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ABSTRACT

Globally cervical cancer is the fourth most frequeancer in women with an
estimated 604 000 new cases and 342,000 deatl2@) @&bout 90% of these occur in
low- and middle-income countries. Women with HI\e agix times more likely to
develop cervical cancer compared to HIV negativanew. Majority of cervical

cancer (> 95%) is due to the human papillomaviHRB\().

HPV is the most common viral infection of the reguotive tract. Most sexually
active women and men will be infected at some pioirtheir lives, and some may be
repeatedly infected. More than 90% of the infeqtegulations eventually clear the
infection. Cervical cancer is by far the most commblPV-related disease.
Approximately all cases of cervical cancer can Igibated to HPV infection.
Although most HPV infections clear up on their oamd most pre-cancerous lesions
heal spontaneously, there is a risk for all womueat HPV infection may become
chronic and pre-cancerous lesions progress to ive/agrvical cancer. It is reported
that it takes 15 to 20 years for cervical cancedévelop in women with normal
immune systems, however It can take only 5 to d&yin women with weakened

immune systems (HIV positive women).

Present study was aimed to

1. To know the HPV types among women attending Departrof Gynecology,
KLE’s Prabhakar Kore Hospital & MRC, Belagavi.

2. To determine the HPV type distribution among woroénhild bearing age in
according to HIV status (HPV-HIV co-infection)

3. To correlate CD4 counts with HPV infection in HI\@$ttive patients.
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4. To compare and explore variety of molecular methiedsmplementation in

screening of cervical cancer.

In the present cross-section study patient’s deapdgc details were collected. HIV
status was diagnosed with Tridot assay, CD4 cd®AE test was done with routine

procedures. Roche Linear array for HPV genotypirasg \done to identify the HPV

genotyping

In the present study there were 214 women were pibgitive. Of the 197/214
women with the adequate cervical sample, 86 (43.6&4e HPV positive, and 111
(56.3%) were HPV negative cases. A total of 132.1%) women had normal
cervical status, 26 (13.6%) had CIN1 lesions, B%€). had CIN2 lesions, and 12
(6.3%) had CIN3 lesions. Single HPV infection watedted in 47 (54.6%) women
and multiple £2) HPV genotypes were detected in 39 (45.3%). TR& lgenotypes
detected in descending order of frequency were HEVHPV 33, HPV 35, HPV 52,
and HPV 58. Ever pregnant (parous) women were #hdre likely to have HPV
infection. It was concluded that there was greptevalence of HPV 16 among HIV-
positive women from Belagavi, India, was observBdrity was the independent

factor associated with HPV detection.

Totally there 96 HIV-negative women in the age eo§ 18- 45 years in the present
study. Results proved that a significant linearreasing trend in proportion of
carcinogenic and non-carcinogenic genotypes ovadegwas observed£0.039;

P=0.0024, respectively).HPV 59 was reported to be mfost common genotype

followed by 16, 53, 62, 72 but without any stagiatisignificance.

Based on the ours study findings it can be concutl&t Screening strategies

incorporating HPV genotyping and vaccination shohtl effective in preventing

XVi



cervical cancer in HIV-negative womeim small cities there is a gap in the
knowledge which might be essential for the polickera, and also present research
finding from Belagavi region might help treatininians towards incidence data.
Present finding is also having relevance to carprevention programs early
screening of the HPV can definitely help in earigghosis and treatment, which in
turn might reduce mortality. However our study htigot directly associated with

HPV vaccine.

XVii



Table of Contents

Sl. No. Particulars Page No.
1.0 INTRODUCTION 1-18
2.0 NEED FOR THE STUDY 18
3.0 OBJECTIVES 19
4.0 REVIEW OF LITERATURE 20-85

HPV introduction 20
Types 22
Infection 29
Risk factors for HPV infection and cancer 38
HPV related HIV infection 41
Mechanism of HPV infection 42
Cervical cancer 48
Causes 53
HPV cervical cancer 54
Screening 57
Prevention 66
Mortality rate 71
Treatment 75
Vaccination 79

Xviii




5.0 METHODOLOGY 86-101

Materials and Methods

Clinical materials 86
Lab materials 86
Study design 86
Data and sample collection 86
Sample collection and methods 87
HIV testing 87
CD4 cell count 87
PAP test 88
Colposcopy 91
DNA Extraction 92
DNA Amplification 93
Roche Linear array 94
PCR 96
Statistical analysis 101
HIV positive 101
HIV negative 101

6.0 RESULTS 102-127

Age and CD4 counts 102
HIV positive patients 103

Xix




Sociodempgraphic details 103
Colposcopy 105
Pap test 106
Prevalence of HPV genotypes 107
Association between participant characteristicd prevalence 109
of HPV
Comparison of Pap with MY9/11 and G5/G6 112
HIV negative patients 114
Demographic details of HIV-negative patients 114
Colposcopy finding among HIV-negative patients 115
Graphical representation of PAP test among HIVatieg 115
Summary of the Socio-demographic data 116
Prevalence of HPV genotypes in HIV-negative pasien 119
Association between participants, characteristicg] presence
. . 121

of HPV among HIV-negative patients.
Comparison of the PAP test with MY9/11 and G5/Géner

. . 122
sets among HIV-negative patients
Diagnostic efficacy of MY9/11 and G5/G6 among Hig¥gative| 123
patients
Determination of HPV positivity among HIV-positieases 124
Determination of HPV Positivity among HIV-negativases 125
Overall results for HPV positivity among HIV-pdsg and 126

negative cases

XX




7.0 DISCUSSION 127-143
8.0 SUMMARY 144-146
9.0 CONCLUSION 147-148
10.0 | REFERENCES 149-172
11.0 | ANNEXURES 173-233
Annexure |: Ethical Clearance Letter 173
Annexure II: Protocol flow diagram 174
Annexure llI: Information Sheet and Patient consen 176
Annexure 1V: Demographic data collection form 184
Annexure V: Colposcopy protocol 199
Annexure VI: CD4/CDS8 result sheet 203
Annexure VII: Letters and Certificates 204
Annexure VIII: Publications 215

XXi




LIST TABLES:

Table no. Description Page no.
Protein Function and Gene Expression in High fand
Table 1 _ _ 26
Low-Risk HPV Disease.
Table 2 | Classification of papillomavirus 29
Table 3 | New Tests for cervical cancer screening 63
Table 4 | Thermocycler program “RLA Assay”. 95
Table 5 | General primers sequences for HPV DNA detection 98
Detection of HPV using MY09/MY11l and G5/G6
Table 6 _ 99
primer sets
Table 7 | Socio-demographic details of patients tested fof.Hl 103
Table 8 | Demographic details of HIV-positive patients. 105
Prevalence of HPV genotypes in HIV-positive pasent
Table 9 - 107
overall and stratified by CIN status.
Association between participants’ characteristicsl [a
Table 10 N _ 109
prevalence of HPV among HIV positive patients
The association of prevalent carcinogenic HPV
genotypes (present alone or in combination With
Table 11 _ _ _ _ 111
carcinogenic types) with the risk of CIN2 and CI3
HIV-positive patients.
Comparison of the PAP test with MY9/11 and G5/G6
Table 12 _ N . 112
primer sets among HIV-positive patients.
Table 13 | Diagnostic efficacy of MY9/11 and G5/G6 primers 113

XXii




Table 14 | Demographic details of HIV-negative patients 114
Table 15 | Summary of the data. 116
Prevalence of HPV genotypes in HIV-negative pasignt
Table 16 » 119
overall and stratified by CIN status
Association between participants, characteristansg
Table 17 , _ 121
presence of HPV among HIV-negative patients
Comparison of the PAP test with MY9/11 and G5/G6
Table 18 _ _ _ 122
primer sets among HIV-negative patients.
Diagnostic efficacy of MY9/11 and G5/G6 among HIV
Table 19 _ _ 123
negative patients
Overall results for HPV positivity among HIV-posii
Table 20 126

and negative cases.

XXiii




LIST OF FIGURES

Figure Description Page no.
Figure 1 | Mapping of HPV strains by genus. 11
Figure 2 | Global prevalence of HPV infections. 12
. HPV prevalence among women with normal cytologytange
Figure 3 ] 13
analysis based on results from 1,016,719 women

Figure 4 | Internal and external structure of human papillomey HPV. 20
Schematic diagram of the human papillomavirus 1B\(H6)

Figure 5 | genome showing the arrangement of the major namtsiral 23
and capsid genes.

Figure 6 | Evolutionary Relationship between Human Papillomzsas. 25
Risk factors associated with the development ofvicar

Figure 7 | cancer. HPV, human papilloma virus; CIN, cervical 40
intraepithelial neoplasia; TLR, toll-like receptor.

_ Regulation of Cell Cycle Entry and Proliferation linfected
Figure 8 ] o 43

and Uninfected Epithelium.
(A) Structure and organization of HPV16 genome. |(B)
Integration of HPV genome into the host genome |via
Figure 9 | disruption of the E2 gene leading to the expressibrihe 46
oncogenes E6 and E7. (C) Structure of E6 oncopro(&)
Structure of E7 oncoprotein.
Figure 10 | Cervical cancer. 49
Figure 11 | A model of the genesis of cervical cancer. 55
Figure 12 | Mechanisms of HPV carcinogenesis. 57

XXiv




Screening model. A, Pooled HPV test with reflex LBfage.

Figure 13 | B, HPV genotyping test with reflex dual stain. Hidicates 65
human papilloma virus
Immune activation by therapeutic HPV vaccinatioBR(—
. Endoplasmic Reticulum; MHC — Major Histocompatityil
Figure 14 83
Complex; TCR — T Cell Receptor; E6/E7 — Human
Papillomavirus E6 and E7 Protein.).
Figure 15 | Generation of Passive Immunity via adoptive T talhsfer 84
Figure 16 | Procedure of PAP Smear test. 89
. Normal Sgaumous Epithelial cells Stained with Pamdaou
Figure 17 ] 89
stain
_ LSIL-Abnormal squamous epithelial cells stained hwit
Figure 18 _ ) 90
Papanicolaou stain
Figure 19 | Collection and storage of samples 90
. (@) Normal Pap smear image (b) Image of Pap sméar|w
Figure 20 ] ] 91
malignant cells (c) overlapped cell clusters ariifieats
Colposcopy: A colposcope is a low-power, binocuiatd,
_ stereoscopic microscope having a powerful lightseuhat is
Figure 21 . ) o o 92
used for magnified visual examination of the uteraervix to
diagnose cervical neoplasia.
Figure 22 | Roche Linear Array HPV genotyping test (LA-HPV) taPV. 95
Figure 23 | Polymerase chain reaction (PCR). 96
Detection of HPV using consensus MYQ09/MY11l primer
Figure 24 | targeting 450bp L1 region. (Lane 1-4= Positive saspM= 100

100bp marker, PC= Positive control).

