’s health and economy of the
country, in terms of catastrophic out of pocket health expenditure. It becomes important to
treat these RTIs due to devastating consequences on women’s health, increasing maternal
morbidity (infertility, bad obstetric history, Pelvic inflammatory disease, post abortal and
puerperal sepsis) and mortality. The high burden of the diseases from developing countries is
due to a) poor health seeking behaviour for STI/RTI treatment because of stigma associated
with the disease. b) lack of point of care diagnosis for common STI/RTIs. c) absence of
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effective counselling services to ensure partner treatment and self-treatment.58
2.3.3. Burden of Reproductive tract infections in India
Inspite of several policies and programmes run by the Indian government like National Rural
Health Mission and Reproductive & Child Health program that have a component of RTIs
screening and treatment, the burden of disease still remains high in India. This is due to
illiteracy, ignorance, social stigma, cultural norms, lack of quality health care facilities for
screening and treating RTIs and poor access to health care facilities, if available.58,59,123
The accurate data regarding the prevalence of STI/RTIs is lacking from India. The point
prevalence of STIs/RTIs in India is estimated to be around 30 million. Among these 50% of
women are reported to be asymptomatic.56,59,124
A marked heterogeneity is seen in the prevalence of STI/RTIs among women in the general
population in India. It varies across different states in India (Table 2.3.1). The cause of these
variations in prevalence rates across regions can be attributed to the level of awareness
pertaining to RTIs screening, laboratory methods used for diagnosis and interpretation of
results.59,63,72,125-133 In various cross-sectional community based and hospital-based studies
conducted in India, the most common RTIs reported are Bacterial Vaginosis (BV) followed by
Candidiasis. Among the bacterial STIs, the overall prevalence of Neisseria gonorrhoea and
Chlamydial infections is comparatively reported less. Ray et al in their study reported the
prevalence of Gonorrhoea and Chlamydia to be 1.1% and 2.4% respectively in symptomatic
women and 0.4% and 1% respectively in asymptomatic women.59 The similar findings of
endogenous RTIs infections (Bacterial vaginosis, Candidiasis) being more frequent than STIs
is also supported by a large population based cross-sectional trial conducted by Patel et al from
India.63
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Table 2.3.1. Cross-sectional studies from India demonstrating the most common
bacterial Reproductive tract infections among women

Authors

Location

Sample size

1st common
RTI

2nd common
RTI

Overall Lab RTI
Prevalence

Candida
(46.3%)
Candida
(37%)
BV
(14.3%)
BV
(17.8%)
Candida
(16%)
BV
(11%)
BV
(3.1%)

BV
(25%)
BV
(13.9%)
Candida
(6%)
Candida
(8.5%)
BV
(12.5%)
Candida
(45%)
Tricho
(1.9%)

26%

Candida
(22.1%)
BV
(26.1%)

BV
(5.5%)
Candida
(8.3%)

27.6%

Population based studies
Parmar et al72
Bote et al125
Prabha et al126
Patel et al63
Balamurugan et al
127

Jindal et al128

Thane
Mumbai
Mumbai
urban slum
Medak
AP
Goa
Hubli
Karnataka
Rural Punjab

Rao et al129

415
466
407
2494
658
200

67.81%
33%
40.4%
20%

Tribal
Jabalpur
Hospital based studies

2206

Ray et al 59

Delhi PHC

1105

Chauhan et al130

Gynaec Dept.
Gujarat

180

Vishwanath et al131

Gynaec Dept
Delhi

319

BV
(26%)

Candida
(26%)

76%

Kaur et al.132

Gynaec Dept.
Patiala

500

BV
(57.5%)

Candida
(45.86%)

58%

Ray et al133

Delhi NACO
clinic

2035

Candida
(28.5%)

BV
(4.5%)

30%

Bacterial vaginosis- Range 3.1% -57.5%

6.4%

42%

Candida- Range 6%-45.86%

Similar findings were reported by the mid-term review report of National AIDS Control
program (NACO) India, Phase three (NACP III) survey conducted in Nov-Dec 2009. The
report mentions a considerable change in the trends of bacterial STI/RTIs in India. There is
a considerable increase in burden of RTIs (Candidiasis/ BV) than STIs (Gonorrhoea/
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Chlamydial infection) reported among the Indian female population. The prevalence of
candidiasis and BV among women was between 7.2% to 23.9% and 17.8% to 63.7%
respectively. The prevalence of Gonorrhea was ≤ 1.9%, and Chlamydial infection ≤ 1.3%. 61
These figures of prevalence of Gonorrhoea and chlamydia reported may be underestimated
due to lack of appropriate cost-effective screening tool in resource constrained country like
India for these organisms.
A large hospital based study conducted among 4090 women attending peripheral health centre
in Delhi to establish the prevalence of STIs/RTIs among four groups of women -symptomatic
women, women with bad obstetric history, pregnant women and asymptomatic women,
reported an overall prevalence of RTIs (Bacterial Vaginosis and Candidiasis) to be 24.3% and
the prevalence rates of STIs (Gonococcal, Chlamydia, Trichomonas, Hepatitis B, Herpes
simplex-2, HIV, Chancroid) to be 12.5%. The prevalence rates varied among different
categories of women. The author reported the prevalence rate of RTIs to be 15.2% and STIs
to be 9.9% in asymptomatic women.59
The most common age group for STI/RTIs reported among Indian women is 25-44 years.57
The burden of STIs is higher in men than women. Therefore, the strategy of treating male
partner remains the hardcore of STI management.134 There is also an emerging evidence of
increase in viral STIs reported from India.62
Among the viral STIs there is an increasing trends of Human Immunodeficiency Virus (HIV)
which causes acquired immunodeficiency syndrome, Herpes Simplex Virus-2 (HSV-2)
associated with genital herpes and Human Papilloma Virus (HPV) that constitutes a major
cause of genital warts and genital cancers in both genders. Among the viral STIs, HPV
infection remains a major concern for its association with cervical cancer. Cervical cancer is
reported to be the fourth most common cancer in women globally and is the second most
common cancer among Indian women.1 Among the HPV types reported-low risk HPV and
RTIs and HPV
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high-risk HPV (oncogenic HPV), there is a strong causal association between persistent
genital tract infection with oncogenic HPV and cervical cancer.7,10

2.3.4. Co-infection of Reproductive tract infections and Human Papilloma virus
The bacterial STI/RTIs causes inflammation of cervix (cervicitis) leading to unhealthy cervix
that bleeds on touch due to break in cervical epithelium and is associated with purulent or
mucopurulent discharge. The change in vaginal microbiological flora and inflammation
associated with cervicitis may help in acquiring and transmitting HPV infection which is the
main cause for cervical cancer. The break in cervical epithelium helps HPV to gain entry in
actively proliferating basal cell layer of epithelial which is a primary step in natural history
for cervical HPV infection.13 Certain inflammatory mediator like reactive oxygen and
nitrogen species (ROS and RNS) that are produced due to cervical inflammation, are proposed
for causing damage to host cell DNA leading to integration of viral genome into the host cell
genome. This serves as the main step for oncogenic HPV infection to gradually progress to
cervical cancer.14
There are limited studies reported from India demonstrating the burden of clinical cervicitis
in general population. Parmar et al reported 55.2% prevalence of clinical cervicitis in a
community-based study conducted in rural Thane among 415 women in reproductive age
group.72 Kaur et al reported 11.6% prevalence of cervical erosion among women with a
history of vaginal discharge in a hospital-based study.132
This difference in prevalence of cervicitis may be due to poor hospital seeking behavior
among Indian women. The women with less formal education are less aware of initial signs
and symptoms of RTIs and is less likely to be aware of screening facilities in the nearby area.
The women usually present late in the hospital when the complications set in.
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It is important to screen and treat women with cervicitis promptly, as cervicitis caused by
STI/RTIs acts as co-factor for persistent oncogenic HPV, which is the main cause of cervical
cancer. Studies conducted in China, Costa-Rica, Brazil, Turkey to estimate the prevalence of
oncogenic HPV among women with cervicitis/ Mucopurulent cervicitis reported the
prevalence of the infection to be 5%-64%.64-66,135,136 These studies varied in the study design
and the method of diagnosing cervicitis. To our knowledge there is no study from India till
date documenting the prevalence of HPV among women with cervicitis (Table- 2.3.2).
Table 2.3.2. Prevalence of HPV among women with cervicitis demonstrated using
molecular HPVDNA test

Author/year

Country

Liuw WEQ et al
(2013)66
Philip E Castle et al
(2001)64

China

Rodrigo Cesar et al
(2015)135
Yuan X et al
(2011)65
Altuglu et al
(2002)136

Costa-Rica
Brazil
China
Turkey

Study
design

Sample
size

Diagnosis of
cervicitis

Prevalence
of HPV in
cervicitis

Casecontrol
Nested
casecontrol

191

Clinical

53%

445

Cervicitis on Pap
smear

58.7%

Crosssectional
Crosssectional
Crosssectional

251

44%

4601

Cervicitis on Pap
smear
Clinical

148

Clinical

5%

11%

There is also an emerging evidence of concomitant genital STIs and HPV infection of the
uterine cervix. There is a strong emerging evidence for an association of BV and uterine
cervical oncogenic HPV infection.68-71,137 The similar association has also been reported for
Chlamydia and cervical oncogenic HPV.119 A case control study conducted by Smith JS et al
reported the risk of squamous cell carcinoma with co-infection with Chlamydial infection to
increase by 2.1 odds (CI- 1.1–4.0). The author reported no significant risk for adenocarcinoma
of cervix associated with Chlamydial infection.68 At present, among the other STI/RTIs, the
RTIs and HPV
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association of persistent HPV with trichomonas infection and Candida is controversial and
needs further studies.138-141
There is limited evidence of co-infection of HPV and RTIs among Indian women. The study
in eastern India conducted to know the burden of co-infection of STIs and HPV in 45
Commercial Sex Workers, reported the prevalence of Candida, Trichomonas and Chlamydia
infection in HPV positive women to be 88.6%, 22.9% and 14.3% respectively. Among the
Viral STIs, HSV2 was reported to be highest with prevalence of 34.3%. The major drawback
of the study was small sample size.142

2.3.5. Effect of Reproductive tract infections on cervical cancer screening tests
There has been a concern about blood and mucous associated with cervical inflammation
caused by STIs/RTIs, interfering with the sensitivity of cytology-based screening test for
cervical cancer. The multicentric trial conducted in India, that evaluated accuracy of
conventional cytology, to detect CIN2+ lesions, reported the sensitivity of cytology to be
substantially low among women in age group of 25–39 years.73 Similar findings were also
reported from a study from UK which demonstrated modest effect of cytology based screening
test in the age of 20-39 years in preventing cervical cancer.74 The probable reasons stated by
the author for low sensitivity of cytology in the above age group are73 a) Presumably high
frequency of RTIs among young women that may interfere with cervical samplings and reading
of smears. b) Many Indian women have less formal education and hence may be more prone
for RTIs due to poor genital hygiene. c) In the above age group there lies a possibility of
interference with blood, because of the presence of large transformation zone resulting from
ectropion. These factors may account for low sensitivity of cytology, due to interference of
blood and mucous associated with inflammation of cervix or ectropion. The cervical
inflammation has a potential to affect the interpretation of Visual Inspection of acetic acid
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(VIA) test results. There are rapid developments in molecular screening tests for cervical
cancer screening. The HPV molecular screening test has an advantage, as it detects women
with HPV, the primary cause for cervical cancer. Among the molecular test the HC2 test and
Polymerase chain reaction (PCR) has been evaluated in various settings worldwide.143,144
Kuhn et al50 based on his study to evaluate the test characteristics of HPV DNA HC2 as a
screening test among African women, states that HPV DNA test is unlikely to be adversely
influenced by cervical inflammation due to STIs, which are common conditions among women
in low resource settings. The main limitation of the study was that the study was not powered
to demonstrate the effect of STIs on test characteristics of HC2 test.50 A study conducted
among Chinese women to estimate the prevalence of HPV genotype among three groups of
women; women with mucopurulent cervicitis, healthy women and women with Invasive cancer
using PCR (GP5+/GP6+ and PGMY09/11 L1 consensus primers). The women tested positive
with HPVDNA, were subjected to sequencing for HPV genotyping. Amplification of β-globin
DNA was performed as a surrogate marker to test the sample adequacy. The author reported
10% higher failure rates to extract HPV DNA in cases of mucopurulent cervicitis as compared
to the other two groups due to degradation of HPVDNA.66 This study shows the potential of
HPVDNA test to be influenced by RTIs.
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2.4. Hybrid Capture 2 as a screening test in developed countries and it's
issue in developing countries

2.4.1. Advantages of molecular based HPVDNA screening for cervical cancer
There is sufficient evidence from epidemiological studies about the causal role of persistent
oncogenic Human papillomavirus (HPV) infection as a main cause for cervical cancer. 7,10
The various screening tests aid in the diagnosis of precancerous stage of cervical cancer, a
stage where women are totally asymptomatic and treatment given has a high chance of cure.
The cytology-based screening has limitation in terms of cell inadequacy during sample
collection (improper collection), transportation issues and interpretation skills of laboratory
personnel. Cytology-based screening necessitates short screening intervals due to its low
sensitivity.29 This contributes to logistic challenges, especially in developing countries, in
terms of follow up. The direct detection of HPV in cervical specimen by a molecular test can
offer an alternative for cytology-based screening.
Among the various molecular tests approved by the Food and Drug Administration (FDA),
the HPVDNA Hybrid Capture 2 test (HC2, Qiagen, Gaithersburg, MD) has been extensively
evaluated.143,144 The HC2 HPVDNA molecular test identifies women at risk of developing
cervical cancer, needing a close follow up. The test has probes for 13 oncogenic HPV types,
commonly reported worldwide.55
The advantages of HPVDNA molecular based screening test29,143 over cytology-based
screening are- a) high sensitivity reported from developing countries. b) longer screening
interval if tested negative. c) requirement of minimal resources and manpower for performing
the test. d) - the potential of self-collection. e) the reproducibility and standardization of the
test with no inter and intra subjective variability.
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2.4.2. HVPDNA HC2 test in developed countries.
The population based cross sectional studies from Switzerland, France, UK (HART study),
Japan, Great Manchester (ARTISTIC trial), Germany (Montreal & St John’s church) and Italy
evaluated HC2 test versus conventional or liquid based cytology to investigate the best
screening modality for cervical cancer.39-47 The second generation HC2 test assay was used.
The Relative light unit (RLU) titers of 1/> 1 RLU corresponding to 5000 or more copies of
the virus per ml was interpreted as a positive test.
The above cross-sectional studies from the developed countries, focused to determine the
sensitivity and specificity of HPV HC2 to determine CIN2+ lesion demonstrated the
sensitivity in the range of 90% to 100%, with an average of 95%. The specificity demonstrated
is in range of 85%-95%, with an average of 91.5% (table-2.4.1). Overall HC2 test
demonstrated a greater sensitivity to diagnose CIN2+ lesions than the cervical cytology as a
stand-alone test.
The developed countries like Europe, United Kingdom, France, Germany, Netherland, United
states and Canada have good quality cytology based cervical cancer screening program. A
study involving around 60,000 women in these countries who received HPVDNA (HC2 or
PCR GP5/6+ primer) as a parallel test in addition to Pap cytology in the age group 15 -80
years, reported overall sensitivity and specificity of HC2 test to diagnose CIN2+ lesions as
96.1% and 90.7% respectively as compared to Pap cytology which reported a low sensitivity
of 53% and specificity of 96.3%. The study also demonstrated, the age group of 35-49 years
where the likelihood of persistent HPV infections are common, the sensitivity of HC2 test
reported was 93.9% versus 55.4% of Pap cytology. The sensitivity of HC2 test increased from
93.9% to 97.5% versus 55.4% to 79.3% for Pap cytology in the age group of 50+ years. After
controlling for verification biases, the study supported HC2 as a primary screening test with
Pap cytology as a triage test for HPV positive women.145
RTIs and HPV
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Table 2.4.1. Sensitivity and specificity of HC2 test to diagnose CIN2+ lesion
demonstrated in cross-sectional studies from developed countries (year 1999-2004)39-47

Country
Japan39
UK (HART
Study)40
Germany41
Canada42
(CCCaST
trial)
Swiss43
Riems44
France45
(Public n
Private)
Italy (NTCC
STUDY)46
UK47 (Great
Manchester)

Year

Population

Age of
population

Sensitivity
(95% CI)

Specificity
(95% CI)

2003-2004

8156

14-83 years

90%

Not reported

1998-2001

11085

30-60 years

1998-2000

8466

30 and above

97%
(91.2-99.1)
97.8%
(86.3-99.7)

93.3%
(92.7-93.9)
95.3%
(93.5-96.6)

2002-2004

10,154

30-69

94.6%
(84.2-100)

94.1%
(93.4-94.8)

2002-2004

10,154

30-69

1997-2001

7932

15-76 years

94.6%
(84.2-100)
100%
(93.8-100)

94.1%
(93.4-94.8)
87.3%
(85.9-88.7)

1999-2000

2588

15-80 years

96%
(88-100)

85%
(83-87)

2000-2003

33,364

35-60 years

97.3%
(90.7-99.7)

93.2%
(92.8-93.6)

2001-2003

24,510

20-64 years

93.40%

Not reported

Average Sensitivity-95% (range 90-100%) Average specificity -91.5% (range 85%-95%)

The HC2 test has been extensively evaluated to be used in various combinations for cervical
cancer screening across the world. There is a strong evidence for the use of HC2 as a triage test
for ASCUS cytology (Atypical squamous cells of undetermined significance) rather than
repeating a Pap cytology. Using HPVDNA test as primary screening test, is reported to detect
23% more CIN2+ lesion as compared to Pap cytology alone.35
Huang et al monitored a cohort of 1708 healthy Taiwan women, aged 20–90 who had received
a baseline Pap cytology and HPVDNA test (HC2) in May 2000. The enrolled subjects were
left undisturbed and the end point data of cervical neoplasia were collected through the national
database of Pap smear and cancer registry in Aug 2006. Records of 108 cytology-negative &