XXV




PCR using G5/G6 primers amplifies a 150bp regibané 1-4

Figure 25 » N 100
= Positive samples, PC = Positive control, M = JDétarker).
Graphical representation of Colposcopy findings agblIV-

Figure 26 - _ 105
positive patients.
Graphical representation of PAP report among HIgHdee

Figure 27 _ 106
patients.
Graphical representation of colposcopy finding aghéfiV-

Figure 28 P _ -p g by 90 114
negative patients.

Figure 29 | Graphical representation of PAP test among HIV-tiega 115

Figure 30 | Determination of HPV positivity among HIV-positivases. 123

Figure 31 | Determination of HPV Positivity among HIV-negativases 125

XXVi




I ntroduction

INTRODUCTION

Human papillomaviruses (HPVs) are well-establisisgase-causing entities
which are categorized into almost 80 distinct @as3hese viruses give rise to benign
warts in several cases and vigorous squamous eeltecs in other cases. Non
anogenital warts are accrued by skin-to-skin cotimeovhile anogenital warts are
generally accrued sexually. Either category of svlring about much morbidity but

do not generally support malignant transformatton.

Human papillomaviruses (HPVs) are made up of afhaigily of double-
stranded DNA viruses of roughly 8 kilobases tha #re causative agents of the
anogenital carcinomas and the non-cancerous Wait#Vs consists of beyond 100
genotypes. The mucosal strain of virus can be éurthassified as High-risk (HR) or

Low-risk (LR) on the basis of the risk associatéthwhe diseas€)

Harald zur Hausen
Nobel Prize in Physiology or Medicine in 2008

Harald zur Hausen, a virologist from the Germant€efor Cancer Research,
Heidelberg, has been awarded the Nobel Prize i8 200his research on the role of

human papilloma viruses in causing cervical candée. employed restriction

Page 1



I ntroduction

fragment length polymorphisms and DNA hybridizatitm establish a numerical
method of HPV typing and for the classificationH®V types into flat and plantar
warts. zur Hausen and his colleagues identified revains of HPV. They
characterized HPV-6 as causing condyloma acumirg@émital warts) and also
described a second virus HPV-8 causing epidermdalsispverruciform. Subsequent
to cloning these genomes, the group employed an-6iRxbbe to identify DNA of
yet another class of virus (HPV-11) in genital cgndhas, laryngeal tumors, and few
of the cervical cancer samples. They further made aof the low specificity
hybridization to HPV-11 to recognize a novel genpidPV-16, occurring in 11 out

of 18 cervical canceré®

HPVs are compact, double stranded DNA viruses ibstillt in mucosal and
cutaneous tissue lesions. These viruses contributiee etiopathogenesis of cancers
of the vulva, vagina, cervix and penis. The genetiterial of the virus is perpetuated
in the episomal configuration through the coursehdir life cycle and duplicates
itself simultaneously as the host cell genome witik assistance viral proteins

namely, E1, E2, E4 and E3.

Genital HPV strains have been categorized intoypdst like low-risk strains,
which are generally observed in genital warts, dngh-risk strains, which are
normally associated with the fast-spreading cetvicance” Among the
papillomavirus strains discovered so far, over &0@ins are pathogenic to humans.
These HPV strains can be differentiated into cudaseand mucosal HPV strains on
the basis of the tissue they target. Mucosal HPalrst are classified into two classes’
namely high-risk (hr) and low-risk (Ir). HR-HPVWrains especially HPV16 and 18 are

carcinogenic and causes the highest percentag@dfasdsociated cancers sparing no
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anatomical regions whereas, low-risk HPV strairegige to warts. The strains HPV6
and HPV11 give rise to genital warts and occaslpmalld dysplasia, but severe
dysplasia is uncommdf. The low- risk HPV strains including types 6, 14, &0, 42,

44, 53, 54, 55, 57, 61, 70, 71, 72, 81 and 84 iaked to benign lesions like warts.
The high-risk HPV strains including types 16, 1&, 33, 35, 39, 45, 51, 52, 56, 58

and 59 have the capability to advance into canselesions'

Certain strains of HPVs, like HPV-16, HPV-18, andP\H31, have been
identified to play causative roles in the etiopagiesis of cervical as well as anal
cancer. Infections by these strains, arising thinosgxual transference, are linked to
almost 95% of the cervical cancers. Papillomavsusegget the keratinocytes in the
basal level of the stratified squamous epitheisalue and duplicate inside the nucleus
of the targeted keratinocytes in a manner whiateigendent on the differentiation of
the cells. Expression of the viral genes in thésaghich are infected is dependent on
the cell differentiation and is firmly monitored e level of transcription as well as

post transcription’®

Papillomaviruses primarily infect epithelial cellnd the completion of their
life cycles is dependent on the differentiationtlué epithelial tissue. The viral gene
expression is highly modulated as the affectedllmadmoves towards the epithelial
surface. The production of E6 and E7 proteins & libttom epithelial layers guide
the cells into S-phase, thus creating conditionsebeial for the viral DNA
replication and cell multiplication. The amplifica of the viral genome which is
required for producing pathogenic virions, is s@gsed till the amount of viral
replication proteins increases, and is determinethé co-expression of a number of

viral proteins'*"
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A bulk of the HPV infections are harmless and efated spontaneously
however, continuous infection with high-risk HP\pégifically by the strain 16) can
result in the cancer of the vagina,vulva, cervignig, anus and oropharynx. HPV
impedes normal cell-cycle regulations, stimulatihg unrestricted cell division and

the aggregation of damage to the genetic maté&ral.

The second most prevalent cancer occurring in womentdwide is cervical
cancer. The understanding of the etiopathogenésiecsame is broadening rapidly.
Four crucial steps mark the development of cervizalcer: a) the infection of the
metaplastic epithelial tissue at the cervical tfamsation region, b) prolonged or
continuous existence of the virus, c) progressidnth® continuously infected
epithelial tissues to cervical precancer, and & thvasion via the basement

membrane of the epithelial tiss{}&.

Human papillomavirus infection has been reportetbécassociated with the
incidence of cervical cancer over three decades Rgoent research have given rise
to overwhelming confirmation that certain straifisH®V play causative roles in the

development of these cancerous grovtfis.

Among several strains of HPV, many (more than 8®adt the genital tract.
The correlation of some of the high risk (oncoghestrains of HPV with the
incidence of cervical cancer is well substantiatdearly identification and
medicaments of precancerous tissue alterationsieam the advacnement of cervical
cance™® Invasion of tissue by cancerous HPV strains is rareguisite for
development of cervical cancer which is the secmodt prevalent cancer affecting
females globally. Rates of HPV infections are itgfth especially among adults who

are sexually activ€® Numerous HPV strains (more than 100) have beentifiel so
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far, and classified into cutaneous or mucosalrsdrain the basis of their target tissue
types viz. the skin or mucosa of the upper resmiyatracts or the genitals. Biological
and epidemiological observations have demonstihiztdHPV16 is oncogenic to the
greatest extent within the high-risk category. Gae@ssociated with HPV are closely
related to continuance of HPV infection and the raggtion of chromosomal
rearrangement$” It has been proposed that high-risk HPV straiesaasociated with
a small group of head and neck cancers in whichctitecal biological process
elementary to the HPV-associated tumorigenesikesbtocking of p53 by the HPV

E6 oncoproteirt®

Cervical cancer is the most common reason for rticeeaising mortality rate
among women who are suffering from cancer in theeliging nations and attempts
for the prevention of the condition utilizing nowstategies and HPV vaccines require
further exploration. The ratio of the incidencethe rate of mortality due to cervical
cancer continue to be high, chiefly because ofablk of the benefit of pertinent anti-
cancer therapeutics. In several developing natibese is dearth of facilities for the
prevention, early detection, therapy and amelioratf tumor associated disorders.
9 The HPV strain that is causative of cervical carare sexually accrued, however
there is insufficient information regarding the \yeation of infection by
implementing behavioral modifications, like the usiecondoms. On the contrary,
preventive vaccines against HPV infections probdidye increased efficacy. The
efficacy of the immunization against HPV as an apph towards cervical cancer
management can be assessed either by observitlgicheations in the trends in the

incidence of cervical cancer or by performing ranied assessment&)
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Cervical cancers constitute 530,000 fresh patigpés annum and is
responsible for the bulk of the HPV-associated tugases globally. In almost fifty
percent of instances, the disease is identifieddmen less than50 years of age and
approximately two-thirds are detected in less dgyedl nations. The majority of the
of cervical cancer cases prevail in Latin Amerid&ica (sub Saharan region) and
South-Eastern Asia (with an exceptionally high d&e burden in the Indian
population). HPV 16 and 18 jointly are accountafole 71% of the cervical cancer
worldwide. HPV contribute to several cases of cawrias worldwide, around 8,500
instances of vulvar cancer, 12,000 of vaginal centia, 35,000 of anal and 13,000 of

penile tumord??

Apart from the critical impact of infection by HPWA women, it is also
accepted that HPV can give rise to significantedis in males as well. A common
presentation of infection by HPV in males are ganivarts which are highly
contagious. Individuals who have sexual intercoussdgh affected partners
subsequently develop warts. Over 90% of the genitats are the result of infection
of non-cancerous HPV strains 6 and 11. Additionaigspiratory papillomatosis, a

rare disorder, is also often linked to infectiogsHPV strains 6 and 142

Cervical cancer, the fourth most prevalent cangee tand the lead source of
cancer associated deaths in females globally,dessarily caused by HPV infections.
It additionally causes tumors of the anus, vaginalva, penis as well as
oropharyngeal cancers. Preventive vaccines souroed recombinantly expressing
virus-like molecules have been generated. The BI¥A has approved two first-

generation vaccines to prevent HPV infections armbsquent disease development.
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These vaccines are effective against the HPV16HIPd18 strains that give
rise to cervical cancer. Additionally, one of thetvaccines is also effective against
HPV6 and HPV11 strains which cause genital warteotAer new generation vaccine
which has also been approved by U.S. FDA has besrodstrated to protect against
target strains like HPV16, HPV18 as well as furthddPV strains inclusive of HPV6

and HPV11?®

Incessant infection by high-risk strains of HPV esgarily induces cervical
cancer. The HPV genome encodes two genres of geadyg;and late. The products
of the early genes control the viral DNA replicatidEl, E2), viral RNA
transcription(E2), cytoskeleton reorganization(la#d cell transformation (E5, E6,
E7) while the late gene products (L1, L2) are strrad elements of the viral capsid.
Therefore, prophylactic immunization targeting HRVa promising approach for the
prevention of cervical cancer. Immunization coule &dministered as preventive
vaccines which produce neutralizing antibodies bstamct HPV infection or as
therapeutic vaccines, used to remove infectionriggering a virus-specific T cell-
mediated feedback mechanism. Contemporary appredohehe generation of safe
and potent preventive vaccines are supported byntBehanism of triggering of
neutralizing antibodies which target the major amdor capsid proteins (L1 and L2)

of HPV. @¥

HPV-associated screening strategies and HPV imrmatiaiz provide vast
capability for prevention of cancer especially ¢eml/ cancer. Broadening the
manifestations for HPV immunization and expanseaing for HPV in the screening

schemes has the capacity to speed up the decretigeincidence of cervical cancer.

(25)
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Screening of women has reduced the occurrence anidlity rate associated
with cervical cancer. Precancerous cervical tisdamage (cervical intraepithelial
neoplasia) and cervical tumors are deeply linkedhto sexually accrued high-risk
HPV strain infection, which bring about greaterrnth29% of cervical carcinomas.
Screening approaches involve cytology (Papanicotast) and HPV testing, either

individually or combined®

The immune system utilizes innate and adaptive imitputo detect and
encounter external elements that gain access tbdthg however, these systems are
occasionally incompetent against HPV. HPV possessnenous methods to
circumvent the surveillance by the immune systerhesé viruses infect and
proliferates in keratinocytes which are far offframmune foci and inherently have
shorter life span. HPV suppresses the productionntdrferons.in spite of the
properties of the viruses which aid in immune emasthe immune system virtually
holds of the bulk of HPV infections and is firmlyked to localized cell mediated
immune reactions. It is suggested that vaccinemsigelPV 16 &18 as well as HPV
6, 11, 16 & 18 are safe, generate elevated amafirstibodies and are successful at

impeding HPV infection®”

Carcinogenic HPV is a common genital infection ttemt potentially progress
into cervical carcinoma in few females. Even thowgbmen generally are rid of
infection in a short time (few months), the viruompt a shift in the direction of
immune tolerance that assist in the persistencenfefction and thereby enable
tumorigenesis. HPV is critical in the evaluation thie probable contribution of

prophylactic immunization in curtailing the incidenof cervical carcinom&®
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The recognition of the HPVs as the causative agémtervical carcinomas
provided the opportunity for the establishment &\Hvaccines. After two decades of
recognition of HPV strain the first HPV vaccine wagroduced in the market. The
protection effectiveness of these vaccines agaiestical cancers is comparatively
high. These vaccines comprise of virus-like pagsc{VLPs). The VLPs of the HPV

strain 6 and 11 provide effective protection agagesital warts®®

The evidently increased sensitivity and reproduitypof HPV DNA testing
for high-grade cervical intraepithelial neoplaszN) has given rise to the extensive
appeal to develop it as the primary screening tdetvever, in order to attain its
maximum potential, novel strategies for HPV testimigh superior specificity are
required, either in the form of triage tests whiamprise of HPV classification,
methylation (and subsequent repression) of both dwod viral genes, and improved

cytological techniques or in the form of altermatprimary screening method¥)

Presently three HPV vaccines have been endorséd®yFDA to avert HPV
infection namely Gardasil 9, Gardasil, and Cervagach of these vaccines safeguard
against HPV strains 16 and 18 which together ipamsible for around 70% of
cervical carcinomas. The Gardasil vaccines alselglagainst HPV strains 6 and 11,
causative agents for 90% genital warts. Contemporasearch of the substance
carrageenan has exhibited encouraging outcomessimpromise to reduce HPV
spread. Cervical carcinoma screening recommendagocompass the inclusion of
HPV testing to cervical cytology. HPV-DNA investigans can be carried out on

cervical samples by signal amplification using poéyase chain reactiofi”)

Given the unmistakable etiological association leetw high-risk HPV

infection and cervical carcinoma, high-risk HPV tileg is contemplated as an
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alternate for cytological cervical carcinoma sciegn Several investigative
approaches have been initiated to identify the watege of hr-HPV strains using a
single test. For the purpose of screening, thetiiieation of high-risk HPV is not
essentially helpful except when it is instructivietioe presence of high-grade cervical

intraepithelial neoplasia or canc€f)

Cervical cancer is the second most prevalent patBnfatal cancer amidst
women globally. HPV high-risk variants play thetical part in the etiopathology of
the disorder. The postulation of cervical intralegiial neoplasia (CIN) was initiated
in 1968 as analog to the word dysplasia, which igiganomalous maturation.
Cervical carcinoma advances slowly from pre-invastMN to invasive carcinoma

and hence screening for dysplasia is a criticaliptiealth issue globall§{®

Far reaching randomized controlled studies sugtpastHPV based screening
yield superior defense against cervical carcindmaa tytology singly through refined
detection of premalignant disorder in the prelimjnacreening stage preceding
progression. Females 30 years and above is recodatddn be evaluated for HPV

infection every 3 to 5 year§?

Squamous cell cancers typify the most common matigy of the head and
neck. Frequent risk elements for the head and rssgkamous cell carcinoma
(HNSCC) are smoking and alcohol ingestion. The letween HPV and squamous
cell lesions at several regions of the body togethth oral cavity was first identified
in 1983 by Syrjanert al.®® HPV infection was initially accepted as causatdfe
head and neck carcinoma. Oro-pharyngeal squamdienceoral cancer is a disorder

generally associated with tobacco and alcohol égtlon. HPV seems to possess a
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causative role in numerous malignancies of theptrarynx region, especially tonsils

and throat, and also probably a small subclasamders of the oral cavity?

The most commonly identified HPV strain during cwerization of
squamous cell carcinoma (SCC) is HPV16 followedHsyvariant HPV18. HPV18 is
the variant deeply linked to adenocarcinoma ofdbevix, the incidence of which is
rising in an indirectly proportional manner to tltSCC. The bivalent HPV variants
16 and 18 and the quadrivalent HPV strains 6, Bladd 18 vaccines are being
assessed in phagl clinical trials, and show promise to safeguardiraga70% of

cervical carcinoma$”

The frequency of occurrence of oro-pharyngeal squemcell carcinoma
(OPSCQC) is increasing in comparison to the redudieguency of carcinomas in
further sub-locations of the head and neck, desthiee decreased prevalence of
smoking. HPV infection specifically by the varialfi is identified as a key player at
the inception of the HPV positive OPSCC, with disti behavioral, prognostic,
clinical, radiological, anatomical, biological anepidemiological attributes in

comparison to HPV negative OPSC¥)

CERVICAL
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Figure 1. Mapping of HPV strains by genus. (Adapted from)
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Several distinct papillomavirus strains infect huni@ings, however, only a
small subset is harmful. Mapping HPV strains byuge(Figure 1) unveil that few
species frequently give rise to comparable wart$ lasions, with majority of the

HPV strains that are carcinogenic arising fromgame species.
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Figure 2. Global prevalence of HPV infections. (Adapted from) &

Cervical HPV infection incidence differ globally iffare 2), as does the

frequency of the infected females who proceed teld® cervical cancef*

The global frequency of infection by human papilininus (HPV) in females
without cervical anomalies is 11-12% with increass@s in Eastern Europe (21%),
sub-Saharan Africa (24%) and Latin America (16%)e Tost common variants are
HPV16 (3.2%) and HPV18 (1.4%). The frequency ofdeace increases in females
with cervical abnormalities in proportion with tirgensity of the lesion extending to

almost 90% in females exhibiting grade 3 cervigdraepithelial neoplasia and
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invasive carcinoma. HPV infection has been recaghias a conclusive human
carcinogen for six classes of cancer: penis, viagina, cervix, anus and oropharynx
(inclusive of the base of the tongue and tonsiI€xvical carcinoma is the third most
frequent female cancers and show a deep relatjpnghi the stage of development,
the rates of incidence being at least four-timesakd in nations described as within
the low ranking of the Human Development Index (HIDI comparison to those in
the higher ranking. The all-inclusive global burdeh HPV infection is most
favorably evaluated by combining observations frastudies utilizing well
established, quality-controlled techniques to idgntPV in females with normal
cervical cytology. Considerable regional dispaegyst with the prevalence being the
highest in Eastern Europe (21%), sub-Saharan Af&#6) and Latin America
(16%). Exceptionally high incidence is observedastern Africa and the Caribbean,

where rates go beyond 30% (Figure 3).

Adjusted®HPV prevalence (%)

Caribbean | | 35.4
Eastern Africa | | 33.6
Eastern Europe | 1 21.4

Western Africa [ 196
Southern Africa 17.4
South America 1153

South-Eastern Asia | |14.0
Cenfral America | | 130
World 11.7
Eastern Asia | | 10.7

Northern Europe [ ] 10.0
Northern Africa ] 9.2
Western Europe | | 9.0
Southern Europe 1 8.8
Southern Asia [ ] 7.1
Northern America [ 4.7
Western Asia [[] 1.7

Figure 3. HPV prevalence among women with normal cytology: meta-analysis

based on results from 1,016,719 women. “0
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In India, cervical carcinoma give rise to aroun@®% of most of the cancers
in females. The National Cancer Registry Prograr@RR) has been in established
since 1982, and a permanent centre (National Cdatr®isease Informatics and
Research) under the guidance of Indian Council eflital Research maintains the
pivotal repository of data from the participatingncer registries based in hospitals
and other medical colleges/institutions spread raidndia. The rate of incidence of
cervical carcinoma normalized according the ageaestnated wide variation among
the repositories, the highest recorded incidence 28a07/100,000 in Mizoram State,
the second highest was recorded at 22.54/100,0@®agighat and the lowest was

recorded at 4.91/100,000 in Dibrugarh distfft1.