RTIs and HPV

80

REVIEW OF LITERATURE

CHAPTER 2.4

HPV-positive women and 1202 cytology & HPV negative women were retrospectively
analyzed. The study demonstrated that women who had prevalent infection with high risk HPV
had 4% cumulative risk for cervical cancer in 6 years as compared to women tested negative
for high risk HPV at baseline. The author supports, HPV DNA as a primary screening test for
cervical cancer with a screening free interval of atleast 5 years, if tested negative146. The similar
finding demonstrating that longer screening interval would suffice if HPVDNA test is used as
a primary screening test as compared to cytology was also supported by a recent Sweden
Randomized Control Trial (RCT).147
There is sufficient evidence from developed countries which demonstrates HPVDNA test to
have better sensitivity than cytology to detect CIN2+ lesions. The above literature supports
HPVDNA test as a potential primary screening tool for cervical cancer screening where in
longer screening intervals would suffice. The biggest benefits of primary screening with
HPVDNA test in women is demonstrated for the age group of 35 and above. The current
recommendation of screening guidelines for countries with good cytology based cervical
cancer screening program would be to move towards HPVDNA as primary testing modality
in order to safely increase the screening intervals.148 United States has already approved HC2
as a co-testing modality for cervical cancer screening in women older than 30 years of age.
European countries are on the verge of introducing the HPVDNA test as a stand-alone test for
primary cervical cancer screening.36 Australia and the Netherlands have now adopted HPV
based cervical cancer screening in their national screening programs.37,38
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2.4.3. Issue of HVPDNA HC2 test in developing countries
The largest population based cross-sectional study from rural district of Osmanabad in
Western India, randomized around 131,746 women in the age group 30-59 years into four
groups to undergo different cervical cancer screening modalities. First group received HPV
screening by HC2 conducted by technicians, second group received conventional Pap-smear
screening by cytotechnologists, third group received VIA (Visual inspection with acetic acid)
screening by primary health care workers and the fourth group received standard care (noscreening). The study reported a significant 48% decrease in cervical cancer mortality after
7 years among women who had received a single round of HPV screening when compared
with unscreened women. In the same study, the VIA screening and the Pap-smear screening
groups did not show a significant decrease in cervical cancer mortality benefit when compared
with no screening group. The study also supported that in developing countries where follow
up of women is a challenge, the best option for the country would be a single round of HPVDNA testing around the age of 35 yrs.31
Mexico introduced the Pap-smear screening in 1974. However, cervical cancer mortality rates
remained unchanged for the country even after 15 years.21 A study that was conducted later in
Morelos (Mexico) on 7872 women in the age group of 20-80 years to evaluate the Pap cytology
versus HPVDNA HC2 test as primary screening test to diagnose CIN2+ lesion, demonstrated
higher sensitivity of 93.1% for HC2 test as compared to 59.4% for Pap cytology.33 The country
later introduced primary screening by HC2 test for women aged 35–64 years and HPV
vaccination for girls aged 9–12 years in their national immunization program in 2008.34
The findings of the above studies are very encouraging as it demonstrates that a simple and
reliable HPV DNA test which is now available in low income countries has a potential to be
accepted as primary screening tool in the near future. The World Health Organization (WHO)
guidelines has recommended molecular HPV based screening as the test of first choice in the
RTIs and HPV
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countries contemplating to initiate cervical cancer screening program, provided it is
logistically feasible and affordable.29 The benefits of HPV test in terms of providing single
round of screening at age 35 and above, would be in terms of preventing the repeated rounds
of testing that are needed for Pap cytology and VIA test.31
The population based cross sectional studies from developing countries like Peru, Latin
America, Zimbabwe, South Africa, India, Mexico and Costa-Rica also evaluated HC2 test
versus other cervical cancer screening modalities (Pap cytology/ VIA) to investigate the best
screening modality for their countries. These countries also used second generation HC2 assay
and the value of 1/> 1 RLU corresponding to 5000 or more copies of the virus per ml was
interpreted as a positive test.32,48-53
The sensitivity of HC2 test assay to diagnose CIN2+ lesions demonstrated is in the range of
50% to 91% with an average of 79%. The specificity demonstrated is in rage of 62%-94.6%,
with an average of 86% (Table- 2.4.2).
There is a statistically significant difference (p value = 0.003) in sensitivity of HPV DNA
HC2 test to determine CIN2+ lesions between the developed and developing countries, while
there is no difference in the specificity of the test. Similar findings are supported by Arbyn M
et al.149 There is an overall issue of low sensitivity of HC2 test to diagnose CIN2+ lesions
reported from developing countries especially from Indian context (Table-2.4.3).
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Table 2.4.2. Sensitivity and specificity of HC2 test to diagnose CIN2+ lesion
demonstrated in cross-sectional studies from developing countries (year 1993-2003)32,48-53
Country

Year

Population

Age of
population

Sensitivity
(95%CI)

Specificity
(95% CI)

Peru48

2001

5435

25-49 years

77.27% (70.4-83.5)

Latin
America 51
Zimbabwe 49

20022003

4195

18-60 years

82.8% (76.3-88.4)

89.32
(88.5-90.1)
86.4%
(85.3-87.5)

19961997
19981999
19992003

2140

25-55 years

81% (75-86%)

424

35-65 years

88.4% (76.9-81.9)

4063

25-65 years

50% (36.6-63.4)

19992003
19992003
1999

3551

25-65 years

70.5% (57.4-81.5)

4761

25-65 years

80% (67.7-89.2)

7868

15-85 years

90.7% (83.4-95%)

19931994

1119

18 n Above

88.40%

South
Africa 50
India (K1) 52
India (M) 52
India (T2) 52
Mexico 32
Costa-Rica 53

62%
(59-64%)
81.9%
(76.5-86.5)
91.7%
(90.7-92.6)
93.6%
(92.7-94.4)
94.6%
(93.9-95.3)
93.2%
(92.1-93.3)
89.40%

Sensitivity - 79% (range 50%-91%) specificity - 86% (range 62%-94.6%)

Table 2.4.3. Test characteristics of HC2 for diagnosing CIN-2+ lesions reported from
developed and developing countries.

Groups

Developed countries

Developing countries

P value

Sensitivity
(average)

95%

79%

0.003

Specificity

91.5%

86.9%

0.276

(average)

A cross-sectional population based multicentric study, enrolling 18,085 women in age group
of 25-65 years was conducted across three locations in India to evaluate the test characteristics
of HPV DNA HC2 in detecting CIN-2+ lesions. The author reported a large range of sensitivity
of HC2 test varying from 54.7% to 80.9% and specificity varying from 91.7% to 94.6%. Low
RTIs and HPV
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sensitivity of HC2 test was demonstrated at Mumbai and Kolkata sites as compared to
Trivandrum site. The author attributed the low sensitivity of HC2 test to sampling technique,
leading to cell inadequacy, as the specimen was collected by nonmedical staff at Mumbai and
Kolkata site and also due to differences in the sequence of test performed as HPVDNA was
performed after the Pap test.52
Arbyn M et al in their study, evaluated the performance of five cervical cancer screening test
(VIA, VIAM, VILLI, HC2, Pap cytology) from Sub-Saharan African countries and India to
diagnose CIN2+ lesions. The author reported a pooled sensitivity of 62% (95% CI 56–68%)
and a specificity of 94% (95% CI 92–95%) for HC2 test for diagnosing CIN2+ lesion from
these countries. The sensitivity of HC2 test for diagnosing CIN2+ lesion was reported to be
lower than that of VIA (though not statistically significant). The author attributed this low
sensitivity reported from the developing countries to deterioration/ degradation of the
HPVDNA sample due to exposure of DNA to high temperature during transportation,
misclassification of the outcome depending on gold standard (either colposcopy or biopsy) and
prevalence of HPV type not included in B probe cocktail of HC2 test.149 The similar cause of
degradation of HPVDNA in the sample due to improper temperature during transportation and
storage was also reported by Almonte et al. Their study reported low sensitivity of HPVDNA
HC2 test for CIN2+ lesions, around 77.27% and the specificity of 89.32%. The study was
conducted in Peru, wherein the health care facility was difficult to access due to poor road
quality. The collected HPVDNA samples were sent to London for HC2 testing. The study also
reported huge loss to follow up of referrals cases.48
Among the cross-sectional study conducted in Harare, Zimbabwe49 and Latin America51 the
authors demonstrated moderate sensitivity of HC2 test (81% and 82.8% respectively) for
CIN2+ lesion. The authors proposed the HC2 RLU cutoff assays and the prevalence of HPV
in a particular geographical area to affect the sensitivity of the test assay.
RTIs and HPV
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The study from South Africa,50 primarily evaluated HPVDNA HC1 test at various RLU cut
off >/= 1 as an alternative screening test for Pap cytology in low resource setting. A subset of
stored HPVDNA samples of women with biopsy confirmed precancerous and cancerous
lesions and a 10% random sample of women with no cervical disease were retrospectively
retested using HC2 test. The author reported 88.4% sensitivity of HC2 test to diagnose CIN2+
lesions which is comparable with the sensitivity reported from developed countries. The
author attributed the high sensitivity of HC2 test to high prevalence rate of HPV (22%), HIV
(8%) and STI (6% Gonorrhoea /Chlamydial infection, 18% Trichomonas infection) burden
among women enrolled in the study at subsequent visit. The limitations of the study were
verification biases, small retrospective sample and high risk of the population for HPV. The
findings of this study cannot be generalized. The other study from developing country with a
comparable sensitivity of HC2 test (90.7%) with other developed countries was reported by
Salmeron et al32 after adjusting verification biases due to factors like loss to follow up,
unconfirmed cases due to sample inadequacy.
The cross-sectional population-based study conducted in Mumbai24, as part of multicentric
trial52 to evaluate the sensitivity of HC2 test to diagnose CIN2+ lesion, reported 62% sensitivity
for detecting CIN2+ lesions after controlling the known factors affecting the test sensitivity
like- the sample collection technique and the transportation of HC2 from field settings to
laboratory as per the SOP of Microbiology Dept. The staff underwent regular training on
sample collection technique and had regular rounds of quality control. There was no
verification bias, as all women enrolled in the study underwent colposcopy and biopsy was
taken for cervical abnormalities. The samples of HC2 were processed at Microbiology
department which has a NABL accreditation.

RTIs and HPV

86

REVIEW OF LITERATURE….

CHAPTER 2.5

2.5. Laboratory tests for common Reproductive tract infections and
Human Papillomavirus infection

2.5.1. Laboratory diagnosis of Reproductive tract infections
The vaginal microbiological flora of the lower female genital tract is a complex of aerobes and
anaerobes bacteria which are under the influence of factors like age, oestrogen levels and
lactobacilli. The infection of lower genital tract infections are caused by exogenous (not
commensal of vaginal flora) and endogenous organisms which are commensals of vaginal
flora. Microorganisms like Neisseria gonorrhoeae, Chlamydia trachomatis, Streptococcus
pyogenes, Streptococcus pneumoniae, Haemophilus influenzae, Listeria monocytogenes and
Trichomonas vaginalis are exogenous organism which causes genital infections by virtue of
their biological properties. The endogenous organism like Gardnerella vaginalis, group B
streptococci, E coli, Candida can cause infection by their replication dominance which can be
influenced by the above mentioned factors and inhibitory or synergistic interrelationships with
other microbes among which lactobacilli counts plays a key role.150
The common organisms associated with genital tract infections among women are Bacterial
Vaginosis, Candidiasis, Gonorrhoea, Chlamydia trachomatis and trichomoniasis. The present
chapter looks into the methods for diagnosis of Bacterial Vaginosis, Candidiasis, Chlamydial
infection and Gonorrhoea as these are the commonly reported RTIs in India.

2.5.1.a. Methods of diagnosis for Bacterial Vaginosis151-153
The vaginal microbiological flora consists of several types of obligate and facultative anaerobic
bacteria that are commensal, including Gardnerella Vaginalis, Peptostreptococcus species,
Bacteroides species. The Bacterial Vaginosis is a condition caused by overgrowth of organisms
mainly Mobiluncus spp, Prevotella spp, Bacteroides spp, Peptostreptococcus, Fusobacterium,
Eubacterium spp, Mycoplasma hominis and Ureaplasma urealyticum. In Bacterial Vaginosis,

RTIs and HPV

87

REVIEW OF LITERATURE….

CHAPTER 2.5

the lactobacilli count is reduced greatly and there occurs overgrowth of various anaerobes
bacteria mentioned above including Gardnerella vaginalis.

Clinical Diagnosis
Bacterial Vaginosis is the most common cause of vaginal discharge among women
characterized by fishy odour. The clinical diagnosis (Amsel’s criteria) is based on the presence
of at least three of the following four criteria mentioned below.
1.Homogeneous white to grey adherent discharge;
2. Vaginal fluid pH of >4.5;
3.Fishy amine odour from the vaginal fluid when mixed with 10% potassium hydroxide (KOH)
solution;
4.“Clue cells” visible on microscopic examination.
The major limitation of the Amsel’s criteria is subjective biases involved in diagnosing
Bacterial vaginosis.

Laboratory diagnosis
The common laboratory methods to diagnose Bacterial vaginosis is Nugent and Ison-Hay
criteria. Among these laboratory methods to diagnose Bacterial vaginosis the Nugent method
is the most evaluated method and is considered the gold standard method.

1. Nugent Method:
The Nugent score uses a system of scoring points allotted to different bacterial morphology,
number of different bacteria present in the sample, and amount of lactobacillus present. The
method allots scores of 0-10 depending on following points.
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Types of organism: large Gram-positive rods (lactobacilli), small Gram-negative or Gramvariable rods (G. vaginalis or other anaerobes), and curved Gram negative or Gram-variable
rods (Mobiluncus spp.).
Quantitative score: The groups are then allotted a score depending on the quantitative
weightage given on following points
0 = no morphotype per oil field
1+ = less than 1 morphotype per oil field
2+ = 1 to 4 morphotypes per oil field
3+ = 5 to 30 morphotypes per oil field
4+ = more than 30 morphotypes per oil field.
The scoring system also take into account of lactobacilli morphology present on a smear.

A total score of 0-3 is considered as normal vaginal flora, a score of 4-6 is classified as
intermediate flora and score of 7-10 is consistent with a diagnosis of Bacterial vaginosis.

Table 2.5.1. Nugent ‘s scoring system for diagnosing Bacterial vaginosis
Score

Lactobacillus
morphology per
vision field

Gardnerella morphology and
Bacteroides spp. morphology
per vision field

Curved bacteria Gram
variable rods morphology per
vision field

0

>30

0

0

1

5-30

<1

1-5

2

1-4

1-4

>5

3

<1

5-30

4

0

>30

Score:0-3=Suggests normal flora, 4-6= Suggests Intermediate flora, 7-10= Suggests BV
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2. Culture:
Since the Bacterial vaginosis is caused by overgrowth of organisms which are commensal of
vaginal flora the culture may not be a reliable test to diagnose. Culture is not recommended
diagnostic test for diagnosis of Bacterial Vaginosis.

2.5.1.b. Diagnosis of Candidiasis-150,153
Candida is a commensal of vaginal flora and under selected circumstances like
puberty/pregnancy/uncontrolled diabetes/immunosuppression has a potential to cause disease.
Candida is also known to be regulated by oestrogen levels in females. Candidiasis in females
is known to be caused by the fungus Candida albicans which contribute to 85% of vaginal
infection. The next common type of Candida responsible for the genital infection is C.glabrata
with contributes to 15% cases of candidiasis. Since the Candida is a commensal of vaginal
flora, the mere gram stain diagnosis may lead to overdiagnosis of infection in absence of
symptoms.
Clinical diagnosis of Candidiasis
Clinically, the infection is characterised by increase curdy discharge adherent to vaginal wall
on per speculum examination with signs of labial pruritis.
Laboratory diagnosis of Candidiasis.
1. Wet mount preparation- Detection of budding yeast cells by wet mount microscopy
examination is known to have a very high predictive value for the diagnosis of Candidiasis.
2. Gram stain smear- The presence of budding yeast cells and pseudohyphae in presence of
clinical evident infection is the most preferred method for diagnosing Candidiasis.
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3. Vaginal swab culture- Candida can be a commensal of normal vaginal flora, hence the results
of culture must be interpreted with caution. The use of culture to diagnose Candidiasis is
recommended only if Candidiasis is clinically suspected but microscopy is negative for the
organism.
4. PCR Molecular test- The test is highly sensitive for diagnosing Candida spp. The limitation
of the test is the overdiagnosis of infection leading to false positive results, in the absence
of clinical findings of infection. At presence the test serves no advantage over microscopy
test.
Preferred method.
As per WHO guidelines the diagnosis of candidiasis should be established with a
combination of clinical features and microscopy of Gram stain smears.
2.5.1.c. Non-Gonococcal infection as a surrogate marker for Chlamydia 154,155,156
Chlamydia trachomatis is the etiological agent of Chlamydial infection. Among the 13
genotypes (A-K,L1,L2,L3) identified of Chlamydia trachomatis, the genotypes D-K are
mainly associated with cervicitis among women.
Clinical diagnosis of Chlamydia
Chlamydial cervicitis is characterised by unhealthy cervix that bleeds on touch with
mucopurulent discharge on per speculum examination.
Laboratory diagnosis of Chlamydia
1.Culture
The commonly recommended culture media used for Chlamydia are HELLA 229, monolayer
of McCoy. The recommended transport media for the organism is SPG buffer with
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antimicrobial inhibitors. Since the organism is not the commensal of the vaginal flora, the
advantage of culture in diagnosing Chlamydial infection is high sensitivity and specificity of
the test. Culture is a recommended test for diagnosis of Chlamydial infection.
2. Direct immunofluorescence Assay
This test is well evaluated in public health settings and can be undertaken on endocervical
swab.
3. Nucleic acid amplification test (NAATs)- The advantage of the test is high sensitivity and
specificity, the rapid delivery of the test results and the easy transportation of the specimen
with no issue of contamination. At present the limitation of the test is the cost factor, with
only few FDA (Food & Drug Agency) approved test. Currently the test is not much
evaluated in Indian public health settings.
CDC guidelines for diagnosing Chlamydia in low income countries154,156
Chlamydia is a common etiological factor for cervicitis. The accuracy of recommended
laboratory test (Culture) to diagnose Chlamydial infection depends on the accuracy of
sample collection, selection of transportation media, risk of contamination of the specimen
and the technical skill in interpretation of the results. This can be a logistic challenge for
low- and middle-income countries like India. The cost factor for the tests also remains a
challenge to implement this test at Primary health care level. The increased morbidity
associated with genital Chlamydial infection among women, needs this infection to be
promptly diagnosed and treated. As per CDC guidelines, since inflammation of cervix
(cervicitis) is associated with increased pus cells count, a finding of clinical cervicitis with
>10 WBC per high-power field on microscopic examination can be associated with
chlamydial infection.
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2.5.1.d. Neisseria Gonorrhoea 153-156
Neisseria Gonorrhoeae is also one of the main causes of cervicitis among women. Along with
Chlamydial infection it contributes to the huge burden of urogenital STI/RTIs globally. Among
the genotypes (N. lactamica, N. sicca, N. cinerea, N. flavescens, N. subflava, and N. mucosa,
N.Gonorrhoeae and N. meningitidis) N.Gonorrhoeae and N. meningitidis are mainly
pathogenic in humans and remains the main cause of urogenital infection among women.
Clinical diagnosis of Gonorrhoea
Gonococcal cervicitis is characterised by unhealthy cervix that bleeds on touch with
mucopurulent discharge on per speculum examination.
Laboratory diagnosis of Gonorrhoea
1.Culture
Culture remains the gold standard test for genital N.gonococcal infection with high sensitivity
and specificity reported. The transport media used is Stuarts or Amies transport medium. The
recommended culture media are Thayer– Martin, modified Thayer–Martin media and New
York City agar (NYC).
2. Gram stain smear
The Gram stain smear to identify intracellular Gram-negative diplococci within
Polymorphonuclear leukocyte (PMNL) is the method of choice for the presumptive diagnosis
of N. Gonorrhoeae. In women, however, smears of cervical secretion is reported to detect only
40–60% of culture-positive specimens demonstrating a low sensitivity of Gram stain smear in
diagnosing Gonococcal infection. The specificity of Gram stain smear to diagnose Gonorrhoea
is reported to be around 80-95% depending on the skill of the microscopist.
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3. Nucleic acid amplification test (NAAT)
Recently NAATS nucleic acid have been developed and introduced for detection of specific
N. gonorrhoeae DNA/ RNA. These are generally more sensitive than culture in detection of
the organism. At present the cost effectiveness of the test remains a challenge for developing
countries.
CDC guidelines for diagnosis of Gonorrhoea in low income countries.
A properly prepared Gram stain to identify intracellular Gram-negative diplococci within
PMNL is the method of choice for the presumptive diagnosis of N. gonorrhoeae cervical
infection with low sensitivity. The specificity of the test for the diagnosis of gonococcal
cervical infection is proposed to be high, when evaluated by an experienced technician.
2.5.1.e. Trichomoniasis153
The organism is not a commensal of vaginal flora and brings pathogenicity by virtue of its
biological properties. It is a recognised cause of vaginal infection among women.
Laboratory diagnosis
1. Wet preparation microscopyThe demonstration of pear shaped organism with flagella at a higher resolution under a
microscope is a hallmark for diagnosing T.Vaginalis infection. The high vaginal swabs eluted
into 0.5 ml of sterile saline and a slide prepared with a drop of this saline sample to be observed
under the microscope is the recommended method to diagnose this infection. Since the motility
of the organism can be lost due to high temperature, the slide should be read within 10 minutes
of collection.
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2. Point of care- Antigen detection tests.
Various antigen detection assays have been developed to diagnose T.Vaginalis. At present the
cost and the performance of the tests vary. The latest generation of these tests namely OSOM
Trichomonas Rapid Test (Genzyme Diagnostics, USA) has been reported to have superior
sensitivity compared to microscopy.
3. Culture
Since the organism is pathogenic, culture is a recommended test for diagnosing T.Vaginalis.
4. Nucleic acid amplification tests (NAATs)
It is an emerging test, but the cost effectiveness in Indian settings remains questionable.