There is a decline in trend of incidence of cetvi@acinoma in India in as per
the registries formed on the basis of populatiawéwver, it still remains a principal
public health issue for females in India. The freley of occurrence of cervical
carcinoma is peaked at the age interval of 55-%@syeand a sizeable proportion of
cases are reported in the later stages of theddis@pecific variants of carcinogenic
HPV-16 and 18 have been detected in cervical casugects. Immunization against
strains 16 and 18 can also be taken up taking dotesideration all the associated
individuals, inclusive of the parents of pubescginis. Prevention and treatment of
cervical carcinoma and thereby bringing in a reidumcon the disease burden are
feasible by focusing the management strategies timtohigh prevalence areas. In
India, 122,844 females are reported to be confirmede affected with cervical
carcinoma yearly and 67,477 of the cases succunttetdisease. With a population
of 432.2 million females of ages 15 years and abdndia has a high number of
individuals at risk for developing carcinomas. GeaV carcinoma is the second most

frequent cancers in females between the ages ain@i544 years. According to the
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recent reports, India at 22 years, has the higlgesstandardized incidence of cervical
carcinoma in South Asia region, in comparison t®A@&ars in Bangladesh, 13years

in Sri Lanka, and 2.8 years in Iraff)

Cancer is a complex multi-factorial disorder, witirious contributing factors,
both intrinsic and environmental factors, in it®pathology. Human papillomavirus
(HPV) has been linked to the etiogenesis of mangmancies. India acutely suffers
from three HPV-related malignancies, namely, ceadyioral and oropharyngeal
carcinomas. HPV has been recognized as a contrgptactor for malignancies and is
responsible for over 600,000 cases globally peuamf**“ HPV has been linked to
cancer incidence since its discovery in 1970s byHausen in common genital warts

and cervical carcinom&>4®

The rate of survival for cervical cancers have beehanced during the last
four decades on account of the huge impact of¢reesing strategies like Pap smear.
The capability to investigate and manage femaldhl wreinvasive condition, viz.
cervical dysplasia, is the critical element resgjtin the decrease of the incidence of
invasive cervical carcinomas. The feasibility ofsessing females for the
etiopathogenic agent HPV has come up as a prospestdieening mechanism. Recent
investigations have been directed on novel strasefgir Pap smear screening like thin
layer technology, the pertinent intervals for asseants and the suitable approaches
of including of HPV evaluation into the screeningpeoaches. Automated repeated
screening strategies employed may help reducerdiridncy of false-negative Pap

smearg?®

HIV-positive males and females are at higher r@gkdeveloping anogenital as

well as oral HPV infection. The probability for HP¢lated life threatening intra-
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epithelial neoplasia (IN) and carcinoma are algiér. The frequency of incidence of
oral, cervical and anal HPV infection among HIV-ies subjects in comparison to
HIV-negative subjects heightens with the steadyatese in CD4+ levels, similar to
the incidence of high-grade IN.Accumulation datdi¢ate a direct effect of HIV
infection in the etiopathogenesis of HPV-relatedpiasia, however, HIV-linked
debilitation of HPV determined immune feedback nfagilitate the continuance of
high-grade IN and ample time for aggregation of gjienmodifications that are

pivotal in the evolution into canc&r’

Infection by HPV is critical in the etiopathogersesf anogenital carcinoma as
well as its predecessors. HIV-infected subjectsgmean elevated abundance of HPV
DNA. Numerous studies have additionally provideddemce that HIV-infected
subjects have a higher frequency of squamous pitreial lesions (SIL) of the anus,
vulva and cervix. The prevalence of invasive calicarcinoma is higher in HIV-

positive females while that of anal carcinoma iivHplositive females and mal&$§)

Human immunodeficiency virus is responsible for siag acquired
immunodeficiency syndrome (AIDS). HIV infection magpact the etiopathogenesis
of HPV-related cervical disorders either directig ynolecular interconnection with
viral genes or indirectly via modulating the immunesponses of HIV-infected
subjects.With enhanced antiretroviral therapy angvention of HIV-related
opportunistic infection and increased survival embles infected by HIV, infection
by HPV and its frequent debilitating outcome, oeal/carcinoma, probably would

commandeer higher importance in the managementésnrdected by HIV globally.

A refined comprehension of the contribution of HiW/facilitating the clinical

presentation of HPV invasion is critical for theuéation of this disordef*?)
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HPV have been recognized as being high-risk orrisi-on the basis of their
association with the progression of malignancy. Woraffected by HIV are at higher
risk for being infected by HPV and its persistenteereby raising the risk of
anomalies in the cervical cells as well as the s cervical carcinoma. HIV
infection results in a decrease in the frequencyvek as function of the CD4+ T
cells. This further leads to an increased rate BYHhereby reducing the opportunity

for their impetuous eliminatiofi®>Y

HIV-associated immunodeficiency affects the genk#V in women in a
complex manner. This include higher infection rislgsmultiple variants, persistence,
repeated activation and the risk to progress ingeipvasive and invasive conditions.
Restructuring of immunity with the help of anti@irmedication enhances cellular
immunity, however, the risk of HPV-associated aawona continues to be greater
than contextual incidences and manifests at eaaligrs. Advance introduction of
antiretroviral therapy (ART) permits enhanced rétemof immune processes via
already operating antibodies and T-cell copies #meteby boost the long-term
consequences. Interaction between HIV and HPV shioellconsidered while making
public health policies by concentrating on exteagivepubescent HPV-immunization
initiation, prevention of secondary cervical caocima and early screening schemes

for HIV-infected females and advance introductiéABT.®?

Interactions of HPV and HIV facilitating the infeat by the each other have
been demonstrated at the cellular level. InfecobrHPV assists the acquisition of
HIV in males and females, additionally, HIV-infedtsubjects possess a higher risk
for of HPV-influences dysplasia and carcinoma resil of a continuous immune

repression. Both HIV and HPV promote the diabolatle which is responsible for
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the escalation of the pandemics in certain regionsthe globe. Highly active
antiretroviral therapy (HAART) is perhaps advantagein decreasing HPV infection
and related tissue damage subsequent to numerats gfemost favorable regulation

of HIV proliferation and pronounced immune restuuirtg. ©*

Since the specificity and sensitivity of Pap smiegpoor, cervical carcinoma
screening approaches are switching from cytologyetisscreening to high-risk HPV
testing. Although PCR testing is a sensitive arah-imvasive technique for
determining the occurrence of high-risk variantsyaver limited data are present on
circulating genotypes especially among HIV-negativemen. In the light of the
above knowledge the current study was designedatmey the prevalence of HPV
genotypes in HIV negative women in Belagavi, Kaakatand investigated the types

of HPV most frequently found in these patients.

Need for the study

1. The idea that HPV testing could play a crucial rahe cervical cancer
screening programs becomes more universal. Segemications for HPV
DNA detection have been proposed, therefore Conseglethe rising
importance of HPV testing, the performance of HB%ts should be carefully
assessed and validated.

2. It is important to identify the viral type involvedhich is of interest in the
prevention and treatment of infection.

3. Hence the present study is designed to investitfeepresence of various
HPV genotypes in cervicovaginal samples and ito@ason with HIV

positive women.
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OBJECTIVES

. To know the HPV types among women attending Departrof Gynecology,
KLE’s Prabhakar Kore Hospital & MRC, Belagavi.

. To determine the HPV type distribution among woroénhild bearing age in
according to HIV status (HPV-HIV co-infection)

. To correlate CD4 counts with HPV infection in H\é$itive patients.

. To compare and explore variety of molecular methfodsmplementation in

screening of cervical cancer.
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Human Papillomaviruses (HPV)

I ntroduction

Papillomaviruses are compact non-enfolded virusesinlgy icosahedral
capsids with a diameter of 55nm enclosing douliiersied DNA of roughly 8000
base pairs (bp) as genetic material. They are bragmtead all around the animal
kingdom, especially infecting the squamous epitheind generating warts
(anomalous tissue proliferatiofif) (Figure 6). These viruses target epithelial tissue
and is dependent on cell differentiation for cortipkg the life cyclé® The whole
genome of HPV exhibits a well conserved generiaragement. All presumptive open
reading frames (ORFs) are limited to a single DNrarsd. The alternate strand,
seemingly the non-coding strand accommodates ORRi&chware preserved
irrespective of location and configuration. Thetidist frames are categorized into
“early” (E) or “late” (L) genes unlike other DNA wnises, where the genes are
activated in accordance with a particular schedubbe trajectory towards effective

infection. %

HUMAN PAPILLOMAVIRUS HPV

- CAPSID PROTEIN
- = CAPSID
VIRUS DNA = = »

Figure 4. Internal and external structure of human papillomavirus, HPV
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(Source: _https://www.thegreatcoursesdaily.com/hpd-eervical-cancer-causes-and-

cures)

Papillomaviruses possess a general non-encasedheusl arrangement
which is 50-60nm in diameter. Their genetic mateciansists of double-stranded
episomes of roughly 8000 base pairs, which acconateoeight or nine open reading

frames®®

HPV have been identified in a considerable numibemal, esophageal, oral,
penile, vaginal, vulvar and head-and-neck maligieenin India®” HPVs constitute
the most frequent infectious organisms that areuaccsexually worldwide, the main
risk aspects are behaviors related to sexual ctigven though nearly all infections
do not show any symptoms and are eliminated wighépan of 2 years, infection by
genital HPV can result in clinical manifestationcempassing cervical neoplasia,

anogenital warts, cervical carcinoma and other anitgl malignancieS®

Infection by HPV plays a causative role in the @ioesis of cervical
carcinoma, and is related to several other gemgdignancies, encompassing vaginal,
vulvar, and anal carcinoma. The main preventivesuess with HPV immunization is
safe and efficient, and a lately validated HPV waecimparts extensive defense
against numerous tumorigenic HPV variants. Scregpingrams for HPV are swiftly
progressing, indicating the critical role played B2V infection in the etiology of

cervical malignancie$?
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Types

Genital HPV variants have been subclassified iow-llisk strains, which are
detected largely associated with genital warts, &aigh-risk strains, which are
customarily linked to invasive cervical carcinontas.Of all the studied
papillomavirus strains so far, over 100 variants eontagious for human beings.
These HPV strains can be differentiated into cudaeeand mucosal HPV classes, on
the basis of the type of epithelial tissue they tamget. Mucosal HPV variants are
segregated into low-risk (LR) and high-risk (HR) WRtrains. Hr strains are
tumorigenic especially, HPV 16 and 18 which arepoesible for the highest
percentage of HPV associated malignancies at alioamical sites whereas, low-risk
HPV strains produce warts. HPV6 and HPV11l produeeitgl warts or mild
dysplasia, but seldom serious dyspl&8id.ow- risk HPV strains comprises of
variants 6, 11, 34, 40, 42, 44, 53, 54, 55, 57,/1,71, 72, 81 and 84. These are
linked to non-malignant lesions like warts. Higbki HPV strains comprise of
variants 16, 18, 31, 33, 35, 39, 45, 51, 52, 56aim@859. These have the capability to

develop into tumorigenic abrasiofis.

HPV strains 16 and 18 have been detected in twindishuman cervical
malignancies. The DNA of the viruses were clonethatmolecular level and utilized
as probes to screen substantial number of gena@atimomas by Southern blot
technique. HPV 16 or 18 variant sequences, werstifaal in high frequency in
cervical cancers, nevertheless in scarce amourfiaticondylomas or condylomata
acuminata. The bulk of the latter tissue damage)peised of HPV 6 or 11 DNA
sequences, which as opposed were identified selmiomalignancies in situ or

invasively proliferating cancef&
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Figure 5. Schematic diagram of the human papillomavirus 16 (HPV 16) genome

showing the arrangement of the major non-structural and capsid genes.

The three rings draw parallels to the three ORKgushich the coding strand
are translated. No gene products have been idshti§ originating from the antisense
strand. The early viral protein (E4) is coded fgrdbmRNA copy that encompass the
first amino acids of the E1 gene. The segmentsdmiviate 1 (L1) and EG6 is critical
transcriptional controlling regienmRNAs coding for mdsnon-structural (E6, E7,
El, E2, E4 and E5) and capsid (L1 and L2) genee ani this segment. Most of the
papillomavirus genetic materials parallels HPV16 ilme broad arrangement

(Figure 5).6V

The HPV family includes roughly 200 variants that @apable of infecting
the cutaneous and mucosal epithelial tissue. Theg@bcategorized into species and
genera in the phylogenetic tree of HPVs on thesbakihe sequence of DNA of the
late gene (L1). The genudphapapillomavirus encompasses the mucosal high-risk

(HR) HPV variant that is apparently associated withb progression of anal and
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cervical carcinomas and a subgroup of additionaitgktract carcinomas, like penile,
vaginal and vulvar cancers in conjunction with é&goup of head and neck
carcinomas. Analogous to the high-risk HPV stramsaneous beta HPV strains have
also been implied in tumorigenesis, even thoughdisease mechanism is relatively
distinct. Biological and epidemiological investigais favor the prototype of collegial
cooperation of cutaneous beta HPV strains and Whatans in the establishment of

cutaneous squamous cell carcinomas (cSCC).