2.5.2. Molecular tests for Human Papilloma Virus
HPV is a recognised virtual cause for cervical cancer. Testing for HPV, the primary cause for
cervical cancer is one of the most widely evaluated biomarker in clinical trials. There are
various molecular tests available as mentioned below.35,157,158

2.5.2.a. HPV DNA molecular tests are divided broadly into
1. Non amplification technique – Nucleic acids Hybridisation test.
2. Amplification techniques – This group is further classified as
(a) Target amplification, which amplifies the target nucleic acids - PCR
(b) Signal amplification, in which the signal generated from each probe is increased by a
compound-probe – Hybrid capture 2 test (HC2), Care HPV, Cervista HR, Cervista HPV 16/18.
(c) Probe amplification, in which the probe molecule itself is amplified --- ligase chain reaction.

RTIs and HPV

95

REVIEW OF LITERATURE….

CHAPTER 2.5

Among the molecular tests, four commercially available molecular diagnostic kits have been
approved by the United States Food and Drug Administration (US FDA) and have been
validated. These tests are
(1) Hybrid Capture 2 (Digene), detects 13 oncogenic HPV. (signal amplification test).
(2) Cervista HPV HR (Hologic), detects14 oncogenic HPVs (signal amplification test).
(3) Cervista HPV 16/18 (Hologic), detects oncogenic type HPV16 and 18. (signal amplification
test).
(4) Cobas 4800 HPV (Roche), detects 14 oncogenic HPVs (target amplification test).
Again, among the above molecular HPV DNA test assays, HC2 test and GP5+/6+ PCR has
been extensively evaluated in cross-sectional studies.
2.5.2.b. Hybrid capture 2 test 143,144
HC2 test has probes for high-risk oncogenic HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, and 68 that contribute for cervical carcinogenesis. The test being semi-quantitative,
reports the viral load in a specimen which is read in terms of Relative light unit (RLU)/Cut
off ratio obtained from the luminometer of the HC2 assay equipment.
Storage of samples
Once samples are collected, they are stored at room temperature for two weeks, at 4°C for one
additional week, and at -20°C for up to three months.
Principle of test
The HC2 test is a nucleic acid hybridization assay with signal amplification. The denaturation
solution, provided in assay kit is added to the cervical specimen. This breaks the HPV DNA
strand. A full B-probe of oncogenic HPV RNA targeting the oncogenic DNA is then added
to the specimen. This results in DNA:RNA hybrids being formed. These hybrids formed are
then captured onto the surface of a microplate well which is coated with antibodies specific
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for DNA: RNA hybrids. A chemiluminescent substrate namely alkaline phosphatase (reagent
in the assay kits) is then added to the specimen. The alkaline phosphatase cleavage substrate
which is formed. As the substrate is cleaved by the bound alkaline phosphatase, light is
emitted which is measured as relative light units (RLU) on luminometer of the machine.
Steps of the test
The reagents required for the test are prepared as per the SOP of Digene manufacturer
available in test assay kits.
Step1. Denature HPV DNA
Denaturation reagent which is prepared is added to the testing tube with cervical specimen.
Step 2. Mixing of probes and hybridization
Probe B cocktail mix, having probes for specific oncogenic types is added to the testing tubes.
The tubes are then placed in water bath at 65°C for 30 minutes.
Step 3. Step for Hybrid capture
The microplate coated with antibodies specific for DNA:RNA hybrids is numbered for
appropriate identification of the patient’s sample along with quality control samples as per the
test assay kit. The High-risk HPV B probe mix is carefully pipetted into each microplate well.
The coated microplate along with the specimen is then placed on a mechanical shaker for 30
minutes.
Step 4: Detection for Hybrid capture
The reagent with the additional antibodies tagged with alkaline phosphatase, is then added to
the microplate.
Step 5: Detection, validation, and interpretation
The alkaline phosphatase cleaves the antibody complex formed. The light intensity released
due to cleavage by alkaline phosphatase is read using a luminometer which has integrated
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computer software. Any sample that emits light as bright or brighter than the light released by
a positive control is considered a positive signal for HPV. The results are captured directly into
assay specific paper provided by the manufacturer.
Quality control
The HC2 test kits have quality controls samples and assay calibrators that validate the reagents
of the test kits and the procedure of the test. The test has two quality control samples, for low
risk virus (HPV type 6) and high risk virus (type 16). The assay calibrators have a specific
range of % coefficient of verification (% CV) and the test results should fall within the specific
range of % CV for the test to be valid, permitting accurate determination of assay cut off
value. For all specimens the RLU values are converted into ratio of RLU/cut off value and
expressed as RLU/cut off ratio. This is done automatically by the Digene qualitative software
and is printed on data analysis report.
Interpretation of the test results.
The test interprets ‘HPVDNA detected’ for the oncogenic type when the specimen ratio is >/=
1 (RLU/cut off value equal to or more than 1). This corresponds to 5000 or more viral copies
present in the cervical sample.
Limitation of the test
A negative test does not rule out HPV infection as samples with HPV viral copies less than the
detection limit of the assay can be falsely interpreted as negative test. Antifungal creams,
contraceptive jellies, douches can also result in false negative test results. The cross reactivity
of probes can occur due to HPV types 6,11,40,42,53,54,55,66 and also plasmids presents in
human genital tract leading to false positive test results.
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3.1. Rationale
There is a significant difference in sensitivity reported for HC2 test to diagnose CIN2+ lesion
from developed39-47 and developing32,48-53 countries while there is no difference in specificity.
There is evidence from India, demonstrating the potential of HC2 test to be accepted as primary
screening modality for decreasing cervical cancer mortality in developing countries.31
Presently, the issue with the HC2 test in implementing as a primary screening test in developing
countries like India is its low sensitivity reported.52,24
The cross-sectional study conducted by Tata Memorial Hospital (TMH), Mumbai, India,24
which was a part of multicentric trial, reported 62% sensitivity of HC2 test for CIN2+ lesions
after controlling the known factors affecting the test sensitivity. The sample collection
technique and transportation of HC2 test were as per Standard operating protocol (SOP) of the
Centre. The staff underwent regular rounds of quality control for sample collection methods.
There were no verification biases, as all the women enrolled in the study underwent
colposcopy. The samples of HC2 tests were processed at Microbiology department which has
a NABL accreditation (National Accreditation Board for Testing and Calibration Laboratory).
HPVDNA test was processed by HC2 method which has probes for 13 oncogenic HPV types
commonly reported from Indian context.55,99-104 India has a huge burden of undiagnosed and
untreated STI/RTIs.56-58 There is a perception for the role of STIs/RTIs associated with
mucopurulent cervicitis in influencing the detection rate of HPV by HC2 test.
The current study explored, if co-infection with mucopurulent cervicitis associated with RTIs
is hampering the detection rates of HPV due to cell inadequacy leading to less viral copies
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below the detection threshold of the test assay. This may be one of the factors leading to false
negative test results affecting the sensitivity of the test.75,143,144

3.2. Hypothesis
The results of HPVDNA HC2 testing are affected by presence of blood and mucus associated
with cervical inflammation due to RTIs among women co-infected with HPV.
If the study demonstrated, the performance of HC2 test being influenced by the presence of coinfections with RTIs, it would become an important practice to treat co-infections before
performing a HC2 test to reduce false negativity of the test results (low sensitivity).

3.3. Aim of the study
To study if concomitant RTIs leading to cervicitis interfere with performance of HPVDNA
Hybrid Capture 2 (HC2) testing.

3.4. Objective of study
3.4.a. Primary objective
1. To study whether the presence of clinical cervicitis /or co-infections with lab diagnosed RTIs
interfere with the result of HPV DNA testing by HC2 method.
3.4.b. Secondary Objective
1. To determine the prevalence of HPV infection in women with and without clinically
diagnosed cervicitis.
2. To determine prevalence of HPV infection in women with lab diagnosed RTIs.
(Gonococcal, Non- Gonococcal infections, Bacterial Vaginosis, Candida)
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3.5. Ethical clearance
The study was conducted at Preventive Oncology Department of Tata Memorial Hospital
(TMH) in collaboration with Department of Microbiology and Department of Obstetrics and
Gynecology of H.B.T.M. Collage & Dr R. N. Cooper Hospital (Cooper Hospital). The study
protocol was reviewed and approved by the ethics committees and institutional review board
of the participating centres respectively. The study was initiated after registering with Clinical
Trial.gov. Clinical Trial.gov.NCT02830230.
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4.1. Study design - Case-Control

4.2. Inclusion criteria
4.2.a. Inclusion criteria for cases
Sexually active (in last 3 months) non-pregnant women aged 30–50 years with clinically
diagnosed unhealthy cervix with presence of cervical inflammation that bleeds on touch with
mucopurulent or purulent endocervical discharge present on speculum examination
irrespective of symptoms.
4.2.b. Inclusion criteria for controls
Sexually active (in last 3 months) non-pregnant women aged 30–50 years with no symptoms
pertaining to STI/RTIs (No white discharge P/V, No lower abdominal pain, No urinary
symptoms, No dyspareunia, No pruritis vulvae, No post coital bleeding) and clinically no
cervicitis or vaginitis on per speculum examination.

4.3. Exclusion criteria
1.The women who received any antibiotics or treatment for reproductive tract infection within
the last 4 weeks before enrolment.
2. Women with present or past history of treatment for cervical cancer.
3. Women with only vaginitis without cervicitis for the case arm.
4.Women with history of drug allergy to treating drugs.
(Cefixime, Azithromycin, Secnidazole, Metronidazole, Doxycycline, Fluconazole).
5.Women not willing to follow up.
6.Women currently on antitubercular drugs, or with a known history of immunodeficiency
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syndrome.
7.Women who received any HPV vaccination in the past.

4.4. Study setting
The present study was a collaborative study between Tata Memorial Hospital (TMH) with
H.B.T.M. Collage & Dr R. N. Cooper Hospital (Cooper Hospital). The women were enrolled
from Unit-1 of Obstetrics and Gynecology Department of Dr. R N. Cooper Municipal Hospital
and Department of Preventive Oncology Tata Memorial Hospital, Mumbai. All the women
enrolled at Cooper Hospital were registered with Preventive Oncology Department for
processing of HPV samples. The cervicovaginal slides collected for Gram staining of RTIs
were processed at Microbiology Department of Cooper Hospital.
The additional Source of cases to the Department of Preventive Oncology, were women
referred for colposcopy in view of unhealthy cervix for further evaluation from Tertiary care
hospitals and Private hospitals. The source of controls were asymptomatic women who
attended the Department of Preventive Oncology for routine screening of breast and cervical
cancer or symptomatic women for breast complains who received an opportunistic screening
for cervical cancer.

4.5. Administration of inform consent
Treating doctors administered the informed consent form in the vernacular language to the
women participating in the study. The informed consent clearly described the purpose and the
process of the study. For women unable to read, the entire informed consent was read out in the
vernacular language in the presence of witness. The women were made aware of their right to
refuse to participate. They were made to understand the benefits of the study to themselves and
to the society. They were assured of the confidentiality that would be maintained in the study.
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Any doubts that raised out of the information sheet were completely explained by the treating
doctors. The women were also assured that their denial to participate will not affect their
treatment and management. Sufficient time was given to each woman to think thereafter. The
women willing to participate were enrolled in the study after consenting.

Fig.4.1. Study methodology flow chart

Note- All women enrolled in the study were advised sexual abstinence or use of barrier
contraception at baseline visit till the follow up visit.
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4.6. Methodology (Fig.4.1)

Baseline evaluation on Day 1
Among women visiting the Departments of Preventive Oncology (TMH) and Department of
Obst & Gynaec of Cooper Hospital during the period of August 2016 to August 2018, sexually
active, non- pregnant women in the eligible age group of 30-50 years were counselled about
the study and invited to participate in the study. All women were then screened for eligibility
criteria of the study pertaining to history and findings on per speculum examination.
The women fulfilling the criteria of case/control and willing to follow up were consented for
recruitment in the study. After performing per speculum examination, the clinical criteria of
case/control were re-confirmed by the two senior doctors (post-doctoral degree in Preventive
and social medicine with atleast 1 year of experience and a post-doctoral degree in Obstetrics
& Gynecology) in the department. Women with clinical cervicitis on per speculum
examination were enrolled as cases and women with no symptoms pertaining to RTIs and no
clinical evident genital infection were enrolled as controls.
The women rolled in the study underwent the following steps as a part of study protocol.

Step 1 - A validated structured questionnaire was filled during an interview which consisted of
following parts.
Socio-demographic, reproductive variables, tobacco use, contraceptive history.
Structured questions to assess the symptoms of RTIs. (White discharge
associated with abdominal pain, itching of perineum, burning in micturition,
dyspareunia, post coital bleeding/spotting).
Structured questions to capture the findings of clinical examination and lab
diagnosis of STI/RTIs.
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Step 2 - During the screening procedure, the women was placed in a lithotomy position and the
doctors conducted the examination in the following steps.
Perineum was inspected for any signs of STIs (genital warts, ulcers, Bartholin
cysts) and vaginal discharge.
Unlubricated bivalve vaginal speculum was inserted and the cervix and vagina
were examined for any signs of cervicitis or cervico -vaginitis and the findings
were documented.
Step 3 - Cervical swab from ectocervix and endocervix was collected as per the protocol. A
vaginal swab was collected from the lateral walls of vagina and posterior fornices.
The discharge collected by the swabs was evenly spread on a glass slide.
Step 4 – Cervical cells for HPV DNA testing was collected using HC2.
Step 5 - A per vaginal examination was done to diagnose any signs of Pelvic Inflammatory
Disease (PID) in terms of any tenderness or any mass in lateral fornices.
Step 6 - The slides were immediately heat fixed, labelled with patient’s ID and put in a slide
box to be transported to the Microbiology laboratory of Cooper Hospital for Gram staining.
The HC2 samples were labelled and transported to Microbiology Department of TMH

The women diagnosed with clinical cervicitis /cervico vaginitis (case arm) were given the
Syndromic treatment and partner treatment was advised. The need of partner treatment was
strictly counselled to all women & her husband (if accompanying). In case of illiterate women
from low socio-economic background, women were advised to carry the empty packets of
prescribed drugs at the time of next follow up. The treatment was given free of cost as a part of
study protocol.
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Instructions for follow up
All the women enrolled in the study irrespective to study arm (case/control), were counselled
for follow up and advised the use of barrier contraception (condoms) / sexual abstinence till the
second sample collection. No samples were collected during menses. In case a vaginal pessary
was advised to women, the women were advised to stop the pessary 3-5 days before she returned
for her second sample collection. All women were given a calculated date for follow up.

Follow up evaluation on Day 7-14.
All women enrolled in the study (cases and control) were followed up after 7-14 days.
Step1 – On follow up day, all women were assessed for the use of barrier contraceptives or
abstinence, self-treatment and partner treatment compliance. The illiterate women who were
asked to follow up with empty packets of prescribed medicines, were assessed for correct
administration of drugs and treatment compliance by the treating doctors. Symptomatic women
in the case arm at baseline visit were re-assessed for symptomatic cure of the complaints. If the
women reported to OPD for her second sample collection and was found to have bleeding or
vaginal pessary on per speculum examination, no samples were collected and the women were
advised to follow up on the recalculated date.
Step 2 - The women underwent per-speculum examination and clinical signs of cervicitis or
cervico-vaginitis were reassessed for therapeutic and documented for women enrolled in the
case arm (Annexure 1. Table 1). Women in the control arm were assessed for any signs of new
infection. If the women reported to OPD for her second sample collection and was found to
have bleeding or vaginal pessary on per speculum examination, no sample was collected and
the women was advised to follow up on the recalculated date.
Step 3 - A repeat cervical swab and vaginal swab were collected and send for Gram staining
for the above-mentioned organisms at the baseline visit.
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Step 4 - A repeat, cervical cells for HPV DNA test were collected by HC2 method.
Step 5 - A per vaginal examination was done for women who had signs of Pelvic
Inflammatory disease at baseline visit.
All the women enrolled in the study underwent a Pap smear and a colposcopy evaluation as a
part of OPD protocol on baseline visit. The women in the control arm, who were asymptomatic
with no signs of RTIs at baseline visit, received treatment on the follow up visit, if detected
positive for any pathogenic organism on Gram staining. Women with acetowhite area on
colposcopy underwent biopsy. The pathologists were blinded to clinical findings.

Tracking follow ups
At baseline visit all women enrolled in the study were advised follow up. The follow up date
was calculated for the women maintaining the interval of 7-14 days between the sample
collections. The record of next follow up visit was maintained in the master sheet along with
the telephone numbers. If the woman did not follow up on the allotted date, she
was telephonically contacted by medical social worker of the Department of Preventive
Oncology. In case of menstrual cycle, the woman was advised to follow up after 5th day of
her menstrual cycle or two days after the cycle was over. The medical social worker would
allot a new date of follow up to the woman telephonically. In case, if the woman failed to
report to OPD after the 1st telephonic call, a second telephonic call was given by the treating
doctor and the need of follow up was explained to the woman. The woman was traced for a
period of 1 month from the date of her enrollment after which she was labelled as loss to
follow up. No samples were collected for woman beyond 1 month even if she reported to
OPD. The woman received treatment as per Standard Operating Protocol (SOP) of the
Department.
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Methodology flow chart

1.Eligibity criteria reconfirmed by two
senior doctors after consenting

2. Soft cotton stick used to collect
discharge

3. Cervical swab taken

4. Cervical discharge uniformly
spread on glass slide

5. Vaginal swab taken
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spread on glass slide
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7. Cervical cells collected by cervical
brush provide in HC2 test kit.

9. HC2 test kit labelled with
women’s ID.

CHAPTER 4

8. Brush inserted into transport
solution provided by the test kit.

10. Cervical and vaginal glass
slide heat fixed.

11. Heat fixed glass slides stored in
slide box ready to be transported.
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4.7. Collection, transportation, storage and processing of samples
4.7.a. Cervicovaginal swab for Gram stain.153
Soft cotton tip swabs were used to collect vaginal and cervical discharge. For collecting
cervical discharge, the soft cotton tip swab was inserted into endocervix and rotated for 5-10
rounds. Vaginal discharge was collected by the same cotton tip swab from posterior fornices
and lateral vaginal walls. The discharge was uniformly spread on cervical labelled slide and
vaginal labelled slide respectively. The slides were coded with the women’s ID code and the
date of collection. The slides were immediately heat fixed and put in slide box to be transported
to the Cooper Microbiology laboratory for Gram staining. The microbiologist was blinded to
clinical findings and HPVDNA test results.
4.7.b. Cervical sample for HPV by HC2 test.143
HPV DNA testing was done using the Digene cervical sampler™ (DigeneInc, Gaithersburg,
Maryland, USA). After cleaning excess mucus or blood with soft cotton swab stick, the soft
cervical brush was inserted in the endocervical os till the outer bristles of the brush were on
ectocervix. The brush was then rotated in anticlockwise direction for three and half rotations,
and then placed in the transportation medium by breaking the tip of the sampler. These
samples were coded with patient’s ID code and transported to the Microbiology department
of TMH on the same day. The HPVDNA samples collected at Cooper Hospital were
transported to Microbiology Department of TMH maintaining a temperature of 15-300C. The
specimen were stored at 40C if the transportation to laboratory was delayed upto 2-3 weeks.
The samples in the Microbiology laboratory were stored at -20 0C. The test was conducted as
per SOP of Microbiology Department of TMH and the instructions of the Digene
manufacturer for HC2 assay. The microbiologist was blinded to clinical findings and Gram
stain results.
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4.8. Laboratory diagnosis for screen positivity
4.8.a. Laboratory diagnosis of RTIs.150-154,156
1) Gram stain diagnosis of Candidiasis.
Gram stain smear showing the presence of budding yeast cells or pseudo hyphae in
presence of clinical cervicitis.
2) Gram stain diagnosis of Bacterial Vaginosis (BV)
Gram stain of the cervico vaginal discharge for diagnosis of BV was done using Nugent
criteria. The slides were read at 1000x magnification using oil immersion. The Nugent
score uses a system of scoring points allotted to number of different bacteria present in
the sample, different bacterial morphology and number of lactobacilli present. The
score ranges from 0-10. A total score of 0-3 is considered as normal vaginal flora, a
score of 4-6 is classified as intermediate flora and score of 7-10 is consistent with a
diagnosis of BV.
Nugent ‘s scoring system for diagnosing Bacterial Vaginitis.
Score
0

Lactobacillus
morphology per vision
field
>30

Gardnerella
morphology per
vision field
0

Curved bacteria
morphology per
vision field
0

1

5-30

<1

1-5

2

1-4

1-4

>5

3

<1

5-30

4

0

>30

Score: 0-3=Suggests normal flora, 4-6= Suggests Intermediate flora, 7-10= Suggests BV.
For the present study the Nugent score of 7-10 was considered positive for BV while the score
of 0-6 were considered negative for BV.
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3) Gram stain diagnosis of Gonococcal infection
Gram stain showing gram negative diplococci on endocervical smear.
4) Non-Gonococcal infection-surrogate marker for Chlamydial infections.154,156
Clinical cervicitis with >10 pus cells/ per high power field on microscopic examination
with no other pathogenic organism reported on the endocervical slides (Annexure 1.
Table 2).

4.8.b. HPV DNA test.143
HPV DNA test was processed by Hybrid Capture 2 method. Cervical samples were classified
as being positive for DNA of oncogenic HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, and 68 if the relative light unit (RLU)/cut off ratio reading obtained from the
luminometer of the HC2 assay equipment was equal to or greater than 1, corresponding to
5000 or more HPV copies of the virus per ml .

4.9. Pharmacotherapy for Reproductive tract infections.56,156
4.9.a. Treatment administered for cervicitis on P/S
Name of drug and Dosage - Tab Cefixime 400 mg orally, single dose.
Tab Azithromycin 1 gm,1 hr before food.
Local Clingen vaginal pessary HS X 6 days
4.9.b. Treatment administered for cervicovaginitis on P/S.
Name of Drug and Dosage – Tab Cefixime 400 mg orally, single dose.
Tab Fluconazole 150 mg after breakfast.
Tab Azithromycin 1 gm,1hr before food.
Tab Secnidazole 2 gm orally, single dose.
Local Clotrimazole 500 mg vaginal pessary HS X 6 days
RTIs and HPV
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4.9.c. Treatment administered for women with white discharge with lower abdominal
pain.
Name of drug and Dosage - Tab Cefixime 400 mg orally, single dose.
Tab Doxycycline 100 mg twice a day was advised for 14 day
Tab Metrogyl 400mg twice a day was advised for 14 days.
Local Clotrimazole / Clingen vaginal pessary HSX 6 days

4.10. Data Management
The data of women enrolled in the study was recorded on the validated proforma with the
unique ID allotted to the women. The Data was entered in the Department of Preventive
Oncology, TMH using SPSS-version 24. The quality of data for consistency was checked by
the authorized person of the department at a regular interval of time during the study period.
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SAMPLE SIZE AND STATISTICAL ANALYSIS
5.1. Sample Size – (calculated by nMaster 2.0 software)
The prevalence of cervical HPV in general population among Indian women is estimated to
be 7.1%.55

India is expected to have a huge burden of untreated and undiagnosed

STIs/RTIs.57-59
Cervical inflammation (Cervicitis) caused due to bacterial RTIs is associated with
mucopurulent discharge. The hypothesis of the current study was that the mucopurulent
cervicitis associated with RTIs is hampering the detection rates of HPV by HC2 test due to
cervical cells inadequacy which is one of the proposed reasons for false negative test results
of HC2 test. As per hypothesis of the study, after treating cervicitis with antibiotics, we
expected detection rates of HPV by HC2 test to increase among women in the case arm if the
women were harbouring HPV at baseline visit. The control arm would help us to understand
the natural history of cervical HPV among women without clinical cervicitis.
In order to detect 10% difference in HPV detection rates by HC2 test after treatment of
cervicitis, with 80% power and error of 5%, the sample size estimated was165 women. Further
assuming an attrition rate of 20% for treatment failure and 15% loss to follow up the sample
size was worked out to be 254 women. Thus, a total of 508 women, 254 with cervicitis (case
arm) and 254 without cervicitis/vaginitis (control arm) were enrolled into the study.

5.2. Statistical application for primary and secondary objectives
The data of the women were captured in SPSS-version 25. Distribution of variables under study
were represented by descriptive statistics. Comparisons of baseline characteristics between
women enrolled in case & the control arms were assessed by Pearson’s χ2 test & Mann-
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Whitney U tests for categorical & continuously-scaled data respectively. Role of risk factors
on presence of cervicitis were assessed by using Binary Logistic Regression.

5.2.a. Methodology for statistical evaluation of primary objective
1. The objective of the study was to explore performance of HC2 test in detecting HPV among
women with clinical cervicitis/lab diagnosed RTIs before and after treating cervicitis in the
case arm.
After controlling the known confounders for false negative test result in the study, Fig 5.1
below shows the HPV outcome status diagnosed by the HC2 test at baseline and follow up visit
in case and control arms. At the baseline visit, HPV status among women enrolled in the case
arm (mucopurulent cervicitis) or control arm (healthy women with no mucopurulent cervicitis)
had two outcome status i.e ‘positive for oncogenic HPV’ or ‘HPV not detected’. On follow up
visit, each arm again demonstrated four outcome status in terms of, some women detected HPV
positive at baseline visit remained positive (HPV persistence), while in some women among
whom HPV was detected at baseline visit demonstrated HPV ‘not detected’ on follow up visit
(no HPV detected/clearance). Some women who were tested negative for HPV at baseline visit
were detected HPV positive on follow up visit and some remained negative at baseline and
follow up visit. Each arm (case/control) had outcome and suboutcomes on median follow up
of 13 days in case arm and 11 days in control arm.
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Fig 5.1. HPV status conversion among women enrolled in the study on median follow up
of 13 days in Case arm and 11 days in Control arm

The present study demonstrated case/control arm equally dynamic with regards conversions of
HPV outcome status captured by HC2 test. There were fix effect/fix variable (clinical
cervicitis) which the present study was powered to study its effect before and after treatment
on the HPV DNA outcome status (outcome variable) by HC2 test. There were conversions of
HPV outcome status also seen within the control arm in a short period of time, hence we expect
certain uncontrolled random events /unexplained host factors to have influenced our HPV test
results causing subjective variations in test result. The primary objective of the study was
analysed using Linear Mix Effect Model (LME). The subjective variations within and between
the study arms were accounted for, by including individual ID of women as a random variable
in LME model. The LME model took into account the effect of fix variables (clinical cervicitis
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and visits) and random variable (individual women ID) on the outcome variable (HPV detected
/not detected). The LME model was analysed using R software. The best model with respect
to AIC (Akaike information criteria) was selected for predicting the value of parameters
included for primary analysis.

Steps for model building

Model – To estimate the effect of clinical cervicitis on HC2 test.
Step 1- A total of 488 women, 243 in the case arm and 245 in the control arm for whom HC2
test results were available at baseline and follow up visits were involved in the analysis.
The variables captured on study proforma
Variables

Coded
0= negative
1= positive
Case =1
Control = 0
Baseline= 1
Follow up =2
ID of women

HPV status
Arm (Case/control)
Visits of women
Enrolment no
Step 2- Table created (Dummy)
Variables recoded for LME model in R software
ID women

Visit*

01
1
01
2
02
1
02
2
03
1
03
2
* Visit represented the change in HPV outcome status.
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Arm

HPV status

0
0
1
1
1
1

0
1
1
1
1
0
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Step 3- Model represented
HPV status = (case/control + Visits of women) + (ID of women) + (error term)
{outcome}

{fixed effect}

{random effect}

Primary Analysis

Fig shows the methodology of evaluation of primary objective

5.2.b. Analysis of secondary objective

1.To determine the prevalence of HPV infection in women with and without clinically
diagnosed cervicitis.
Presence of HPV infection in women with and without clinically diagnosed cervicitis was
represented by Cross tabulation. Association between presence of HPV infection and clinically
diagnosed cervicitis was tested by chi square test. Odds of having HPV infection among women
with cervicitis as compared to women without cervicitis was calculated by binary logistic
regression.
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2. To determine the prevalence of HPV infection in women with lab diagnosed RTIs.
Frequency with percentages were reported for women with co-infection of HPV with Candida,
Bacterial Vaginosis and Non-Gonococcal infection.
Analysis were performed by Statistical Packages for Social Sciences (Version 25.0, IBM Corp.,
Armonk, NY) & R version
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RESULTS

A. Study flow chart
Fig 6.1. Study flow chart showing baseline and follow up status of women enrolled in
the study

Eligible women consented for enrolment
in age group of 30-50 years N= 508
Case
N= 254

Control
N= 254

Range of follow up= 7- 30 days
Median follow up= 13 days

Range of follow up= 7-29 days
Median follow up= 11 days

Lost to follow up= 10

Lost to follow up = 8

HC2 test results not
available=1

HC2 test results not
available=1

Gram stain results not
available =0

Gram stain results not
available.
Baseline & follow up=3
Follow up visit=4

As shown in Figure 6.1, Among women attending the department of Preventive oncology,
sexually active non-pregnant women in the eligible age group of 30-50 years were
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counselled about the study and invited to participate in the study. 508 women satisfied for
the eligibility criteria who consented for recruitment in the study, among these 254
women satisfying the criteria for cases were enrolled in case arm and 254 women
satisfying the criteria for controls were enrolled in control arm. The range of follow up
visit in case arm was 7-30 days, median follow up interval was 13 days. Among 254
women enrolled under case arm at baseline visit, 244 women followed up. 10 were lost
to follow up and HC2 test result was not available for 1 woman at follow up visit.
Among 254 women enrolled under control arm at baseline visit, the range of follow up visit in
this arm was 7-29 days, median follow up interval was 11 days. 246 women followed up and
8 were lost to follow up. HC2 test result was not available for 1 woman at follow up
visit. Among women in the control arm, Gram stain results of baseline visit were not
available for 3 women and Gram stain result were not available for 4 women at follow up due
to loss of slides during transportation.
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B. Descriptive analysis
Table 6.1. Distribution of sociodemographic and reproductive characteristics of women
enrolled in Case and Control arm at baseline Visit

Variables
Age

Marital status
Level of education

Religion

Occupation
Monthly family
income
Age of Menarche
Age of Marriage
Parity

Menopause

Total
N=508(%)
169(33.3)
339(66.7)
484(95.3)
24(4.7)

Case Arm
N=254 (%)
84(33.1)
170(66.9)
37 (9)
241(94.9)
13(5.1)

Control Arm
N =254(%)
85(33.5)
169(66.5)
38 (8)
243(95.7)
11(4.3)

56(11.0)
204(40.2)

32(12.6)
102(40.2)

24(9.4)
102(40.2)

248(48.8)

120(47.2)

128(50.4)

Hindu
Muslim

471(92.7)
25(4.9)

239(94.1)
11(4.3)

232(91.35)
14(5.5)

Christian/Sikh
House wife

12(2.4)

4(1.6)

8(3.1)

Working women

326(64.2)
182(35.8)

170(66.9)
84(33.1)

156(61.4)
98(38.6)

Rs 25000 or below
Rs 25001 and above
Income not known
Median (IQR)
Median (IQR)
P0-P1

255(51)
225(44.3)
28(5.5)
168(33.1)

119(46.9)
119(46.9)
16(6.3)
13(1)
22 (6)
86 (33.9)

136(53.3)
106(41.7)
12(4.7)
13(1)
23(6)
82 (32.3)

P2-P3
P4+
Yes

311(61.2)
29 (5.7)
6(1.2)

150 (59.1)
18 (7.1)
3(1.2)

161(63.4)
11(4.3)
3 (1.2)

No

502 (98.8)

251(98.8%)

251(98.8)

Category
41-50 years
30 to 40 years
Median (IQR)*
Married
Single/separated/
Widow**
Illiterate/primary
Secondary
(upto12th)
College/university

*Interquartile range, **Sexually active
Table 6.1 demonstrates the socioeconomic and reproductive characteristics of women enrolled in
the study. Most of the women (66.7%) in the study were in the reproductive age group of 30-40
years. The median age of the women enrolled in case arm was 37 years and 38 years in the control
arm. 95.2 % women were married and 4.7% were either ‘single’ or ‘separated’ or ‘widowed’, but
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were sexually active for past 3 months. Majority of women in the study were literate (89% class-5
and above) and belonged to Hindu caste (92.7%). 64% of women in the study population were
house wives. Women were categorized into high and low income by using median income of
Rs25000 as a cut off. There was no difference of income between the study arms. The age of
menarche in the study population was 13 years in both the groups. The median age of marriage
among women in the case arm was 22 years and 23 years in the control arm. Most of the women
(61.2%) had 2-3 live births and were in premenopausal/perimenopausal age group (98.8%). There
were no differences in socioeconomic and reproductive determinants for RTI among women in
case/control arm except clinical cervicitis among women in the case arm.
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Table 6.2. Distribution of contraception use, risk and health seeking behavior for
Reproductive tract infection among women enrolled in Case and Control arm at baseline
Visit

Variables
Contraceptive
use reported

Number of
sexual partners

Tobacco use
reported

Total
N=508(%)

Case Arm
N=254 (%)

Control
Arm
N =254(%)

60(11.8)

28(11)

32 (12.6)

172 (33.9)

93(36.6)

79 (31.1)

276 (54.3)

133(52.4)

143(56.3)

481(94.7)

234(92.1)

247(97.2)

Multiple

27(5.3)

20(7.9)

7(2.8)

Non user

476(93.7)

238(93.7)

238(93.7)

User

32(6.3)

16(6.3)

16(6.3)

330(65)

129(50.8)

201(79.1)

Category
Regular barrier
user
Other
contraceptive
user*
No contraceptive
users
Single

Previous history
No previous
of RTI**
history
treatment
received within
Previous history
1 year
Partner
notification
reported among
women with
previous history
of RTIs
Health seeking
behavior for
RTI treatment

Yes

178 (35)

125(49.2)

53(20.9)

28(5.5)

19 (7.5)

9 (3.5)

150 (29.5)

106 (41.7)

44 (17.3)

N/A***

330 (65)

129(50.8)

201(79.1)

Government
hospital

53(10.4)

36(14.2)

17(7%)

Private hospital

125(24.6)

89(35)

36(14.2)

N/A***

330(65)

129 (50.8)

201(79.1)

No

P value
OR(CI)

0.413
0.014
3.0
(1.3-7.3)
1.000

0.001
3.6
(2.5-5.4)

0.765

0.662

*Tubectomy/Oral contraceptive pills/Intrauterine contraceptive device/Vasectomy.
**Reproductive tract infection. *** Not applicable
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As seen in Table 6.2, among the study population 11.8% of women reported regular use of
barrier contraception and 33.9% reported the use of other contraceptive methods. Majority of
women (54.3%) in the study population reported no use of any contraception. There was no
difference in the patterns of contraceptive use between women in the case or control arm. A
total of 94.7% women in the study population reported single sexual partner while 5.3% women
reported having multiple sexual partners. The history of multiple sexual partner was reported
3 times higher among women in case arm than in the control arm. Tobacco use was reported
in 6.3% women in the study population with no difference between case and control arms.
Among the study population, 35% of women reported a past history of RTI treatment. The past
history of RTI treatment reported was 3.6 times higher in women in the case arm than the
control arm. Among the women who reported treatment received for RTIs in the past, majority
of women 84.7% (n=150/178) reported, no partner notification. No partner notification was
reported higher in women among the case arm (41.7%) than the control arm (17.3%), though
the difference was not statistically significant. The study demonstrated, majority of women
70.2% (n=125/178) sought treatment for RTIs from private practitioner versus government
hospital. There was no differences between the case and control arm in reporting health seeking
behavior for RTIs.