Infection by beta HPV seems to have a critical molthe preliminary stages of
skin tumorigenesis, however it is not necessaryttier survival of the cancer cells
once they have turned malignant. The initial cutarsebeta HPV variants HPV 5 and
8 were derived from the cutaneous tissue of indizis with epidermodysplasia
verruciformis (EV), an autosomal recessive hereglitdisorder outlined by the
establishment of wart-like tissue malignancies @vesal regions of the body that
often evolve into cSCC in areas exposed to UV. BH#R& variants are subclassified
into 5 distinct species, beta-1, beta-2, beta-8-#¢ beta-5 where betal and beta 2
HPVs are the most prevalent strains in the skiheOvariants are seldom identified

in skin. 62

The International Human Papillomavirus (HPV) Refex® Center supports
quality and order in HPV research and diagnostice Tenter allots HPV strain
numbers to newly discovered HPV strains, retaingfarence cloned archive, and
supply international proficiency panels for HPV ggmping. The currently identified
HPV strains till HPV225 can be classified into Stdict genera: alpha (65 strains),
beta (54 strains), gamma (98 strains), mu (3 syamu (1 strain). Since 2014, 23 new

variants have been discovered, 82.6 % of these comter the genus gamrf2.
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The HPV strains identified in humans belong to fiy@nera, the alpha and the
Beta/Gamma constituting the biggest groups HPVavesi from the alpha genus are
frequently categorized as no-risk cutaneous, Iek-mucosal or high-risk. The high-
risk variants are established as “human carcindgeased on the epidemiological
data. The rest of the high-risk variants are “pliéaor “possible” carcinogens

(Figure 6).©%
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Figure 6. Evolutionary Relationship between Human Papillomavir uses.

HPVs consists of five evolutionary classes withidet epithelial tropisms and
disease correlations. The alpha papillomaviruserapass the low-risk mucosal
variants (a number of which are inside the oramg&led section) that are causative of
the genital warts, and the high-risk mucosal vdsiafaccommodated within the
section highlighted in pink) that cause cervicabplasias and carcinoma. Even

though the cutaneous HPV variants (most of whiah aacommodated in the grey
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(Alpha), green (Beta) and blue (Gamma) shadedmsetare not frequently linked to
malignancies, some of the beta strains have be@ived in the progression of non-
melanoma skin cancers (NMSC) in immune compromisebiects as well as in

individuals suffering from epidermodysplasia veifornis (EV).

Table 1. Protein Function and Gene Expression in High and Low-Risk HPV

Disease.
High-Risk Alpha Low-Risk Alpha

encodes E6* products no E6° products
binding and degradation of... weaker binding (no degradation) of...

*p53 *p53

especific PDZ-domain proteins +no binding of PDZ-domain proteins

(e.g. Dlg, MAGI-1, Scribble)
interact with the E6AP ubiquitin ligase
inhibition of p53 transactivation and acetylation
inhibition of apoptosis unknown
E6 | bypass of growth arrest following DNA | normal growth arrest following DNA

damage E damage
inhibition of keratinocyte differentialion unknown
inhibition of interferon response weaker inhibition of interferon response
activation of signaling pathways... unknown

e Akt

«Wnt

#Nolch

+mTORC1
lelomerase activation no aclivation
c-myc activation no aclivation
binding and degradation of... weaker binding (no degradation) of...

*pRb «pRb

*p107 «p107

*p130 *E2F1
binding (no degradation) of... binding of...

*E2F1 *p130

+Cullin2

binding of regulalory proteins including E2F6, p600, HAT, PP2A
induction of cell cycle entry and DNA synthesis
role in genome amplification

induction of genome instability no stimulation of instability
suppression of STAT-1 function no suppression
immortalization and transformation no such functions
functions
activation of signaling pathways... unknown

» Akt
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The proteins E6 and E7 of the high-risk and low-i$PV variants have
distinct roles, which indicate their divergent loigies. The capacity of the high-risk
HPV strains to regulate cell proliferation in neagh is contemplated as indicative of
the capability of their E7 protein to attach andimtegrate members of the Retino-
blastoma protein (pRb) family, as well as the cdpggbof E6 to successively
degenerate p53 and to weaken the effect of PDZ-poprateins that modulate cell
contact and signaling cascades. In the life cytk® viruses the E6 and E7 proteins
have critical function in guiding S-phase reacimatin the outer epithelial layers to
facilitate viral DNA proliferation. This also newgate the E1 and E2 proteins, which
rise in abundance subsequent to the “late” promgpeegulation (viz. p670 in HPV
16) in cells which persists to express E6 and Bihfthe early promoter (viz. p97 in
HPV 16)®) In the situation of low-risk HPV variants, genetamplification
necessitates cell cycle reactivation in the middleupper epithelial layers on the
contrary to occurring in tissue that have continaedbeing in cycle after being
removed from the basal layer. In case of both higk-and low-risk HPVs,
amplification of the genome continues as the id@atell progresses from S-phase to

G2- like phase prior to perpetrating into compliféerentiation.¢-6¢:67)

The low-risk and high HPV variants have remarkab#iations in the
promoter location and regulation, in addition t@ tmRNA splicing motifs. These
distinctions influence the expression of the E6 Efdgene$t®® Distinct motifs of
viral protein synthesis (in addition to the dif#faces in the protein functions) have

critical role in influencing the disease maniféista subsequent to the infecti6f.
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Papillomavirus (PV) derivatives are generally aagaked as “types”. Several
PV variants have been identified in human beings,single extensively investigated
host. Approximately 100 human HPV variants havenbegorted on the basis of the
information from the genetic material isolated ao, however, a greater number of
variants are assumed to prevail on the basis ofatteady identified subgenomic
amplicons. Several of these HPV strains have redet be ubiquitous and spread

worldwide ©®

The beta genus consists of greater than 50 betadtfans that are reckoned
to be implicated in conjunction with ultraviolet Q) radiation in the progression of
non-melanoma skin cancer (NMSC), the most frequggme of human carcinoma.
HPV5 and HPV8, members of the genus beta, weriligidetected in individuals
with the genetic condition epidermodysplasia vefanmis (EV) that favors greater
risk for predisposition to infection by beta HPVdamNMSC progression. It is
evidenced that recipients of organ transplant wenehcompromised immune system
have an increased risk of NMSC. Beta HPV strainggése to the theory that they

may be instrumental in the tumorigenesis of skimceas in non-EV subject§”

HPVs are classified on the basis of the homologthefnucleotide sequence
of the L1 gene, the most conserved segment of ittaé genome and codes for vital
capsid protein. On comparison of the DNA sequerica® various isolates, HPV
strains from distinct genera within the famitgpillomaviridae share similarity of less
than 60%. Within a genus, distinct species shareepéage similarities between 60%

and 70% 6%
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Table 2. Classification of papillomavirus

Group Prototypes Site of infection  Acute consequences Chronic consequences  Other features
Cutaneous  HPV1, HPV2Z, Skin Warts None Synchronous regression, lasting
BRI immunity
Mucosal HPVE, HPV11, Genital mucosa Warts None Slow resolution in immunosuppressed
COPV, ROPY incviduals
Mucosal HPV16, HPV18, Anogenital mucosa  Flat lesion (CIN 1) ~2% persist, ~1% progress  Slow resolution in immunosuppressed
highrisk ~ HPV31,H. 13,  (other mucasal toinvasive cancer indniduals, variable malignant
HPV45, BPV4 surfaces) patential
Cutaneous  HPVS, HPVB, Skin Flat lesion or none Promates SCC (7) SCC more common in
high risk CRPY Warts immunosuppressed individuals
BPV, bovine papillomanvirus; CIN, cenvical infraepithelial neoplasia; COPV, canine oral papliomeanvines; CRPY, cottontail rabibit papillomenarus; DTH, delayed-type

hypersensitivity; HPV, human papiomavirus; ROPY, rabbit oral papilliomavirus; SCC, squamous skin cancer,

The classification of papillomaviruses is tabulatedh Table 2.
Papillomaviruses are classified into cutaneous, asaic mucosal high-risk and

cutaneous high-risié?

Investigations into HPV has mostly been dominatgdhe research into a
subgroup of alpha papillomaviruses that in conjamctis responsible for
approximately 5% of human carcinomas globally, viiibal point being HPV16 and
18. Attempts have always been to distinctly idgrttifese viral types, typically known
as hr HPV, apart from the other 200 common HPMrstrthat generally produce only
noncancerous epithelial tissue damages. Persistaphgeal papillomas, which
seldom occur in children and adults, necessitatethodical surgical de-bulking to
permit breathing. Typical infections are incuratded in spite of being produced by
HPV11, a low-risk variant are linked to 1-3% risk developing into cancer if not

cleared up’®
I nfection

HPVs are ubiquitous, well acclimatized to their thasd intelligently isolated
from the immune system responses. Infections by HR®y be productive,

subclinical or latent in both mucosa and skin. Rapia viruses favored infecting

Page 29



Review Of Literature

differentiating squamous epithelium and virtualtyyaegion of skin can be targeted
in human beings. The causative relationship of H®&¥ervical carcinoma, and more
and more with the increasing numbers of squamolisaeinoma at alternate sites in
both males and females, is gaining recognition. BIBké categorises into three main
classes: mucocutaneous, cutaneous and those rdtatdte autosomal recessive

condition, Epidermodysplasia verruciformis (EV). Y

More than 120 distinct variants of HPV have beeamtdied so far; more than
40 of these variants invade the epithelial lay@&mgh¢ the mucosal areas like the
anogenital tract. In most of the subjects, infattiy HPV are not permanent and are
non-symptomatic with almost all new infections cieg up within the span of 2
years. Infection by HPV has been strongly evidentedbe the primary causative
agent of cervical carcinomas. It is unclear why HR#éctions get eliminated in few
subjects while in others they give rise to cervidaira epithelial neoplasias.
Numerous factors including individual sensitivistate of the immune system and
nutrition, exogeneous and endogenous hormones,cdobamoking, number of
offspring, comorbidity with other sexually accruedents like HIV,Chlamydia
trachomatis and herpes simplex virus type 2 as well as vitaibattes viz. HPV strain,
concomitant infection with other variants, virahth HPV type and viral integration

have been implicate§?