RTIs and HPV

126

RESULT – DESCRIPTIVE….

CHAPTER 6

Fig 6.2. Common presenting complaints of Reproductive tract infections among
symptomatic women enrolled in case arm at baseline visit

250
200

198

150
86

100

78
54

50

30

23

Dyspareunia

Post coital
bleeding

0
White
Discharge

Lower
Pruritis vulvae Urinary
abdominal
symptoms
pain

Table 6.3. Common presenting complaints of Reproductive tract infections among
symptomatic women in case arm (N=204)
White
discharge
P/V

Lower
abdominal
Pain

Pruritis
vulvae

Urinary
symptoms

Dyspareunia

Post coital
bleeding

198(97%)

86 (42.2%)

78 (38.2%)

54 (26.5%)

30 (14.7%)

23(11.3%)

* Data shows women with atleast one symptom of reproductive tract infection.

Fig 6.2 and Table 6.3 demonstrates, among 204 symptomatic women in the case arm at baseline
visit, the most common symptom was white discharge (97%) followed by lower abdominal
pain (42.2%) and pruritis vulvae (38.2%). 26.5% women complained of burning in micturition,
14.7% reported history of dyspareunia and 11.3% had post coital bleeding.
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Table 6.4. Clinical sign and symptoms of Reproductive tract infection among women
enrolled in case arm at baseline visit
Clinical signs and symptoms
Symptoms pertaining to RTIs

N=254 (%)
Symptomatic

204 (80.3)

Asymptomatic

50 (19.7)

Clinical findings on speculum

Cervicitis

80(31.4)

examination

Cervicovaginitis

174(68.5)

Among the women enrolled in case arm with clinically evident cervicitis on per speculum,
80.3% women were symptomatic at baseline visit, while 19.7% were asymptomatic. On per
speculum examination 31.4% had cervicitis and 68.5% women had cervico-vaginitis (Table6.4).
Table 6.5. Burden of Reproductive tract infection reported on Gram stain among
women at baseline visit
Category of screen positive criteria
for RTIs on Gram stain

Category of women enrolled in study
Case Arm*
Control Arm*
Total
N=254(100%)
N=251(100%) N= 505*(100%)
239 (94)
10 (4)
249 (49.3)
Overall positivity rates of RTIs**
Distribution of organism reported on Gram stain among positive women for RTIs
(criteria for screen positive for RTI infection)
Bacterial vaginosis
(Nugent score> 7)
95 (37.4)
10 (100)
105 (20.8)
Candidiasis
(Presence of pseudohypae on the Gram
15 (5.9)
0
15 (3)
stain in presence of clinical cervicitis)
Bacterial vaginosis with Candidiasis
(Nugent score> 7 and presence of
17 (6.6)
0
17 (3.4)
pseudohypae on the Gram stain in
presence of clinical cervicitis)
Non Gonococcal Infection
(Clinical cervicitis and Gram stain
112 (44.1)
0
112 (22.2)
showing > 10 pus cells/HPF and no
other pathogen reported)
*The above table includes women with Gram stain results available at baseline visits.
**Reproductive tract infection
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The overall positivity rate of RTIs in the study population was 49.3%. The positivity rates for
at least one RTI was 94% among women enrolled in the case arm versus 4% in the control arm
at baseline visit. Among women in the case arm, 37.4% had BV reported on Gram stain, 5.9%
had Candidiasis, 6.6% had multiple infections of BV with Candidiasis and 44.1% women
reported to have NGI on Gram stain smear. Among the 10 women diagnosed with RTI in the
control arm, all had BV reported on the Gram stain smear. No Gonorrhoea was reported on
Gram stain smears among the women in the study population (Table-6.5).
Table 6.6. Pap cytology results of women enrolled in case and control arm at baseline
visit (as a part of OPD protocol)
Category of Pap smear by Bethesda classification

Case Arm

Control Arm

N=254(%)

N=254(%)

1

Inadequate for evaluation

5 (2)

5(2)

2

Normal/Inflammatory smear with no infection

89 (35)

148(58.3)

3

Total BV Positive smear reported

138 (54.3)

91(35.8)

4

Total Epithelial cell abnormalities reported

46 (18.1)

12(4.7)

ASCUSŦ

13 (5.1)

4(1.5)

LSILŦŦ

26 (10.2)

8 (3.1)

HSILŦŦŦ

7 (2.8)

0

5

Epithelial cell abnormalities with BV (ASCUS, LSIL, HSIL) Ŧ

31 (12.2)

8(3.1)

6

Total Candida /Trichomoniasis reported

7 (2.8)

6(2.4)

Atypical squamous cells of undetermined significance, ŦŦ Low grade squamous intraepithelial
lesion, ŦŦŦ High grade intraepithelial lesion.
Ŧ

Table 6.6 shows the distribution of RTIs and epithelial cell abnormalities on Pap cytology
among women enrolled in the study. All the women enrolled in present study received Pap
cytology as a part of departmental protocol.
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Among 254 women in case arm, 2% women had Pap cytology reported inadequate for
evaluation. 89 (35%) women had normal/inflammatory smears reported without pathogen. Pap
cytology reported BV infection in 54.3% and epithelial cell abnormalities in 18.1% women in
case arm. Overall in case arm (254),12.2% women had epithelial cell abnormalities with BV
infection reported on Pap smear. Candida or Trichomoniasis infection were reported in 2.8%
women.
Among 254 women in the control arm in absence of clinical infection, 2% had Pap cytology
reported inadequate for evaluation. Majority of women (58.3%) had normal/inflammatory
smears reported without pathogen. Pap cytology reported BV in 35.8% and epithelial cell
abnormalities in 4.7% women. Overall in the control arm (254), 3.1% women had epithelial
cell abnormalities with BV and 2.8% had Candida. There was significant difference in
epithelial cell abnormalities reported on Pap cytology among women in case arm versus control
arms (p=0.001).

Table 6.7. Prevalence of HPV among women at baseline visit
HPV by HC2
Day-1

Case Arm
N= 254(%)

Control Arm
N=254(%)

Total women.
N=508(%)

HPV negative

218(85.8)

241(94.9)

459(90.4)

HPV positive

36 (14.2)

13 (5.1)

49 (9.6)

As seen in Table 6.7, the overall HPV prevalence in the study population was 9.6% at the
baseline visit. The prevalence rates of HPV infection among women in the case arm was 14.2%
as compared to 5.1% women in the control arm.
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Table 6.8. Distribution of histopathology reports among women with acetowhite lesion on
colposcopy (as a part of OPD protocol)
Case Arm*

Control Arm*

Total

N= 56 (100%)

N= 26 (100%)

N=82(100%)

Squamous Metaplasia

26 (46.4)

22 (84.6)

48 (58.5)

Cervicitis

21(37.5)

3 (11.5)

24 (29.2)

1(1.8)

1(3.8)

2 (2.4)

8 (14.3)

0

8 (9.7)

Benign lesions

Precancerous lesions
CIN-1
CIN-2& CIN-3

* Data includes women who underwent colposcopy directed biopsy for acetowhite lesion (part
of OPD protocol).

All the women underwent colposcopy examination as a part of OPD protocol. Among biopsy
taken for 56 women in the case arm 46.4% had squamous metaplasia & 37.5% had cervicitis.
1.8% and 14.3% women had CIN-1 and CIN-2&3 lesions on histopathology respectively.
Among the biopsy taken for 26 women in the control arm 84.6% reported squamous
metaplasia, 11.5 % reported cervicitis in the absence of signs of cervicitis and 3.8% reported
CIN-1 lesion reported on histopathology. There were no women detected with invasive cervical
cancer lesion (Table 6.8).
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Table 6.9. Compliance to syndromic treatment, partner treatment and use of barrier
contraception reported among women on follow up visit
Category

Case Arm*

Control Arm*

N=244(%)

N= 246(%)

Compliance to self-treatment

236 (96.7)

N/A**

Compliance to partner treatment

231(94.7)

N/A**

Compliance to barrier contraception/sexual abstinence

231 (94.7)

199 (80.9)

*Table includes the data of women who followed up.
** Not applicable as the control arm received was no treatment.

Women in the case arm were given treatment for RTIs and partner treatment was advised at
baseline visit. Good compliance to advised treatment (96.7%) and partner treatment (94.7%)
was demonstrated in case arm on follow up visit. All women enrolled in the study were advised
use of barrier contraception/sexual abstinence irrespective to the arm enrolled. Compliance to
sexual abstinence/ barrier contraception was reported by 94.7% and 80.9% women in case and
control arms respectively on follow up visit (Table 6.9).
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Table 6.10. Therapeutic response to lab diagnosed Reproductive tract infection among
women enrolled in the study

Category

Case Arm
(Intervention given) *
N= 244 (100%)
Baseline Visit Follow up visit

Control Arm
(No Intervention given) *
N=242(100%)
Baseline Visit Follow up visit

Prevalence of
Lab diagnosed
230 (94.3)
21 (8.6)
9 (3.7)
16 (6.6)
RTIs
Distribution of organism reported on Gram stain among positive women for RTIs
(criteria for screen positive for RTI infection)
Bacterial
vaginosis
107 (43.8)
9 (3.7)
9(3.7)
16 (6.6)
NonGonococcal
110 (45)
10 (4.1)
0
0
infection
Candidiasis
30 (12.3)
2 (0.8)
0
0
*The above data includes women who followed up and had gram stains results available for
baseline and follow visits to assess the therapeutic effect of syndromic treatment for individual
pathological agent.
Table 6.10, demonstrates the therapeutic effect of syndromic treatment on Lab diagnosed RTIs.
Among women who followed up, Gram stain results of baseline and follow up visit were
available for 244 women in case arm and 242 women in the control arm. Among 244 women
in case arm who received treatment for RTIs, the burden of RTIs were significantly reduced
from 94.3% to 8.6% on follow up visit. The prevalence of BV was reduced from 43.8% to
3.7%, NGI reduced from 45% to 4.1% and Candidiasis reduced from 12.3% to 0.8%. Among
242 women in control arm who received no treatment for RTIs, the prevalence of asymptomatic
BV increased from 3.7% to 6.6% at follow up visit in the absence of clinically evident genital
infection. Women in the control arm diagnosed with BV received treatment on follow up visit.
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Table 6.11. Distribution of HPVDNA test results at baseline and follow up visit.
Case Arm (N=243) *
HPV test
results
Baseline
visit
HPV test
results
Follow
up visit

Positive
N (%)
35(14.4)

Negative
N (%)
208(85.6)

Positive Negative Positive

26
(74.3)

9
(25.7)

11
(5.3)

Control Arm (N=245) *
Positive
N (%)
13 (5.3)

Negative
N (%)
232 (94.7)

Negative

Positive

Negative

Positive

Negative

197
(94.7)

7
(53.8)

6
(46.2)

4
(1.7)

228
(98.3)

*The above data includes women who had HC2 results available for baseline and follow visits
(Median follow up for Case arm was 13 days and for Control arm was 11 days)

As shown in Table 6.11 and Fig 6.3, HPV test results of baseline and follow up visits were
available for 243 in the case arm and 245 in the control arm at follow up visit.
Among 243 women in the case arm, 14.4% (n=35) were detected HPV positive and in 85.6 %
(n=208), HPV was not detected at baseline visit. Among 35 women with HPV positive at
baseline visit, 74.3% (n=26) remained HPV positive and in 25.7% (n=9) HPV was not detected
at follow up visit. Among 208 HPV negative women at baseline visit, in 5.3% (n=11) HPV
was detected at follow up visit after treating cervicitis while 94.7% (n= 197) remained HPV
negative.
Among the 245 women in the control arm, 5.3% (n=13) women were detected HPV positive
and in 94.7% (n=232) HPV was not detected at baseline visit. Among the 13 women with
HPV positive at baseline visit, 53.8% (n=7) remained HPV positive and 46.1% (n=6) HPV
was not detected on follow up visit. Among 232 HPV negative women at baseline visit, in
1.7% (n=4) HPV was detected at follow up visit, while 98.3% (n=228) remained HPV
negative at follow up visit.
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Fig 6.3. HPVDNA test results among women at baseline and follow up visit.

*The above Fig includes women who followed up and had HC2 results available for baseline and follow visit
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Table 6.12. HPVDNA status at follow up visit assessed by RLU titers at baseline visit
HPVDNA status among women at follow up visit
RLU titers of
HPV positive test
results

1-10 RLU/CO
11-100 RLU/CO
Above 101
RLU/CO

Case Arm
N= 46

Control Arm
N= 17

BL (+) FU (+)
N= 26
(100%)

BL (+) FU (-)
N= 9
(100%)

BL (-) FU (+)
N=11
(100%)

BL (+) FU (+)
N= 7
(100%)

BL (+) FU (-)
N= 6
(100%)

6
(23%)
14
(53.8%)

2
(22.2%)
-

1
(9.09%)
3
(27.3%)

4
(57.1%)
2
(28.6%)

1 (16.7%)

6
(23%)

7
(77.8%)

7
(63.6%)

1
(14.3%)

5 (83.3%)

-

Total
N=63
BL (-) FU (+)
N= 4
(100%)

2
(50%)

28
(44.4%)

1
(25%)
1
(25%)

15
(23.8
20
(31.7%)

BL (+) FU (+) - HPV positive at baseline and follow up visit. (repeat test positive)
BL (+) FU (-) - HPV positive at baseline and not detected on follow up visit (repeat test negative)
BL (-) FU (+) - HPV negative at baseline and positive on follow up visit. (Assumed false negative test results at baseline)
RLU/CO - Relative Light Unit/ Cut off ratio (RLU titers)
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Table 6.12 demonstrates, among women who followed up, 46 in case arm and 17 in control
arm (63) suffered at least one episode of oncogenic HPV infection during the study period.
Among the 46 women in case arm, 26 of them had repeat test positive for HPV infection.
Among these 26 women (6/26) 23% had RLU titers between 1-10, (6/26) 23% had RLU
titers between 11-100 and (14/26) 53.8% women had RLU titers above 100 at baseline visit.
Among the 46 women 9 were negative for HPV infection at follow up visit. Among these 9
women (7/9) 77.8% and (2/9) 22.2% had RLU titers in range of 1-10 and 11-100
respectively. It was observed that none of the women demonstrating repeat test negative for
infection on follow up visit had RLU titers above 100 at baseline visit. Among the 11 of
46 women in case arm who were initially HPV negative at baseline visit and were
detected HPV positive after treatment of cervicitis, majority (7/11) 63.6% of women
demonstrated RLU titers between 1-10, while (1/11) 9% were of RLU titers between 11-100
and (3/11) 27.3% had RLU titers above 100 on follow up visit.
Among the women in control arm, 17 women suffered at least one episode of HPV infection
during the study period. Among these 17 women, 7 were positive for HPV infection at
follow up visit. Among these 7 women, (1/7) 14.3%, (4/7) 57.1% and (2/7) 28.6% had
RLU titers between 1-10, 11-100 and titers above 100 respectively at baseline visit.
Among the 6 women, who were with negative test results at follow up visit (5/6) 83.3%
and (1/6) 16.7% had RLU titers in range of 1-10 and 11-100 respectively. It was also
observed that none of the women demonstrating clearance of infection on follow up visit
had RLU titers above 100 at baseline visit. Among the women (n=4/17) who were
initially HPV negative at baseline visit and were detected HPV positive in control
arm, (2/4) 50% demonstrated RLU titers between 1-10, (1/4) 25% were detected with
RLU titers between 11-100 and (1/4) 25% had RLU titers above 100 on follow up visit.
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C. Primary Analysis
1.To study whether the presence of clinical cervicitis or co-infections with Lab diagnosed RTIs
interfere with the result of HPV DNA testing by Hybrid Capture 2 method.

Table 6.13. Distribution of women according to HPV DNA test results at baseline and
follow up visit
HPVDNA Conversions

Case Arm
N=243(%)*

Control Arm
N=245(%)*

26(10.7)

7(2.9)

BL (+), FU (-) (Repeat test negative)

9(3.7)

6(2.4)

BL (-), FU (+) (Assumed false negative)

11(4.5)

4(1.6)

197(81.1)

228(93.1)

BL (+), FU (+) (Repeat test positive)

BL (-), FU (-) (No conversions)

*The above Fig includes women who followed up and had HC2 results available for baseline
and follow visits
BL (+), FU (+) = HPV detected at baseline and follow up visit. (Repeat test positive)
BL (+), FU (-) = HPV detected at baseline visit and not detected at follow up visit.
(Repeat test negative)
BL (-), FU (+) = HPV not detected at baseline visit and detected at follow up visit.
(Assumed false negative at baseline)
BL (-), FU (-) = HPV not detected at baseline and follow up visit. (No conversions)

Table 6.13 shows the overall distribution of women with HPV test results at baseline and
follow up visit at median interval of 2 weeks. The overall repeat test positive result for HPV
in the study population was 10.7% in case arm versus 2.9% in the control arm. The overall
women with repeat test negative result were 3.7% in case arm and 2.4% in the control arm.
The conversion of HPV test results from HPV not detected at baseline visit and detected at
follow up visit was 4.5% after treatment of cervicitis in case arm, whereas 1.6% were
detected positive among women without cervicitis. 81.1% women in case arm and 93.1%
women in control arm remained negative at baseline and follow up visit.
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Table 6.14: Estimates obtained through Linear Mix Effect model for primary objective
Sr.no

Parameters

1.
2.

Regression
Estimates

Standard
error

P value

Regression Estimates
(Confidence interval)

0.04

0.02

0.040

0.00-0.09

0.09

0.02

0.001

0.05-0.14

0.00

0.01

1.000

-0.02- 0.02

Intercept

Intervention
(case/control)
3.
Visit
(BL/FU)*
* Baseline visit / Follow up

There were conversions of HPV outcome status demonstrated in case and control arm as
demonstrated in Table 6.13. Since the conversions were not expected in the control arm, we
needed to account for the uncontrolled host factors (innate immunity, RLU titers of the HC2
test assay) and random events (related to sexual history reported by women) that would have
caused the HPV conversions in both arms. To know the true effect of our intervention on the
outcome status of HPV captured by HC2 test, the subjective variability at individual level along
with fix variable (clinical cervicitis in the present study) were taken into account by applying
Linear Mix Effect model. The model as shown in Table 6.14 estimated the effect of clinical
cervicitis on test results of HC2 at follow up visit. The p value observed was statistically
significant (p=0.001). The model demonstrated that intervention given for clinical cervicitis
played an influencing role on modifying (increasing) the detection rates of HPV by HC2 test.
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D. Secondary analysis
1.To determine the prevalence of HPV infection in women with and without clinically
diagnosed cervicitis.
2.To determine the prevalence of HPV infection in women with lab diagnosed RTIs at
baseline visit.

Table 6.15. Prevalence of the HPV infection among women enrolled in case and control
arms at baseline visit

HPV
by
HC2
Day-1

HPV negative
HPV positive

Case Arm
N=254(%)

Control Arm
N=254(%)

Total
OR
N=508(%) (95% CI)

218(85.8)

241(94.9)

459(90.4)

36(14.2)

13 (5.1)

49 (9.6)

3
(1.5%-5.9%)

p value
0.001

The overall prevalence of HPV in the present study was 9.6% at baseline visit as seen in Table
6.15. The prevalence of HPV infection among women in case arm was 14.2% as compared to
5.1% among women in the control arm. The risk for HPV infection was observed 3 times higher
in women in the case arm as compared to women in control arm (OR=3, CI-1.5%-5.9%).
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Table 6.16. Prevalence of HPV infection in women with lab diagnosed RTIs at baseline
visit
Organism reported

HPV positive
N = 31

HPV negative
N= 218

14 (13.3)

91 (86.7)

0

15 (100)

BV with Candidiasis

2 (11.8)

15 (88.2)

17(100%)

NGI***

15(13.4)

97 (86.6)

112(100%)

BV**
Candidiasis

Total*
N= 249
105(100%)
15(100%)

*The above table includes women with Gram stain results available at baseline visit enrolled
in Case and Control arm
** Bacterial Vaginosis, ***Non-Gonococcal infections.

Among the total 105 BV reported at baseline visit, the prevalence of HPV infection reported
was 13.3% (n=14). There were no HPV reported among women diagnosed with Candidiasis.
Among multiple infections on Gram stain with BV & Candidiasis, the prevalence of HPV was
11.8% (n=2) and prevalence of 13.4% (n=15) were reported among women diagnosed with
NGI (Table- 6.16). The overall prevalence of HPV among women diagnosed with RTIs was
12.4%.
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The molecular HC2 test is a FDA approved test extensively validated in various cross-sectional
studies worldwide.143,144 The test identifies women who may be at risk of developing cervical
cancer due to the presence of oncogenic HPV. The Multicentric cross-sectional study from
India demonstrates the potential of HC2 test to be accepted as a primary screening test in the
near future.31 The advantages of the HPV molecular test-based screening apart from high
sensitivity and needing less screening rounds are – a) Minimal resources and manpower
needed for performing the test. b) Potential of the samples being self-collected. c) The
reproducibility and standardization of the test. While the developed countries are adopting
HC2 test as a primary screening test in their national screening programs as per the
recommendation,36,37,38,148 there are still concerns on low sensitivity of the HC2 test reported
from the developing countries including India.149
The present study was powered to evaluated the probable role of RTIs resulting in false
negative HC2 test results, in an attempt to explore low sensitivity of the test reported from
Indian context.
1- The socioeconomic and reproductive characteristics of the women enrolled in the
study.
The present study targeted women in the age group between 30-50 years, as women in this age
group are expected to be sexually active, making them prone for RTIs. Majority of women in
the study were in age group of 30-40 years, the median age being 37 and 38 years in case and
control arm respectively. This age contributes to the highest burden of RTIs among women
globally.57 As per the natural history of HPV, the women in the age group of 30-50 years have
more chances of being diagnosed with cervical precancerous and cancerous lesion due to
RTIs and HPV
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persistence of oncogenic HPV.12,85,87 Screening for cervical cancer with HPVDNA molecular
test in the age group of 30 and above is expected to demonstrate maximum gains in terms of
reducing cervical cancer mortality.148 The risk factors for RTIs including HPV infections
among women reported are, sexually active women, lack of education and low socioeconomic
status. Early age of menarche and marriage, limited or no contraceptive knowledge makes
women vulnerable to repeated pregnancies and recurrent RTI infections which are the
recognized cofactors for persistent HPV infections.57,59,63,123,127,128,159 There is evidence for
increase parity to modulate the progression of HPV infection to cervical cancer.15,16 The
pregnancy related hormones cause cervical ectropion leading to the large transformation zone,
being exposed on ectocervix where the cells are actively dividing. The actively dividing cells
at the transformation zone makes women prone for acquisition of HPV infections. Repeated
pregnancy causing wear and tear of cervical tissue and poor genital hygiene makes women
venerable to RTIs. The RTIs causing cervicitis (cervical inflammation) play a major role in
persistence and progression of HPV infection to precancerous and cancerous lesion of
cervix.13,14,118,119
In the current case-control study, there was no difference in the distribution of determinants of
STI/RTIs among women enrolled in both study arms except clinical cervicitis in the case arm
(Table 6.1).
2- Determinants of RTIs reported in the study
In the current study (Table 6.2) it was observed that only 11.8% women reported regular use
of barrier contraception (Condoms) and 54.3% reported no use of any contraception methods.
The history of multiple sexual partners was reported significantly higher among women in the
case arm than in the control arm. These findings are known risk factors for RTIs and HPV
infection.57,128 Tobacco is an independent predictor for cervical carcinogenesis due to its ability
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to cause mutations in DNA of cervical cells basically due to the nicotine content. It is also a
recognized cofactor for persistent HPV infection among women.15,115 In the present study 6.3%
women reported use of tobacco (mainly masheri) with no difference in usage demonstrated
among the study arms.
The previous history of RTIs was reported among 35% (n=178/508) women in the study and
was observed to be significantly higher among women in the case arm. In current study, we
could elicit the history of partner’s treatment among the 178 women who reported previous
history of RTI treatment. 84.3% (n=150/178) of the women who suffered previous episode(s)
of RTI reported no partner treatment. The lack of concurrent treatment of the partner’s either
due to gap in knowledge of the service providers or lack of cooperation from partners in Indian
communities are reported to be the contributing factors for the above findings in the existing
STI programs run by the government.59,128 This findings also demonstrates that the male
partners forms the neglected population for STI screening & treatment in the developing
countries like India.
In the present study it was observed that 178 women reporting previous history of RTI
treatment, 70.2% (n=125/178) sought treatment from private practitioners. The similar trends
of women preferring treatment for RTIs from private practitioners are reported across
nations.57,123,160 Indian women are also reported to seek treatment for RTIs from unqualified
professionals viz pharmacist, primary health workers, traditional healers etc.161 The reasons
attributed for seeking treatment from alternative medicine practitioners are primarily lack of
access to health care center especially in rural areas of India, the comfort levels of
communication with the lady doctor who may not be available in the STI clinics run by the
government and the stigma associated with these STI clinics.162 The involvement of the abovementioned health care providers in the STI/RTIs screening and treatment has its own benefits
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and challenges reported. The wider access and confidential services provided are the major
advantages reported, while improper training to diagnose and treat RTIs, ineffective partner
notification due to inadequate time spend in counselling, unnecessary diagnostic test conducted
leading to increase cost factor for the treatment are the major limitation.57
The present study demonstrated poor usage of barrier contraception among Indian women with
poor partner notification system. This can contribute to re-infections of RTIs among women
over a period of time.
3. Distribution of RTIs reported in the study
The two common symptoms pertaining to RTIs reported in the current study was white
discharge followed by lower abdominal pain (Table 6.3) which is consistent with other
studies.72,127,128,159,163,164 The burden of RTIs is expected to be high among the middle- and lowincome countries.58 Due to ignorance, the woman is unaware of signs and symptoms and the
screening facilities for RTIs present in her geographical area. The studies that were conducted
to assess the awareness of RTI among Indian women, the author reported that the majority of
women failed to distinguish between the physiological and pathological white discharge160 and
to understand the severity of RTI related complaint.165 In the present study 19.7% of women
in the case arm were asymptomatic at enrollment (Table- 6.4).
Among the women with clinical cervicitis (case arm) the prevalence of atleast one RTI was
94%, BV and Candida were reported in 37.4% and 5.9% women respectively (Table 6.5). The
positivity rate of laboratory diagnosed RTIs in the present study was higher than that reported
by Chauhan et al in their study. The author reported the positivity rates of laboratory diagnosis
RTIs to be 12% and BV to be 18% among women with clinical cervicitis.130 The prevalence of
laboratory diagnosed RTIs and BV in the current study was higher due to the study design.
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The most common multiple infections in the current study was BV with Candidiasis which is
similar to the findings observed by Ray et al.59 BV is the most common RTI reported in various
health care settings across India.166 This infection needs to be addressed as it has the potential
to cause maternal morbidity due to its association with common conditions like PID,
Chorioamniotis and Preterm labour in women.166,167

In the present study the prevalence of

BV was in par with the prevalence rates reported among other Indian studies.59,72,125-133
Chlamydial infection is one of the main causes for cervicitis among women globally.56,57 It is
difficult to estimate the prevalence of chlamydial infections among the general population
using gold standard test (PCR/NAATS) in developing countries including India due to cost
constraints.153 In the absence of availability of affordable gold standard tests in resource
constrained countries and the prompt treatment needed for this infection to prevent
complications like PID and its increased morbidity, CDC recommends NGI as a surrogate
marker for Chlamydial infections among women.154 The present study demonstrates 44.1%
prevalence rate of NGI among women with clinically evident infection. A community study
conducted by Bote et al in urban slums of Mumbai to estimate the prevalence of lab diagnosed
RTIs, the author reported 36.3% prevalence of NGI using a criteria of >30 PMNs/HPF on Gram
stain smears.125 The limitation of the study was, the author had not commented on clinical
findings of the women as there can be commensal leukocytes present in vaginal flora and in
the absence of clinically evident infection, there is no significance in reporting leucocytes.150,168
The high leucocytes may also be due to recent deposition of sperms. The present study used
clinical and Gram stain criteria to report NGI which is as per the recommended CDC
guidelines.154,156
There is a huge burden of asymptomatic BV reported worldwide.166 The prevalence of
asymptomatic BV reported in our study among case arm was 19.7% while the prevalence of
asymptomatic BV was observed low (4%) among women in the control arm. This is due to the
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criteria of women enrolled in the control arm (asymptomatic with no clinical cervicitis) in the
present study. This finding is comparable to the study conducted by Ray et al who reported the
prevalence of asymptomatic BV to be 2.8% among women with no clinical signs of infection.59
The most common RTIs reported in the present study was NGI followed by BV. No
Gonococcal infection was reported among women in the present study. The limitation of the
study was that we could not demonstrate the burden of T. vaginalis infection among women in
case arm due to logistic issues.

4. Prevalence of epithelial cell abnormalities and RTIs reported on Pap cytology.
The Pap cytology primarily is a screening test for cervical cancer however reporting of RTIs
forms a part of evaluation as per the framework provided by Bethesda system for evaluation of
Pap smears. On Pap cytology the causative agents of RTIs viz BV, Candida, T.Vaginalis and
Actinomyces can be determined.169 The Pap cytology in the present study was done as a part
of OPD protocol (Table 6.6). The present study demonstrated the epithelial cell abnormalities
among women in the case arm (18.1%) to be significantly higher than the control arm (4.7%),
demonstrating the need of promptly treating cervicitis, which can serve as a potential co-factor
for persistence of HPV infection leading to precancerous and cancerous lesions of the
cervix.13,14,108 Among the RTIs, the role of Pap smear to diagnose BV has conflicting results
reported from several developed and developing countries.170,171-175 Since BV is caused by
overgrowth of anaerobes which forms a part of normal vaginal flora,150 the recommended gold
standard test to diagnose BV is Nugent score. The Nugent score uses a system of scoring points
allotted to different bacterial morphology, number of different bacteria present in the sample
and number of lactobacilli present in the sample differentiating normal vaginal flora from BV
infection.151,152
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Using Nugent score as gold standard test, the agreement between Pap cytology and Gram stain
to diagnose BV was 81.1% in case arm while the agreement was reported only in 11% of
women in the control arm,(using data of Table 6.5,6.6) demonstrating that Pap cytology can
be an fairly reliable tool for dual screening for BV and epithelial cell abnormalities among
women with genital infections (cervicitis/cervico-vaginits).The reliability of Pap smear in
diagnosing Candidiasis needs further studies, since Candida is a commensal of normal vaginal
flora.150 At present the WHO guidelines recommend the diagnosis of Candidiasis with a
combination of clinical signs and microscopy of Gram stain smears.153

5. The Prevalence of HPV infection and histopathology results at baseline visit.
The prevalence of HPV was reported to be 14.2% in the case arm as compared to 5.1% in the
control arm at baseline visit (Table 6.7). To our knowledge there is limited literature from India
about the prevalence of HPV among cervicitis which is discussed in later section. As a part of
SOP of the department all women enrolled in the study underwent baseline colposcopy. The
VIA positivity rates in case arm was 22% (56/254) and among these women 14.3% (8/56)
already demonstrated high grade precancerous lesions (CIN2 & CIN3) on histopathology
(Table-6.8). The above findings reconfirm the need for screening and treating the RTIs
promptly in an attempt to reduce the burden of cervical cancer.

6. Efficacy of Syndromic treatment reported in the study
Gonorrhoea, Chlamydia, Trichomonas, Bacterial vaginosis and Candidiasis are recognized
causes for cervicitis/cervicovaginitis worldwide. In resource constrained countries it may not
be possible to set up lab facility at every primary health care level and to introduce laboratory
RTIs and HPV
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tests like PCR/cell culture/ direct fluorescence assay (DFA) which need expertise to diagnose
pathological agents associated with the above mentioned cervico-vaginal infections.
The WHO recommends syndromic management for resource constrained countries to
effectively treat the high burden of STI/RTIs. It works on algorithms that recognize the group
of symptoms which are usually caused by common pathogens and treated with an effective and
evaluated drug regimens,176-178 which are pre-packed ready to dispense kits. Most of the
studies179-183 which evaluated the algorithms of utility of syndromic case management in
women are cross-sectional and restricted to demonstrating the etiological prevalence of
STI/RTIs agents which again can vary across the regions and the population screened (high
risk population/population-based studies/hospital-based studies). The sensitivity and
specificities of these syndromic case management algorithms also depends on microbiological
tests used to diagnose the pathological agents.
There are few studies that assessed the therapeutic cure rates of lab diagnosed RTIs of
syndromic treatment at follow up visit from India. The study conducted in India by Parmar et
al reported the overall therapeutic cure rates of lab diagnosed RTIs to reduce from 26% at
baseline to 9.6% at follow up visit at an interval of seven days.72 The other study conducted by
Kore et al,184 to assess the efficacy of one day regime of syndromic treatment among 100
women with symptoms pertaining to lower genital tract infection attending the Gynae OPD,
the author reported the symptomatic cure rates for white discharge to be 88%, urinary
symptoms to be 91% and pruritis to be 62% at a follow up interval of 14 days. The limitation
of this study was no laboratory tests were conducted to avoid subjective biases.
In the present study the syndromic treatment compliance was 96.7% and 94.7% for partner
treatment among women in the case arm at followed up visit. The compliance for use of barrier
contraception/sexual abstinence reported in the case arm was 94.7% and 80.9% in control arm
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at followed up (Table 6.9). We could demonstrate significant microbiological cure rates for
each etiological pathogen for cervicitis/cervicovaginitis among women in the case arm who
received syndromic treatment as per guidelines56,156 at baseline visit. The overall cure rates in
the case arm was 91.4% at a median follow up period of 13 days. The burden of BV in the case
arm was reduced from 43.8% to 3.7%, NGI reduced from 45% to 4.1% and Candidiasis from
12.3% to 0.8%. Among the women in the control arm who received no treatment at baseline
visit, the burden of asymptomatic BV increased from 3.7% to 6.6% at median follow up
interval of 11 days (Table 6.10).
The study supports the syndromic treatment recommended by WHO in resource constrained
country like India, after a per speculum examination, where laboratory diagnosis is not
available. In the present study women in the case arm received syndromic treatment to reduce
the inflammation and mucopurulent discharge associated with cervicitis since the objective of
the study was to determine the effect of mucopurulent cervicitis on HPV detection by HC2 test
before and after treatment of mucopurulent cervicitis.