The whole papilloma virus comprises of a proteiatc@capsid) encircling a
circular, double-stranded DNA assembled as codimd) reon-coding sections. Eight
early (E1-E8) ORFs and two late (L1, L2) ORFs hbeen isolated from the coding
segment of most of the papilloma viruses. The éaRFs code for the proteins which

communicate with the genome of the host to syntleesew viral DNA whereas late
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ORFs are turned on subsequent to viral DNA repboaand code for the capsid
proteins of the viruses. Most of the papilloma se&s are necessarily intranuclear
beings with particular tropism towards keratinosyf€hree probable events can occur
after the entry of papilloma virus into the ce(ls) viral DNA remain as intra nuclear,
extrachromosomal episomes, which replicates alonth whe host cell in a
synchronous manner setting up a latent infectidnc@nversion of the latent infection
into a productive one with the congregation of thbkole infective virions; (3)
integration of viral DNA into the cellular genométhe host, a mechanism observed

in HPV infections related with malignant transfotina. "

HPVs are compact, double-stranded DNA viruses bhiag about lesions in
mucosal and cutaneous tissue and are accountablamgcers of the penis, vulva,
vagina and cervix. HPVs are categorized into 5 geraelding up to roughly 150
species that have been sequenced. Its genome tednsisan early (E) segment
coding for the viral regulatory proteins, a late) (fegment coding for the viral
structural proteins and a noncoding segment thaecessary for the viral life cycle.
In order for the infection to happen the virusaguired to access the basal epidermal
lining where subsequent to endocytosis and disasiyeof the viral capsid, the L2
protein facilitates viral genome transference irttee nuclei of proliferating
keratinocytes. The viral genome remains in theagpa@ configuration in the normal
life cycle and duplicates in a synchronous mannigh the host genome under the

influence of the viral proteins E1, E2, E4 and®5.

HPVs are compact circular DNA viruses that prodwasats. Infection by
high-risk anogenital HPVs like HPV 16 is linked htaman malignancies especially

cervical carcinoma. The life cycle of HPVs is deepled to the stages of
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differentiation of the host epithelial tissue anashwo different phases: the non-
productive phase and the productive phase. Duhiegnbnproductive phase, which
occurs in the crudely differentiated basal epitdebection of a wart, the virus
continues to maintain a low-copy-number of the eaclplasmid. In the productive
phase which happens as the host cell goes threugtinal differentiation, viral DNA

is multiplied; the capsid genes L1 and L2, arevatéid and expressed; and progeny
virions are generated. This phase of the viral difele depends on the capability of

the virus to dedifferentiate cells to assist DNAthesis.

Papilloma viruses code for multiple oncogenic pretdike E5, E6 and E7.
The HPV 16 genome comprises of eight viral genekingpfor six nonstructural and
two structural proteins. Three of the nonstructymalteins, E5, E6 and E7 are well
accepted as oncogenic due to their capability ter &kll in vitro and the E6 and E7
proteins produce tumors in vivo. The nonstructprateins E1 and E2 are implicated
in DNA amplification and the transcription of th&@al genome. E4 is speculated to
influence the duplication of the viral DNA indirécturing the productive phase. The

major and minor capsid proteins being L1 and Lpeetively.®

HPV initiates its life cycle by invading the basallls of the epithelial tissue
within cells that are replicating; the genomes iofises are duplicated, retained and
transmitted on to the progeny cells. The stratifipithelium hosts the HPVs. It is a
complex tissue made up of stratified layers of dawiding cells in several phases of
terminal differentiation, the topmost layer remaihe most differentiated. The cells
occurring at the lowest layer of this tissue alotiee basal cells, multiply. Even
though the lifecycle of the HPV starts with theasion of the basal cell, it becomes

complete only after the infected cell approachesugpper strata of the epithelium. As
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a consequence, the HPV DNA originally occurs inftheleus of an actively dividing
cell, but subsequently in that of a non-dividingffedentiating) one. This series of
chronological of stages of cell proliferation thets been regulated by the virus has
paved the way utilizing which HPV duplicates its BNver the various locations
throughout its life cycle. Soon after infection tye papilloma virus, copy number of
the viral DNA is increased to a particular leveD (® 400 per cell). Subsequent to
host cell differentiation, the viral DNA goes thgiuone more amplification cycle
leading to an elevated copy number of HPV DNA umtmdreds to thousands per

cell. This is succeeded by packing of the viral DN#o virus particles.>

Papilloma viruses (PVs) initiate their productivie Icycle in layered mucosa
or epithelium, where the undifferentiated multiplyi keratinocytes are the
preliminary targets for the productive infectionte virus. These groups of cells are
complex, comprising of numerous distinct cell vatsamost of which include tiered
sheets of keratinocytes in multiple stages of difféiation. The rest of the cells, up to
20%, include Merkel cells, melanocytes and Langesheells. There are two classes
of proliferating keratinocytes in the epidermisastty cycling undifferentiated stem
cells, and the cells having ability of transientltiplication in basal cell compartment.
These undifferentiated multiplying keratinocytese ahe preliminary target for
productive infections by the papilloma virus andiation of latent infection. Few
infected cells lose contact of the basal membram ascend into the suprabasal
section of multiplying cells, where they initiataténtly infected multiplying cell
groups. Ensuing sequences in the life cycle ofvihgs are essentially dependent on
the differentiation of the epithelium of the hoshe triphasic multiplication replica
has been suggested for PVs. A fruitful infection afkeratinocyte activates the

primary amplification of copy number of PV DNA. Bhis succeeded by the steady
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maintenance stage of the HPV genome per cell. Baént vegetative duplication of
the viral DNA is carried out. The HPV duplicatioyicte requires three weeks as this
is the time period necessary for the keratinoayteustain the complete differentiation

life cycle.®

Papillomaviruses target epithelial cells, and ipatelent on the epithelial
differentiation for fulfilment of their life cycleThe production of viral proteins is
tightly regulated as the affected basal cell mavéhe epithelial surface. Production
of E6 and E7 proteins in the lower epithelial geiides cells into S-phase, which set
up an environment that is beneficial for viral gereduplication and cell division.
Genome duplication, which is a requisite for theeasbling of infectious virions, is
stopped until the stage where viral proliferatioatgins rise, and is dependent on the

concomitant expression of numerous viral protés.

Papillomaviruses are a family of compact non-erpetb DNA tumorigenic
viruses whose infection generally gives rise toifperepithelial lesions (warts). Few
variants of HPVs, like HPV-16, 18 and 31, have b&mmtified as responsible for
cervical as well as anal carcinoma and the infastioy them, which are accrued via
sexual activity, are linked to more than 95% of veml malignancies.
Papillomaviruses target keratinocytes occupyinglihsal layer of tiered squamous
epithelia and multiply in the nuclear area of itéet cells in a manner which is
differentiation dependent. Viral protein productionthe affected cells relies on the
cell differentiation and is closely controlled ahet transcriptional and post-
transcriptional stages. A critical characteristiath papillomavirus transcripts is that

they are generally synthesized in bicistronic dygistronic configuration comprising
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of two or more ORFs and are poly-adenylated at eadboth early or late poly (A)

site.

The past decade has seen remarkable developmedtlimeating that the
complex viral gene expression is modulated atrdwescriptional level (through DNA
methylation) and specifically at post- transcripab level (via RNA splicing,
polyadenylation) and finally at the translation devCurrent understanding of the
MRNA configuration and RNA processing has supplgmine indications about

controlling the viral oncogene expressith.

In the cells which are infected, the HPV genomeucs@s extra chromosomal
component (episome) of roughly 8 kilobase pairs tlodles six to eight ORFs. Owing
to their restricted coding capability, HPVs aidsaViduplication by controlling the
host cell DNA duplication and repair mechanism. HRV lifecycle is closely linked
to epithelial differentiation of the host keratiytes, in which the productive stages of
the viral life cycle is limited to the terminallyifterentiating suprabasal tissue of the
epithelium. HPV invades the actively multiplying, ndifferentiated basal
keratinocytes of the tiered squamous epitheliunhdha speculated to be exposed due
to a micro-lesion. Two promoters of the viral gereerly and late, modulate the gene
expression and are triggered at different phas#eitife cycle. The HPV life cycle is

made up of three phases of replication.

The HPV target the multiplying basal cells of tieréd epithelium revealed
through a microscopical wound. Upon gaining entiggal genomes are set up in the
nucleus of affected cells as episomes, early praiteins (E1, E2, E6, E7) are
produced and the virus rapidly duplicates to 50-d@f@ies per cell. HPV episomes are

sustained at low copy number in an actively prodifing basal keratinocytes by
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duplicating in synchrony with the cellular DNA. Ale infected cell duplicates one
cell is retained in the basal layer, while the otbell ascends to the next layer and
triggers epithelial differentiation. Differentiatianitiates the productive stage of the
viral life cycle, leading to viral genome ampliftean to thousands of copies per cell,
the late gene expression and assembly of viriodssaibsequent release. The early
promoter stays active permitting continued expoessif the genes E6 and E7 in
differentiating cells. While differentiation convémnally led to an exit from the cell
cycle, the E6 and E7 proteins removes the cell ecyelgulations to make the
differentiating cells return to the cell cycle siyppg HPV access to the cellular
substrates necessary for productive viral repbeatExpression of L1 and L2 in the

topmost layers of the epithelium leads to the ab$eand release of virion§."”

The life cycle of high-risk HPVs is related to thgithelial differentiation with
virion production limited to highly differentiateduprabasal cells. Two main viral
promoters guide high-risk HPV gene expression ahelirtfunctions rely on
differentiation. The early promoter regulates egpien in undifferentiated cells and
triggers initiation of viral proteins at regions stggam of the E6 ORF. These
polycistrons code for E6, E7, E1, E2, E4 and E5 stiogh at polyadenylation sites
situated downstream of the E5 ORF. The viral pnstdtl and E2 have also been
evidenced to bind upstream of the early promotgma&snt and have varying roles in
episome replication and amplification. E1 bindghe origin of replication and has a
consequential helicase activity. E2 acts to loacduktb the viral origin and functions
as a regulator of early expression through seledtimding to four sites within the

upstream regulatory regiofi®
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Papilloma viruses display a strong epitheliotropesna specifically infect the
epithelial cells of the skin and mucus layers fersistent infection to happen, the
virus molecules must penetrate deeper epitheliedtastvia abrasion or other
microtrauma and infect basal cells that have thigyafor cell division (stem cells or
transient amplifying cells). The synthesis of irfeas virions (productive infection)
happens only in the homologous species and onhjighly-differentiated epithelial
layers. In the deeper strata, the early viral pnsteare synthesized. As the
differentiation increases amplification of the gem happens; expression of the
capsid proteins L1 and L2 happens in the uppettikezrad layers. These encircle the
viral genome compressed by cellular histones te gise to mature infectious viral
molecules which are finally released as the kevatites and sloughed off. The viral
E4 proteins are capable of destroying the intrdulzel filament network of the
keratinocytes. This system allows the secretiorthef viruses from sloughed off
keratinocytes without prior cytolysis and assodat@flammation and thereby

activate an effective antiviral immune response.