7. HPVDNA HC2 test results among women at follow up visit
In case arm we expected the detection rates of HPV by HC2 test to improve after treating
mucopurulent cervicitis (caused by RTIs) with antibiotics if these women were harboring HPV
infection at baseline visit that was initially missed by HC2 test. The control arm would reflect
the natural history of HPV and the above-mentioned changes were not expected in control arm.
In the present study there were conversion of HPV test results demonstrated in both the study
arms in terms of repeat test positive/negative and detection of HPV at follow up visit among
initially HPV negative women at a short interval of two weeks (Table 6.11). Below are
the various reasons proposed for these findings.
RTIs and HPV
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7.a. Repeat test positive (Persistence) for HPVDNA on follow up visit- probable causes
The outcome of HPV test on follow up visit (follow up range 7-30 days, median follow up
case arm-13 days, control arm-11 days) with that of baseline results, demonstrates
some key findings of the study with respect to presence of laboratory reported RTI infections
(Fig 6.3). The oncogenic HPV itself is not associated with inflammation of the cervix. It is
assumed that the cervicitis caused by exogenous (Neisseria Gonorrhoea, Chlamydia,
Trichomonas) or endogenous organisms (Bacterial Vaginosis, Candidiasis) results in change
of microbiological flora of vagina leading to decrease local immunity in terms of
decreased lactobacilli count, which in turn favor the acquisition of HPV which is the
main cause of cervical cancer. Inflammation of cervix associated with RTIs causes break
in the cervical epithelium helping the HPV to gain entry into the actively proliferating
basal cells of cervical epithelium.108 Inflammation is also known to cause DNA damage of
the host cell leading to integration of viral DNA, which leads to gradual progression of HPV
infection

to

precancerous

and

cancerous

lesions

of

cervix.13

The persistence of HPV at follow up visit was reported higher among women in the case arm
(74.3%) than in the control arm (53.8%) as seen in fig 6.3, demonstrating that existing
cervicovaginal co infections may interfere with the natural history of HPV infections in
potentiating the infection to be persistent.13,14,118,119
7.b. Repeat test negative (Clearance) for HPV infection on follow up visit – probable
causes
The study demonstrated clearance of HPV (HPV detected at baseline visit and not
detected on follow up visit) within a short median interval of 11 and 13 days in control
and case arm respectively (Fig 6.3). The proposed causes of these changes are –
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7.b.1. Clearance rates depends on screening intervals of HPVDNA test.
The HPV infections are transient and mostly clear within a short period of time without causing
any abnormalities on cervical smear or colposcopy.11,86,185 Different authors reported different
clearance rates at various intervals of time.11,86,185-189 At present there is no consensus on
definition of transient period (clearance) of HPV infection (Annexure 1.Table 3).
A study that looked into clearance of HPV infection at a short interval of 7 days among women
in the age group of 18-35 years, the author reported 33.7% clearance rate of oncogenic HPV
infection.190 The author reported high fluctuation of genital HPV in short interval of time. The
author proposed these fluctuations of genital HPV to host differences (innate immunity), error
in sampling technique, gaps in understanding patterns of HPV multiplication and limitations
of test assay in terms of viral load below the detection threshold of the HC2 test.
Another retrospective study which looked at the clearance rates of HPV at a shorter interval of
3 months in 599 women with oncogenic HPV type enrolled into a population-based cohort
study (Guanacaste, Costa Rica), reported a clearance rate of 34% among women who were in
the age group of 30 and above. The author commented that the clearance of HPV would be
actually faster than we could measure and the clearance estimates are affected by the screening
interval.185
An RCT conducted by Basu et al to evaluate an herbal vaginal cream for clearance of HPV
type 16 and 18 infection among women aged 30-60 years reported a clearance rate of 73.3% at
a median interval of 1 month among women enrolled in the control arm (no treatment given).191
The findings of ALTS trial (fig below) demonstrated average HPV clearance rate of 64% at an
interval of 6 months. Moreover, there was a steep slope of clearance observed up to 6 months.
The study demonstrates around 15% clearance of HPV at 1 month.86 Schiffman et al in their
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review article mentioned the clearance rates of HPV infection to be rapid within the first few
months after infection and decreases over a period of time. The reasons for rapid clearance of
large fraction of HPV infection still remains unknown.11,86

HPV clearance rates reported in ALTS trial (Atypical squamous cells of undetermined
significance/Low grade squamous intraepithelial lesion triage study)

7.b.2. Clearance depends on Innate host immunity
It is known that the lifetime risk of a sexually active women to acquire HPV infection is 8090%, but majority of women clear the infection without being clinically detected. The HPV
infections are transient and do not induce inflammatory reaction and the virus being
intracellular gets shed from epithelial layer of cervical epithelium without being exposed to
lymph nodes where antibodies responses are initiated. This supports innate immunity
(dendritic cells, interferons, cytokines, neutrophils, macrophages) to play a major role as a first
line defense to clear the HPV infection.88,192,193 The failure to mount an effective innate
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immunity or cell mediated immunity to clear or control the infection leads to persistence of
HPV virus increasing the probability of precancerous or cancerous lesions.
7.b.3. Clearance rates are affected by type specific HPV
The population-based cohort of Bogota (Colombia) of 227 women aged 13-85 years (median
age 29) with normal cytology and HPV positive test at baseline were monitored for a mean
follow-up period of 5.3 years for the type specific clearance rates of HPV at 6 months,1 year
and 5-year interval. The author reported overall rapid clearance rates for low risk HPV types
than the oncogenic HPV types. Among the oncogenic HPV types, HPV type 18 had a faster
clearance rate than type 16.188
The Hawaii cohort study186 enrolling 972 sexually active women in the age group of 18-85
years (median age 33 years) were monitored for acquisition, clearance and persistent of
oncogenic and low risk HPV types for a mean duration of 15 months. The author commented
the clearance to be affected by viral type. Types 16, 18 and 33 demonstrated lowest clearance
rates among the oncogenic HPV types.
The findings of the Population-Based Screening Amsterdam (POBASCAM) trial, a
prospective RCT,194 which assessed the clearance rates of 14 oncogenic HPV type among
women with and without abnormal cytology, aged 30- 60 years, demonstrated an overall
decreased clearance for type specific HPVs 16,18,31 and 33 compared to other oncogenic types
at 6 months. The study demonstrated statistically significant decreased clearance rates for HPV
type 16 irrespective of cytological test results.68
In the above-mentioned studies, oncogenic HPV types demonstrated a longer clearance time
than low risk virus. Type 16 was uniformly reported to be a common HPV type with the delayed
clearance rates. The clearance also depends on infection with single/multiple oncogenic types
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and the time interval between the two-tests. Since the present study used HC2, a qualitative
test, the test comments only on being positive or negative for 13 high risk HPV type without
commenting on the HPV genotypes in the cervical sample. In view of the above limitation with
HC2 test, it was difficult to estimate which HPV type was women infected with, at baseline
visit.
7.b.4 -There lies a possibility of HPV infections to be transient due to recent deposition of
semen through sexual contact with an infected partner. These infections are likely to disappear
if the test is repeated within a couple of weeks. In the present study, the history of sexual
activity at baseline visit was not captured.
7.b.5. Role of Viral loads of HPV in clearance
It was observed in the present study that the women who cleared the infection on follow up
visit (a median follow up of 13 days in case arm and 11 days in control arm) majority of them
had RLU titers below 10 at baseline visit (Table 6.12). No women who cleared the infection at
follow up visit demonstrated titers above 100 at baseline visit. These findings demonstrate that,
the RLU titers load of HPV infection may be one of the determinants of HPV clearance
observed in the present study at a short interval of time. At present there is conflicting role of
RLU titers in determining persistence / clearance of HPV infection108,187,188,195 though the
findings of the present study are similar to findings reported by Kim et al.195 Woodman et al108
in their review article mentioned gaps in understanding the relation between viral load, type
specific oncogenic HPV and cervical cancer. The author mentions, association between the
increasing viral load and cervical cancer lesion has been demonstrated for oncogenic type 16
but not for type 18. There also lies a possibility of integration of HPV virus into the host cell
leading to low viral load captured by molecular test in case of cervical cancerous lesion.
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7.b.6. Issue of Cross reactivity of HC2 test probes leading to false positive test results
The HC2 test has a limitation of cross-reactivity of probes reported leading to false positive
test results.92,93,143,196,197 The oncogenic and the low risk HPV types share Alpha clades due to
their similar nucleotide sequence. This forms the basis of cross-reactivity associated with HC2
test. The cross reactivity is defined as the samples tested positive on HC2 test and
demonstrating low risk genotypes on PCR test or a negative PCR test. As per Qiagen HC2
manufacturer, the cross reactivity could be demonstrated for low risk HPV types
6,11,42,53,54,55,56.143 The cross-reactivity of the probes results in weak RLU titers. At present
there is no consensus on specific cut off RLU titer values to address the issue of cross reactivity
of probes. There are no studies to demonstrate if cross reactivity of probes in HC2 test would
occur with bacteria or bacterial plasmids which may be commensal in female anogenital tract
or present during genital infection, though the manufacturer claims no such occurrence.143 In
the present study, women in the case arm who showed clearance of HPV on follow up visit,
55.6% were with weak RLU titers of less than two at baseline. In view of above findings the
possibility of cross reactivity of HC2 test probes leading to low RLU titers associated with
weak signals cannot be entirely ruled out to be the causative factor for false positive test results
at baseline visit.
Majority of the studies conducted to measure clearance / persistence rates of cervical HPV
reported clearance rates at longer intervals of time, mostly at 6 months / 12 months / 18 months
which may not reveal the true dynamic picture of HPV infections within the time period of two
tests. The above-mentioned factors like immunity, screening intervals, and type specific
genotype has the potential to play a key role in the clearance rates of cervical HPV infections.
HPV infections are transient so repeating HPVDNA test at a shorter interval of time has no
added advantage and may not be cost effective for cervical cancer screening. In the present
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study the HC2 test was repeated at a short interval (7-30 days) of time to address the false
negativity issue of the HC2 test due to co-infection with RTIs associated with clinical cervicitis.

7.c. HPV not detected at baseline & detected at follow up visit- probable cause
In the present study 5.3 % women were detected with HPV infection, who were tested negative
at baseline visit in the case arm at median follow up interval of 13 days. These women had
received treatment for mucopurulent cervicitis demonstrating an overall therapeutic cure rate
of 91.4%. This supports the hypothesis of the current study that mucopurulent discharge
associated with RTIs can affect the cellularity for HC2 test. However, the control arm in the
study also demonstrated 1.7 % increase in detection rates of HPV on follow up visit at median
follow up interval of 11 days which was not expected (Fig 6.3). The proposed causes for these
(negative at baseline and positive on follow up) variations are-

7.c.1- Limitation of HC2 assay
Since HC2 test has no inbuilt system to monitor cell adequacy, probably less the cell pick up
leading to less viral copies below a detectable threshold of HC2 test may affect the test results
(false negative), which is our proposed hypothesis.75,190,198 It was also observed that the women
detected with HPV infection at follow up visit who had negative HPV test results at baseline
visit demonstrated low RLU titers between 1-10 at follow up visit (Table 6.12).

7.c.2- Gaps in understanding HPV latency and differentiating new HPV infection.
Majority of cervical HPV infections being transient is mainly cleared due to innate immunity.
HPV gets shed from superficial cervical epithelial layer without initiating cell mediated/
humoral immune responses,193 hence women can be infected again with the same or other HPV
type(s) in future depending on her sexual activities.199 Moreover, among the risk determinants
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of HPV infections the most important determinant, consistently reported in epidemiological
studies is sexual activity.200 At present there is a gap in the literature in differentiating a new
HPV infection with reactivation of latent HPV. The only study powered to understand the
above-mentioned difference was by Trottier et al,201 who monitored a cohort of Brazilian
women, aged 18-65 years for 10 years at an interval of 4-6 months. The author reported that
women can be infected with the same type(s) of HPV or other type(s) of HPV at multiple times
in her lifetime. The author mentions that the second peak of HPV infections demonstrated
during the old age which is proposed to be due to decreased immunity leading to reactivation
of HPV is mainly associated with sexual activity and immunity has no role in reactivation or
the latency period of cervical HPV. The author demonstrated Relative Risk (RR) of 3.7 for
reinfection with the same HPV type(s) and RR of 2.3 for reinfection with different HPV type(s)
among women who reported prior HPV infection(s). The author reported RR of 2.8 for
reinfection among women aged 40-65 years that were clearly reported due to new sexual
partners. The author concluded that infection and reinfection with HPV type(s) are strongly
associated with sexual activity.
7.c.3. Controversial role of barrier contraception (condoms) in preventing HPV infections
At present the role of barrier contraception to completely prevent HPV infections has
conflicting results.202,203 Since HPV can be transmitted through skin to skin contact, apart from
sexually transmitted route, it becomes difficult to assess the role of condoms in complete
prevention of HPV infection. The major issue with cross-sectional studies that evaluated the
role of condoms in preventing HPV infection is the transient nature of HPV infection. Manhart
LE et al,203 reviewed the role of condoms in providing protection against HPV and genital
warts, the author concluded that at present available literature was inconsistent to form any
precise statement on role of condoms to prevent HPV infection. The only prospective
longitudinal study109 undertaken on 82 women in the age group of 18-22 years, which was
RTIs and HPV
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powered to understand the role of condoms in preventing HPV infection, concluded that
women whose male partners used condoms 100% of time had 70% less chances to acquire new
HPV infection than the women whose male partners used condoms. The strength of the study
was, it limited the biases of recording the condom usage history using the web recorder instead
of a face to face interview. The limitation of the study was the unavailability of data on close
skin to skin contact which is a recognized mode of HPV transmission and condom breakage.
The author commented that skin to skin contact of perineum may be responsible for HPV
infections reported among women whose partner regularly used condoms.
At present, even though condoms have shown to protect STIs, there is no adequate scientific
evidence to establish the role of condoms in completely preventing genital HPV infections.204
The limitation of the unavailability of specific data in literature review on close skin to skin
contact which is a recognized mode of HPV transmission and subjective biases in reporting
history of condom breakage gives rise to controversial role of condoms in preventing HPV
infections.
8. The known factors for false negative HC2 test results were controlled in the study
The burden of false negative test errors for HC2 test is estimated to be around 1.1% to 7.5%.205
The common factors known to cause false negative test results of HC2 are vaginal creams and
jelly,143 improper sampling technique that may result in less cell collection,52 temperature
fluctuations during transportation and storage that may cause denaturation of HPV DNA.48 In
the current study, the illustrated factors for false negative test errors were controlled
1. Since there is a possibility of substances like antifungal cream, vaginal pessaries affecting
the cell adequacy,143 women in the case arm who were advised vaginal pessaries as a part of
RTI treatment were advised to stop the use of pessaries at least 3 days prior to second sample
collection.
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2. The sampling technique, transportation and storage of samples were conducted as per the
SOP of Microbiology department, TMH, which is NABL accredited.
3. To prevent new incident HPV infections during study period all women were counselled for
sexual abstinence or use of barrier contraception.
4. In the present study, the follow up visit was planned at interval of two weeks to prevent the
biases of new incident infection among women enrolled in the study. At present there is not
much quality evidence on latency period of cervical HPV. There is a gap in understanding the
time taken by the infected basal / parabasal cervical cells to reach superficial epithelium from
where these cells are exfoliated and can be detectable by HPVDNA tests. The cervical HPV
infection is reported to have a latency period ranging from 2–4 weeks to months or years and
the duration of this phase of latency probably is also related to the load of virus.89,107 The
shortest interval reported by Rachel LW et al between the penetrative sex and incident HPV
detection was 20 days in a prospective study.109 In our study, accounting for the minimal period
of latency of 2 weeks, all the women were advised to follow up within 14 days.
9. The impact of co-infections of RTIs on HPV detection by HC2 test. (Primary objective)
In the present case-control study there was no difference among women enrolled in the case
and the control arms pertaining to sociodemographic and reproductive characteristics (Table
6.1) except for clinical cervicitis in the case arm at baseline visit. The prevalence of lab
diagnosed RTIs and HPV were reported to be 94% (Table 6.5) and 14.2% (Table 6.7)
respectively in the case arm at baseline visit. All women in the case arm received syndromic
treatment at baseline visit.
At follow up visit, the compliance to sexual abstinence/ barrier contraception use was reported
in 94.7% and 80.9% among women in the case and the control arms respectively (Table 6.9).
The burden of RTIs in the case arm demonstrated reduction from 94% at baseline to 8.6% on
follow up visit after syndromic treatment among the women who followed up (Table 6.10). All
RTIs and HPV
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the known factors for false negative test results of HC2 test were controlled in the study as
mentioned earlier.
As shown in Table 6.13 the overall persistence of HPV was 10.7% in the case arm versus 2.9%
in the control arm at follow up visit. The study demonstrated overall 4.5% increase in detection
rates of HPV by HC2 test after treating cervicitis at a median follow up visit of 13 days. This
finding supports our hypothesis that the mucopurulent cervicitis can influence the results of
HC2 test. However, the present study also demonstrated overall 1.6% increase in the positivity
rates of HPV among women in the control arm, which was not expected after controlling factors
for the known false negative test results.
There were conversions of HPV outcome status (HPV detected / HPV not detected)
demonstrated within and between the study arms (case/control) at different time points (Fig
6.3). There were fixed variables like clinical cervicitis (fix variable) which the present study
was powered to study its effect on HPV outcome status (outcome variable) after intervention
at follow up visit (fixed variables). Since the conversion of HPV outcome status were
demonstrated in both the study arms, we assume there would be random factors/events as
mentioned below which may have influenced HPV test results leading to these variations which
needs to be accounted 1.The possibility of women wrongly reporting the history of condom usage.
2.Reporting of sexual activity may be subject to cultural biases especially among Indian
women.
3. Clearance due to low RLU titers.
4. Role of innate host immunity in clearance of cervical HPV.
5. Gaps in understanding HPV latency.
6. Many more unknown factors that may be present due to gaps in literature pertaining to the
natural history of HPV.
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Amidst above variations in HPV outcome status observed in the study which are assumed to
be caused due by uncontrolled factors (reporting of sexual history / condom history by women)
and unassessed biological host factors (Innate immunity, other unknown factors), it becomes
important to know the true effect of our intervention in improving the detection rates of HPV
by HC2 test after treating cervicitis in the case arm (proposed hypothesis of the study). The
generalized Linear Mixed Effect (LME) model was used to analyze primary objective of the
study. The model took into consideration the fixed variables (clinical cervicitis & visits) which
the study was powered for and also the individual level subjective variations caused by the
above-mentioned random factors/events by including individual woman as random variable in
the LME model. The model demonstrated a significant role of clinical cervicitis (mucopurulent
discharge) to influence the detection rates of HPV by HC2 test (Table 6.14).