High-risk HPV can result in oncogenic activity iare cases. As the level of
dysplasia raises, viral DNA is also most frequectiynbined into the genome of the
host cell. The resultant over expression of theopmateins E6 and E7 give rise to
immortalization of the cell and instability of tlgenome. With the aggregation of
genetic alterations, malignant transformation cappgen and invasive cancers can

develop"™

Laryngeal carcinoma is the most prevalent headrauk malignant cancer
and its major pathological type is laryngeal squasnoell carcinoma (LSCC). In

recent years, the frequency of LSCC has been omigbe seriously threatening the
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life and health of humans. Numerous studies hadieated that infection with high-
risk HPV (specifically HPV 16 and 18) and the exgsien of the early coding genes

E6 and E7 may be critical risk factors for the desice of laryngeal carcinoma.

HPV infection majorly influences the incidence gmbgression of laryngeal
cancer by merging into the host cell genome, triggethe expression of proto-
oncogenes and inhibiting the expression of tumppeessor genes. Its DNA go into
the nucleus in a free state, and subsequently ratesg) into the host cells genome
immediately after HPV infection occur through thesrdpted laryngeal mucosal
epithelial cells to the host cells. The mergingled HPV DNA can result in genetic
mutation and gene expression anomalies of thed®dlst, which give rise to cellular
metabolic disorder and abnormal proliferation. Thgression of high-risk mRNA
has a critical role in the initiation and progresspf laryngeal carcinoma. Infection
by HPV triggers laryngeal carcinoma mostly duehte ¢levated expression of high-
risk HPV E6 and E7 proteins. When HPV infects lasal cells, it can result in
elevated expression of HPV E6 and E7 proteins Hyemgluencing the stability and

functioning of the proto-oncogenes and tumor suggmegenes directly or indirectly.

(80)

Risk factorsfor HPV infection and cancer

High-risk HPV are recognized as causative agentthfo malignancies of the
anus, cervix, vulva, penis, vagina and oropharBehavioral risks like number of
sexual partners, age at the time of first sexutdraourse, and partner's sexual
behavior are linked to an increased risk of infattby HPV, continuing of the
infection and the occurrence of neoplastic preaqutssions. HPV infection of the

genital tract is considered to be the most frequeually accrued virus. The
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frequency of this infection is dependent on the aige is greater in females between
the ages of 15 and 25 years. Continuous HPV imfecis necessary for cervical
carcinoma and its predecessor lesions. The elevetedf HPV infection in younger

females have been linked to the absence of adaptiveune reactions and or the
comparatively substantial area of cervical epitialideveloping into squamous

metaplasid®®?

Risk factors for HPV infection comprises of earlyset of sexual activity as
well as multiple sexual partners. Factors posingsk for viral persistence and
development to high grade cervical pre-cancers iandsive cervical carcinoma
encompasses exogenous agents like tobacco smdhkigly, parity and comorbid
infection with additional sexually transmitted iof®ns; viral factors viz. HPV
genotype, specifically HPV 16 and 18, viral loadl &PV types; and host cofactors

like factors associated with immune respofige.

HPV is evidenced to be the most prevalent sexua#ipsmitted infection
(STI). Since it is contemplated to be an STI, salvesk factors for cervical HPV
infection relate to the sexual behavior. Happenmbe under the age of 16 years at
the time of first sexual intercourse and higher hamof sexual contracts, long-term
use of oral contraceptives, smoking and HIV infectiraises the risk of HPV
infection. In comparison to cervical HPV infecticemal HPV infection is linked to
the sexual behavior in females, the number of dgxardners during the lifetime and
presence of HPV infection at the genitals were nteskto raise the risk of anal HPV

infection®

Cancer of the cervix is one of the chief malignascin the developing

countries like India. Considering this, health casehemes will have to be
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reconceived. Majority of the data are obtained frttra developed nations, which
depend mainly on cytology screening on routine $@Bhis nevertheless may not be
possible in developing nations due to of differamgnstraints. Thus, alternate
strategies are necessary based on risk reductitrodse The critical life styles linked
to cervical carcinoma and which are compliant tediamental prevention approaches
via health education, legislative strategies, bamalinterventions and modification
of the health care seeking behavior were recognizédse factors mostly concern
with early sexual debut, multiple sexual parthemenstrual hygiene and unprotected
sex. Influence of male partners has also beenidescin the mechanism involved in

cervical carcinogenesi€?
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Figure 7. Risk factor s associated with the development of cervical cancer. HPV,
human papilloma virus; CIN, cervical intraepithelial neoplasia; TLR, toll-like

r eceptor
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Infection by HPV is the most critical risk factanked to the progression of
cervical cancer. The risk of HPV infection is reltto a number of reproductive and
sexual factors, which additionally raise the risk the development of cervical

carcinomd®®
HPV related HIV infection

HPV infection of the lower genital tract is regaidss the critical factor in the
establishment of neoplasia. HIV infection seemamodify the natural history of
HPV-related oncogenesis, but its influence on gglegy has been described
recently. Anal HPV infection and anal squamousah#@pithelial tissue damage have
been established to be highly frequent among HIsitpe homosexual males and
women as well. HPV infection and related lesioresaso seen in body regions other

than anogenital area, specifically the skin and caity

HPV infections have crucial part in the etiopathoggs of the anogenital
carcinoma and its predecessors. HIV-infected stdbjslcow a high amount of HPV
DNA and further studies exhibit that HIV-infecteddividuals have an elevated
prevalence of squamous intraepithelial lesions X ®flthe anus, vulva and cervix.The
frequency of occurrence of cervical HPV is thricghler in HIV-positive females than
in HIV-negative females. Condyloma acuminate ar&+dBsociated benign epithelial
tumors detected on cutaneous layers chiefly thelteed of the non-oncogenic HPV
variants 6 and 11. Among HIV-positive females, treguency of HPV 6 and 11 is

remarkably high in comparison to the HIV-negatieenfiles?38")

HIV-positive males and females are at higher riskrgenital and oral HPV

infection. The risks for HPV-linked high-grade eepithelial neoplasia (IN) and
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carcinoma are also elevated. The frequency of oence of oral, anal and cervical
HPV infection in HIV-positive subjects is higher &incompared to the HIV-negative

subjects with progressively lower CD4+ levels, agslthe incidence of high-grade

IN. 47

Anogenital HPV infections continue to be highly fuent and persistent in
HIV affected subjects. HIV is linked to a variedelisity of HPV strains and a high
occurrence of anogenital cytological anomalies. prevalence of anogenital HPV-
associated cancers continues to be on the riséenhighly active antiretroviral
therapy age, increasing concerns regarding HPVciiies as a potential health
burden among HIV-infected subjects. Interfering smuas aimed at stopping HPV

infections with immunization require to be conteatpt in HIV-infected subject®)

HPV is a frequent sexually accrued virus and acatietiologic factor in head
and neck malignancies. HIV-infected subjects arehigher risk of developing
oropharyngeal cancers (OPC) when compared to timergle population. HPV-
positive OPC’s are also more and more a cruciadeai morbidity and mortality for
HIV-infected subjects in the era of efficient comdiion antiretroviral therapy. Oral
HPV infection is rarer than anal infection, and emdrequent among HIV-infected
individuals than the general population. Hencey@néon of OPC is critical in HIV-

infected subject€”
M echanism of HPV infection

HPV is the main etiological factor in the progressbf cervical carcinoma.
Dysregulation of viral gene expression and insigbibf the host genome play a
pivotal role in virus-mediated tumorigenesis. Vitalvents like viral genomic

integration and epigenetic alterations may resuthie dysregulation of viral as well
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as host gene expression. HPV integration is ieidiatvith a double strand break
brought about by either oxidative stress or by HPdeins and the ensuing steps are
guided by the response towards DNA damage. Oxielagivess and inflammation
could be regarded as cofactors in triggering vinéégration and dysregulation of

cellular and viral oncogenes through the develogrooervical malignancieS?

i) UNINFECTED EPITHELIUM iii) HIGH-RISK HPV INFECTION

A

Cell cycle entry and cell proliferation only in
the basal and parabasal cell layers stimulated
by growth factors (blue box). No cell cycle
enlry in the superficial cell layers.

E4JE7 expression slimulotes cell cycle enry
[but nol cell profiferation) in the upper
epilhelial layers allowing genome
amglification in low cond alse high-isk HPY
infections (green box). Basal cell proliferation
may shill be stimulated by growth factors os
shown for the uninfecled epithelium (blue
box).

In high-risk HPV infections, E&/E7 expression
stimulates additional cell cycle entry and cell
proliferation in the lower and middle epithelial
layers leading lo neoplasia [red box). E&/E7
also dive cefl cycle enlry in the upper
epithelial  layers 1o allow  genome

omplificafion as shown for low-isk HPY
infections (green box).

Figure 8. Regulation of Cell Cycle Entry and Proliferation in Infected and
Uninfected Epithelium

The functioning of the viral proteins influencee ttisease phenotype. This is
evident when the effect of the high- and low-rigk &d E7 proteins are taken into
consideration in the context of disease. Distiraitgrns of viral protein synthesis as
well as protein functions have a chief role in détj disease manifestation ensuing

infection (Figure 8).

Uninfected epithelium. In an uninfected epithelium (left), entry intollceycle (red
nuclei) and cell proliferation in the basal/paratda=ll strata is regulated by growth

factors that trigger the response of G1 cyclins oemgassing CyclinD/Cdk.

Page 43



Review Of Literature

CyclinD/Cdk phosphorylates pRb (Retinoblastoma gimt and dislodges it from
E2F, which permits the transactivation of genesiireg for progressing into S-phase.
According to this controlled stimulation of entranmto the cell cycle, pl6inkda
creates a negative feedback loop that reducesn&/clilk activity, thereby blocking
the over-expression of itself and other E2F-actidagenes (MCM, Ki-67, PCNA).
Due to this, levels of pl4arf stays low, which pgsnMDM to sustain its normal
function of degrading p53. The molecular mechangsrd their control are depicted

on the right of the diagrammatic representatiothefepithelium.