10. Prevalence of HPV in clinical cervicitis and lab diagnosed RTIs. (secondary objective)
The present study demonstrated, the positivity rate of HPV to be significantly higher in women
with cervicitis (14.2%) versus (5.1%) women without cervicitis. The risk was observed to be
three times higher among women with cervicitis (Table 6.15). The studies conducted in China,
Costa-Rica, Brazil, and Turkey have shown the prevalence of HPV among women with
cervicitis / Mucopurulent cervicitis to be in the range of 5%-58.7%.64-66,135,136 These studies
varied in the study design and the method of diagnosing cervicitis either clinically or on Pap
smear. The clinical cervicitis can have subjective biases, while Pap smear is not a recognized
standard test to diagnose cervicitis. The present study used clinical diagnosis supported by lab
diagnosis (Gram stain) to establish diagnosis of cervicitis. As discussed earlier, cervicitis
caused by exogenous or endogenous organisms result in the acquisition of HPV and helps in
integrating the HPV in host DNA, which can modulate oncogenic HPV infection to
precancerous and cancerous lesion.13,108
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There is a strong emerging evidence for association of BV and Chlamydial infection with
uterine cervical oncogenic HPV infection.67-71,119 The risk of squamous cell carcinoma has
been reported to increase among women with co-infection of HPV and Chlamydia.68 At
present, among the other RTIs, the association of persistent HPV with trichomonas infection
and Candida is controversial and needs further studies.138-140 In the present study, among the
women with lab diagnosed RTIs the prevalence of co-infection of HPV with BV, multiple
infections (BV with Candidiasis) and NGI was 13.3%, 11.8% and 13.4% respectively (Table
6.16). To our knowledge there is limited data of prevalence of co-infection of RTIs with HPV
reported in general population of India. The only study conducted by Basu et al,142 in 45
female sex workers to estimate the burden of co-infection of HPV with STIs, the author
reported a prevalence of 88.6% for candidiasis, 22.9% for Trichomoniasis and 14.3% for
Chlamydial infection among women with HPV infection. The limitation of study was small
sample size and the findings cannot be generalized. The present study demonstrated high
prevalence of HPV among women with cervicitis and high burden of coinfections with RTIs
needing screening of women for HPV and RTIs.
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Limitations of the present study.
1. The possibility of cross reactivity of HC2 test probes with low RLU titers resulting in false
positive HPV results at baseline visit cannot be entirely ruled out. At present there is no
consensus on the cut off ratios for cross-reactivity of HC2 test probes and role of RLU titers in
the persistence or clearance of HPV infections.
2. The results of HC2 test were not validated by PCR test for cell adequacy due to cost
constraints.
3. Due to cost constraints, we could not apply gold standard tests to diagnose gonococcal and
Chlamydial infections, though our study would represent the true scenario where a simple
Gram stain test is not routinely done in every Indian health care setting. PCR and NAATs are
the recommended tests for Gonococcal and Chlamydial infection which cannot be costeffective tools for screening in developing countries. Since these organisms are associated with
high morbidity and mortality among women needing prompt screening and treatment the
present study used the lab diagnostics recommended by CDC.

4. The present is a case-control study, with a good quality. The study forms the first evidence
for potential influence of cervicitis on HC2 test results. A robust analysis was used for the
primary objective of the study.
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SUMMARY AND CONCLUSION

The developed countries are shifting from cytology-based screening to molecular based
screening for cervical cancer, the advantage being, high sensitivity and longer screening
intervals needed due to the high negative predictive value of the molecular test (HC2). There
are several advantages of setting up of HC2 machines in countries; viz. they can run high
volumes of HPVDNA tests at a time, the requirement of skilled laboratory technicians would
reduce and the reporting would be standardized. At present there are concerns regarding low
sensitivity of HC2 test reported from developing countries including India. With the
introduction of care HPV test, that can be conducted at the field site and is supposed to be low
cost, it becomes important to address the issue of low sensitivity of the HC2 test from Indian
perspective. The present study, to our knowledge, is one of the first studies, statistically
powered to evaluate the effect of co-infection with RTIs on the test results of HC2. The study
also demonstrated natural history of HPV among women with and without cervicitis over a
shortest median period of 2 weeks. Below mentioned are some key findings of the study.

Key findings (Conclusions)

1. The point prevalence of STIs/RTIs in India is estimated to be around 30 million. The
burden of HPV co-infections with STI/RTIs is also expected to be high among Indian
women. There is not enough literature available for the above-mentioned burden of
infections from Indian context. In the present study the prevalence of HPV and RTIs
among women with mucopurulent cervicitis (clinical cervicitis) was 14.2% and 94.3%
respectively at baseline visit. The overall burden of HPV co-infection with RTIs
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demonstrated in the present study was 12.5% at baseline. The most common RTIs
reported were NGI and BV.

2. The study demonstrated good efficacy of syndromic management for RTIs in
significantly reducing the burden of laboratory confirmed RTIs. The study findings
support syndromic treatment for RTIs in resource constrained countries after a per
speculum examination. Majority of symptomatic women (70%) seek treatment for RTI
related complaints from private health practitioners in India. The above findings
emphasise the need of sensitizing these health care providers in syndromic management
to assure quality treatment for RTIs. Poor partner notification was reported by women
who had received previous treatment for RTIs in the present study. This can lead to
reinfections and incomplete treatment. Strong partner notification system will ensure
comprehensive treatment for RTIs.
3. The prevalence rates of HPV infection by HC2 test among women with cervicitis was
statistically higher (14.2%) than women in the control arm (5.1%) at baseline. At follow
up visit the persistence rates of HPV among women with cervicitis was higher (10.7%)
than women without cervicitis (2.9%), as demonstrated by repeat HPV test. These
findings illustrate the increased risk of persistence of HPV among women with RTI coinfections. We however do not rule out the possibility of other hitherto unknown
variables, which could be the subject of future investigation.
4. The epithelial cell abnormalities were reported to be significantly higher among women
with cervicitis (18%) as compared to women without cervicitis (4.8%), reinforcing the
role of inflammation and co-infection in modulating the progression of HPV infection
to precancerous/ cancerous lesion of cervix. The above findings demonstrate the
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importance for prompt screening and treatment of RTIs in an attempt to reduce the
cervical cancer.
5. The overall prevalence of BV in case arm was 37.4% and 6.8% with other pathogens.
This infection needs prompt screening and treatment due to increased morbidity
associated with it. Using Nugent score on Gram stain as gold standard test, the
agreement between Pap cytology and Gram stain to diagnose BV was reported to be
81.1% among women with cervicitis. This demonstrates that Pap cytology can be used
in dual screening for BV and cervical cancer which are the common cause of morbidity
and mortality among Indian women. This eliminates the requirement of additional
diagnostic tests like the Gram stain for diagnosing BV, which itself is not routinely
done in Indian health-care settings.

6. The present study demonstrated the overall detection rates of HPV by HC2 test to
improve by 4.5% among women treated for mucopurulent cervicitis. On controlling the
biological and behaviour determinants by modelling, the study demonstrated
influencing role of mucopurulent discharge associated with cervicitis on the test results
of HC2.
The outcome of the present study provides proof of concept that concomitant RTIs
interfere with the accuracy of HPV detection by HC2 method, which was our proposed
hypothesis.
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ANNEXURE 1.

Table 1. Definitions for therapeutic response on per speculum examination.
Category

Clinical findings

Cured

No clinical signs of cervicitis.

Better

Clinically signs of cervicitis decreased as compared to
previous clinically finding by more than 75%.

Failure

Clinically no improvement in signs of cervicitis as
compared to baseline findings.

Adapted and modified. Taylor et al. Prevalence and treatment outcome of cervicitis of
unknown etiology.

Table 2. Working table for grading of pus cells on Gram stain per high power field used
to report Non Gonococcal infection (NGI).
Category

Pus cell on High power field on Gram stain slide*

Grade 1

Less than 10 pus cell/HPF

Grade 2

11-25 pus cell/HPF

Grade 3

26-40 pus cell/HPF

Grade 4

Uncountable pus cells/HPF.

* The above working table was designed for the microbiologist to report the pus cell counts
as they were blinded to clinical findings.

Table 3. Studies reporting fluctuations and clearance of oncogenic HPV at various time interval.
Sr.No.

Author
year

Place
Cohort

Sample
size

Baseline
HR HPV
positive
(HPV
Positive)

Age
Median age
(Range in yrs)

Test used

Clearance
reported

1)

Achim
Schneider
Et al
1992
MAPC
Ham et al
2002

Panel
study
Chicago

21

4

23.6 yrs
(19 - 32 )

PCR type
16 Probe

50% at 5
weeks

Fertility
clinic
Netherland

20

3

33.8 yrs
(22 – 43)

PCR

3)

Moscicke
AB et al
1993

Young
woman
cohort
California

500

17(27)

17.75yrs
(13 – 19)

Viral Pap

4)

Wheeler
CM et al
1996

Mexico

72

18

27 yrs
(18 – 35)

PCR

5)

Anna
Cecilia et
al 2008
Moscicke
AB
1992

Guanacaste
Costa Rica
cohort
Young
woman
cohort
California
South
Brazil
cohort

599

60

30 yrs & above

PCR

500

44 (76)

17.75 yrs
(13-21)

Viral Pap

501

177

43
(SD+ 13)

PCR
(16,18,31)

2)

6)

7)

Maria
Rosa et al.
2008

8)

Marc
Goodman
et al.
2008

Hawai
cohort

972

243

33
(18 – 85)

PCR

9)

Veronique
Dalstein
et al
2003
Present
study

French
cohort

781

257

35. 7 yrs
(16 – 76)

HC2

Mumbai

508

Case14.4%
Control5.3%
(at
baseline)

Case-37 yrs
Control-38 yrs
(30-50 yrs)

HC2

10)

Probable causes
reported by author for
HPV fluctuations &
clearance

Fluctuation
1.Due to hormonal phase
of cycle.
2.Viral load fluctuation.
33.3% at 5 Fluctuation
days
1.Cell adequacy
2.Variation in viral load
3.Harmones effect
82% at 6
Fluctuation
months
1.can occur intermittently
due to immunity control
causing a latent infection.
2.Viral load fluctuations.
33.3% at 7 Fluctuation
days
1.Host difference.
2.Sampling error.
3.Assay detection limits.
4.Level and pattern of
HPV replication.
5.New infection.
33% at 3
1.Clearance rates are
months
affected by screening
intervals.
43.2% at
Clearance
4.6
1.low viral load
months
2.Type specific HPV.
3.Host immunity
80.8% at
Clearance
19 months 1.Treating STIs.
2.Regular screening by
Pap.
55% at 7
Clearance
months
1.No consensus on
clearance definition.
2.Increase clearance with
older age (change
findings) and less than
Para3
50.6% at
Clearance
7.5
1.Viral load
months
2. Cytology findings
Case 25.7% at
13 days
Control46.2% at
11 days

Clearnce
RLU factor
Presence/absence of
RTIs

Note: We looked into fluctuation and clearance of High risk HPV at different interval of time.
HPV is a transient infection and a short-term HPV detection is highly variable within an
individual. Fluctuations can be due to resolution of HPV due to immunity or acquisition of
new HPV, viral load fluctuation. Clearance rates are affected by screening intervals, type
specific HPV, Viral loads, cytology findings, treating STIs and the host immunity.
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1.Fundamental of Biostatistics, Principles of Epidemiology & SPSS (Nov 2013)
2.Molecular Epidemiology Course (April 2014)
3.Multiple Linear Regression, Logistic Regression & Survival Analysis (Nov 2014)
4.Good Clinical Practice- Advance Short Course (Feb 2016, Nov 2018)
B. workshop/Conference attended as delegate
1.XVth Annual meeting on ‘Evidence Based Management of Cancers in India (Feb2017)
2.Colposcopy & Cervical Cytopathology Workshop (Oct 2017)
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2.CME by Indian Association of Physiotherapists on ‘Prevention and Screening in
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5.Workshop on ‘Tobacco Control and Cessation’ (2014-2018) - 5
D.Poster Presentation
1.Scientific Symposium ‘Frontiers in Epidemiology’(March 2017)
E. Paper publication
Part of thesis
1. ‘Reliability of conventional Pap smear in diagnosing Bacterial Vaginosis among
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Other publication
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Epidemiology of Cancer and Cancer Screening

Reliability of conventional Papanicolaou smear in diagnosing bacterial
vaginosis among women with clinical genital infection
Kavita Vivek Anand, Sharmila A nil Pimple, Gauravi A. Mishra, Rupali V. Sahare 1, Saleem Pathuthara1 , Kedar K. Deodharl,
Surendra S. Shastri•
Abstract
Objective: Bacterial vaginosis (BV) is a common reproductive tract infection (RTI) reported among Indian women. BV can influence the persistence of
high-risk oncogenic human papillomavirus, a causative factor for cervical cancer. BV and cervical cancer are major public health issues in a developing country
like India. It becomes important for a resource-constrained country like India with poor healthcare access to implement control measures to screen and
treat RTI in an attempt to prevent the risk for cervical cancer. Papanicolaou (Pap) smear is an established screening tool for cervical cancer and the diagnosis
of RTis, forms a part of its evaluation.The present study explores the validity of conventional Pap smear in diagnosing BV. Methodology: Pap smear and
Gram stain smear were collected for 254 women with clinically evident cervicitis/cervicovaginitis (genital infection). Using the Nugent score on Gram stain
as a gold standard, we determined the sensitivity and specificity of Pap smear to diagnose BV. Results: The overall prevalence of BV in the study population
was 44% using the Nugent score. Pap smear showed sensitivity and specificity of 70.9%. (CI- 61.5%- 79.2%) and 56.8% (CI- 48.2r..--65.2%), respectively.
The positive predictive value of Pap smear to diagnose BV was 56.5% (CI- 47.8%-64.9%), and the negative predictive value was 71 .2% (CI- 61 .8%-79.4%).
Conclusion: In the present study, conventional Pap smear demonstrates good accuracy to detect BV. Pap testing for cervical cancer screening can additionally
serve as an effective screening tool for diagnosing BV among women with genital infection in healthcare senings.
Key words: Bacterial vaginosis, cervicitis, human papillomavirus, Nugent score, Papanicolaou smear

Introduction
The midterm report of the National AIDS Control
Organization (NACO), India, which was based on a review or"'
published and unpubli shed population-based studies, reported
bacterial vaginosis (BV) to be the most common reproductive
tract infections (RTis) among Indian women .111 A huge burden
of symptomatic/asymptomatic BV is reported worldwide.1 2 -3 1
There is emerging evidence of a strong association between
cervicitis and BV.14.51
BV infection needs to be addressed as it has the potential
to cause maternal morbidity due to its association with
common conditions such as pelvic inflammatory disease,
chorioamnionitis, and preterm labor in women.1 6 1 Due to the
c hange in vagina l microbiol ogical flora and inflammation
associated with BV, it may help in acquiring and transmitting
hum a n papillomavirus (HPV) infection which is the main
cause for cervical cancer. The inflammation of the cervix
causes break in the cervical epithelium helping the HPV
to gain entry in the actively prolife rati ng basal celts of the
cervica l epithelium.f71 Inflammation is known to cause DNA
damage of the host cell leadin g to the integration of v iral
DNA, which leads to g radua l progression of HPV infection
to microinvasion and invasive cerv ical cancer. BV may serve
as a cofactor for the persiste nce of high-risk HPV, thu s
diagnosing and treating BV infection may help to reduce the
risk of cervical cancer in women .18- 12 1
Papanicolaou (Pap) smear beside an established screening test
fo r the detection of cervical precancerous lesions is also posed
to diagnose sexuall y transmitted infections (STI)/reproducti ve
transmitted infections ( RTis) .1131 Pap smear has the potential

001: 10.4103/sajc.sajc_ 421_ 18

Department of Preventive Oncology, Tau Memorial
Centre, Affliliated to Homi Bhabha National Institute,
1Department of Micr obiology, R. N. Cooper General
Hospital, Departments of ' Cytopathology and
' Pathology, Tau Memorial Hospital, Mumbai,
Maharashtra, India, 'Department of Health Disparities
Research, Division of Cancer Prevention and
Population Science, MD Anderson Cancer Centre,
Houston, USA
Correspondence to: Dr. Sharmila Anil Pimple,
E-mail: drsharmilapatil@yahoo.com,
pimplesa@trnc.gov.in

to serve as a cost-effective tool for dual screening of BV and
·cervical cancer which are the most common cause of morbidity
and mortality reported among Indian women .11•14 1 Among the
RTTs, the role of Pap smear to diagnose BV has conflicti ng
results reported from several developed and developing
countries.1 3•15- 20 1 T here is limited ev idence fro m Ind ia abo ut
the accuracy of Pap smear in detecting BY. To the best of
our know ledge, the only community-based study conducted
from India demonstrated encouraging results of Pap smear to
diagnose BV infection with sensitivity of 78% J31 The present
study evaluates the accuracy of Pap smear to diagnose BV
infection in women with clinically evident genital infection
using the Nugent score on Gram-stai ned smear as the go ld
standard.1 2 1• 23 1 The microbiology evaluation to di agnose BV
infection by the Nugent score done for the women enrolled in
the present study is a part of the mai n study which looks into
"Performance of HPV DNA test in the presence of coinfection
with common RTis" .

Methodology
The study design is a prospective blinded cross-sectional study
of women in the repr~du cti ve age group who presented for
routine cervical cancer screening in a tertiary care institute
between August 2016 and August 2018.
The inclusion criteria for the study were nonpregnant women
in the age gro up of 30-50 years a nd hav in g c l inicall y
evident cervicitis/cervicovaginitis (genital infection ) on per
speculum examination. The case defi nition of cervicitis was
unhealthy cervix with the presence of cervical erythema and
inflammation that bleeds on touch with mucopurulent/purulent
discharge. Among 3900 women v isitin g the departm ent of
cancer screening durin g the peri od from August 2016 to
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Annexure 3

Annexure- 4. Baseline RLU/CO values among women with discrepancies findings.
Table 1. HC2 test results with RLU titers among women with HC2 positive test results on
baseline visit and negative test results on a follow up visit.

Category
Control
Cases
Control
Cases
Cases
Control
Cases
Cases
Control
Cases
Cases
Cases
Cases
Control
Control

HC2 day 1
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

RLU titers
1.49
11.00
8.00
27.00
1.45
2.00
1.20
4.00
4.00
1.37
2.00
1.20
4.00
46.00
4.00

HC2 results day 14
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

RLU titers
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Table 2- HC2 test results with RLU titers among women with HC2 negative test results on
baseline visit and positive test results on a follow up visit.
Category
Cases
Cases
Cases
Control
Cases
Control
Cases
Cases
Cases
Control
Cases
Cases
Cases
Control
Cases

HC2 day 1
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

RLU titers
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

HC2 day 14
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

RLU titers
3.00
4.00
5.00
3.00
9.00
13.00
1624.00
2.00
153.00
2879.00
97.00
1.38
2138.00
4.00
2.00