Low-risk HPV infection. In tissue damage caused by low-risk HPV variécgstre),

it is speculated that basal cell multiplicatiormsinly controlled by the presence of
growth factors, as is observed in uninfected epithre(left). The principal role of the
HPV E6 and E7 proteins in these lesions is to gemlecycle entry over the basal
layer to facilitate HPV genome amplification (reakctei in mid epithelial layers). It is
speculated to be dependent on the capability of t&7adhere to the Rb
(Retinoblastoma) family protein p130, and to remawvend the related E2F4 and the
five transcriptional repressors from target prommtaecessary for S-phase gene
expression (i.e., without the need for p130 phogghtion). The transcriptional
activators E2F1,2 and 3 can then engage thesetvsitesiand trigger the expression
of the host genes required for DNA replication gmmdgression through cell cycle
(e.g., PCNA, MCM, CyclinA, CyclinE). Cells produgjrHPV E4 protein are depicted
in dark green, with L1 expression depicted in ywell€ells in the proliferation cycle
are represented with red nuclei. The molecularamesdnvolved is depicted to the

right of the diagrammatic representation of theregium.
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High-risk HPV infection. In high-risk HPV infections (right), an auxiliargle of the
high-risk E7 protein results in the displacemente@F 4 and 5 from Rb and p130
without the necessitating Rb phosphorylation. Tdek lof effective blockage of cell
cycle progression by pl6ink4a can result in it awglation in the cell and thereby an
increase in MCM, Ki-67 and PCNA levels all over thécted epithelial layers. The
analogous increase in pl4arf levels amelioratesntirenal function of MDM in
degrading p53, which ultimately results in an ias® in p53 abundance. P53-
regualted cell cycle arrest is however impedechin piroliferative cell strata by the
high-risk E6 proteins, which is associated with P6And controls the ubiquination
and proteosomal degradation of p53. Recent invagsigs have indicated that few
biomarkers of high-risk HPV infection (such as pik&ia) may be also be switched on

by E7 utilising epigenetic programmiff§:*"
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Figure 9. (A) Structure and organization of HPV 16 genome. (B) Integration of
HPV genome into the host genome via disruption of the E2 gene leading to the
expression of the oncogenes E6 and E7. (C) Structure of E6 oncoprotein. (D)

Structure of E7 oncoprotein.

The HPV genome configuration and the oncogenedeirgy discussed here
with reference to high-risk HPV16 variant (Figune Bhe HPV16 genome is a 7.9 kb
long nucleotide chain, divided into three segmettts:early gene-coding section (E),
the late gene-coding section (L), and the long rebmegion (LCR), also called as
non-coding region (NCCR) or upstream regulatoryiaeg(URR). These gene
segments contain two polyadenylation (pA) siteslye@A (AE) and late pA (AL).
The B end starts with the early gene coding sectionciwhias six ORFs, namely E1,

E2, E4, E5, E6, and E7. E1 and E2 are demonsttatesjulate the replication of the
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viral genome and the transcription of early pradeiwhereas E5-E7 are the ones
which trigger oncogenesis. E5 is identified to helgkeratinocyte differentiation and
in avoiding immune response during the later stagdsereas E6 and E7 are
considered to be in charge of multiple cellular ddpmints to set up the cancer
hallmarks. The late gene coding segment has twaossc L1 and L2. L1 encodes a
major viral capsid protein, while L2 encodes a mivical capsid conformation. Even
though the 850 bp stretch of LCR does not includg protein coding region, it
encompasses the origin of replication and seveaattription factor binding sites for

the RNA polymerase Il mediated transcription.

HPV infection is initiated in the basal layer oethiered squamous epithelium,
wherein preliminarily E1 and E2 take charge of Wiral DNA duplication at a low
copy number. Subsequently, as the basal cellsreiffmte to form the epithelial
suprabasal layer, viral genome duplication shifte high copy number mode. After
this, the virions are released as a result of ef#hdesquamation, resulting in
infection of the neighboring cells. HPV genome t@neither integrated to the host
genome or stay independently in an episomal cordtgan. Around 83% of the HPV-
positive cervical carcinoma cases show indicati@nBlPV genome integration with
the host cell genom In situation of viral genome integration with thst
genome, this frequently results in the disruptibe® gene site. The E2 gene causes
repression of E6 and E7 genes, thereby making ssipte for E6 and E7 to get

activated upon viral genome integration into thetfgenome.

HPV E6 and E7 viral oncoproteins are critical inspimg the cells toward
tumorigenesis. In their mechanism of duplicating ¥iral genome, they induce all the

hallmarks of a cancer cell, like uncontrolled ceéivision, invasion, angiogenesis,
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metastasis, and unrestricted telomerase activityaddition to the avoidance of
apoptosis and growth suppressor activity. Numerdusvitro and xenograft
investigation have demonstrated that cancer celtengo senescence or apoptosis
when there is absence of E6 and E7 protein activitg proving that both proteins are

absolutely required for persistence of HPV-mediat@ttinogenesis>)
Cervical cancer

Cervical carcinoma is the second frequent typeaoicer in females globally,
next to breast cancer. Most females with cervicalciooma encounter a long
nonsymptomatic period prior to the disorder becarghinically conspicuous. Early
detection of anomalous cytologic alteration througlutine screening may avert

progression from pre-invasive to invasive condifi$h

Cervical carcinoma is the second most frequent gnahcies in females
around the globe, and comprehension of its caudesopathogenesis is broadening
swiftly. There are four main steps in cervical @aoena progression: infection of
metaplastic epithelium at the cervical transforowatizone, viral persistence,
progression of persistently infected epitheliuntcéovical precancer and invasion via

the basement membrane of the epithelititn.
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Figure 10. Cervical cancer (Source: https.//www.netmeds.com/health-

libr ary/post/cer vical-cancer -causes-symptoms-and-tr eatment)

Out of the several strains of HPV, more than 3@dtthe genital tract. The
relation between particular oncogenic (high-rislgriants of HPV and cervical
carcinoma is well evidenced. Even though HPV iseseary for the transformation of
cervical epithelial tissue, it is not adequate, amtmber of cofactors and molecular
phenomenon affects the progression of cervicalimamta. Early discovery and
treatment of pre-cancerous tissue damage can $tpptogression to cervical
carcinoma. In developing nations, cervical carciasms frequently the most

prevalent cancer in females and constitute up % 2%all cancers found in women.
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Cervical carcinoma is a malignant tumor that arisethe cervix and is
categorized into two histological variants, ademcice@ma and squamous cell
carcinoma (SCC); SCC is more prevalent and is resiple for 70% of all the cases.
In 2018 there were ~569,000 new instances of calrg@rcinoma diagnosed globally
and ~311,000 demises were ascribed to cervicaintana. Among these, between 84
and 90% happen in low- and middle-income count(i#dICs) like South Africa,
India, China and Brazil. The prevalent reason awvical carcinoma is continuous
infection produced by the sexually transferred hairpapilloma virus. Other factors
that promote the incidence of cervical carcinomeuide traditional practices and
beliefs, geography, the screening levels, healéh@cess, socioeconomic status,

public awareness, smoking, use of oral contraceptind co-infection with HI\?®

Cervical carcinoma is one of the main sources n€eadeath among females.
A bulk of the cases of cervical carcinoma reswtrfrHPV infection, with HPV DNA
detected in roughly 95% of malignant cervical lesioThe cervix is lined by tiered
squamous epithelium that protect the exocervix amacus-secreting columnar
epithelium an attribute of the endocervical cafide transition between these two
populations of cells is known the squamocolumnaciion, and it is this region that

is considered to be at the greatest risk of viegiptastic transformatiof®®

More than half a million females are confirmed tavé cervical cancer
annually and the disease is causative of over B @idaths globally. High-risk sub
variants of the HPV are the source of the diseas® bulk of cases. The disease is
preventable to a great degree. Medicaments depetitecextent of the disease at the
time of diagnosis and the locally accessible resssrand might include chemo

radiation or radical hysterectomy or a combinatdrboth. Progress in radiotherapy
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technique, like intensity regulated radiotherapyehéed to a decrease in treatment

associated toxicity for females with locally progsing diseasé”

Cervical carcinoma is one of the most frequent festigc disorders affecting
females, with a combined global incidence of alnt@dt a million fresh cases yearly,
next to breast cancer. In the course of the pasR0l%ears biological and
epidemiological investigation carried out have digob abundant proof for an
etiopathologic role for the infection with specitigpes of sexually transmitted HPV
as the main reason of cervical carcinoma. Othérfestors for cervical cancer like
smoking, use of oral contraceptives, parity, contbrhinfections and host
susceptibility traits should be delineated under dircumstances of mediation of
acquisition of HPV infection. Effectively all cepal cancer specimens encompass
HPV DNA which indicate that HPV infection is a peeuisite for causing cervical

neoplasid®®

HPV has been recognized as a chief factor thattsesucervical carcinoma,
even though HPV infection singly is not capablecalising the disease. In fact,
HPV-guided malignancy is a small probability phenomesioice most infections are
temporary and is cleared instinctively by the hiosthune system. With persistent
infection by HPV, a long time is required for pregsing into cervical carcinoma.
Hence, this long-time window gives golden chanaecimical intercession, and the
basis here is to delineate the tumorigenic patiewh the relevant targets during the

HPV-host interactio’®

Cervical cancer, chiefly caused by HPV infectianthe predominant cancer
in Indian females and the second frequent cancimiales globally. Although there

are numerous approaches of prevention of cervieatimoma, prevention by
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immunization is arising as the most efficaciousrapph, with the access to two
vaccines. Globally, high-risk variants HPV-16 ar&ichuse over 70% of all cervical
carcinoma cases (the most frequent one being HPs6h&rring 50-60% and HPV-
18 conferring 10-12%). Comparably, in Indian fersaliae most prevalent variants

are HPV-16 and 1831

The rapidly growing AIDS epidemic is currently olagping the high rates of
cervical carcinoma incidence and mortality in IndilV-infected females represent
one of the largest risk groups for the developmpnigression, and recurrence of
HPV- associated cervical precursor tissue damadearvical carcinoma. Prevention
of cervical carcinoma must hence include contermmatgarding alternate screening
approaches including low-cost methods like the Ualsinspection with acetic acid”
test (for which training can be provided to nursewives, gives on-the-spot results
and can relate diagnosis to treatment in a sinljlecal visit); in addition to the
modern advanced technology like the liquid-basedlogy (to enhance the detection
rates of conventional cytology), automated cytol@gyavoid procedural and reading
errors in conventional cytology, and to overcomee thack of trained
cytotechnologists), and HPV testing (for triage wbmen with abnormal Pap
smears)(28) utilizing self-administered swabs (&rsuring privacy and thereby
improving uptake of screening). A probable HPV wvaecthat might protect from
“high-risk” HPV subvariants could be the ultimatgdrvention tool and may be on
the horizon in the future years. The combining efvical cancer prevention in the
clinical management of HIV-infected females in ndind other developing nations is

thus a convincing priority.
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Reinforcing cancer screening, treatment, and cargices requires to be
prioritized by increasing the funding, mobilizatjcend public awareness. Reducing
the influence of the double jeopardy of HIV andvieal cancer will necessitate a
reassessment of current approaches, establishidgliges for enhancing preventive
clinical care, and realigning the efforts to combath disorders affecting millions of

females in India®V

Causes

Multiple factors have been indicated to raise thkelihood of the
establishment of persistent infection and ensuiadgjgnant transformation, inclusive
of use of long-term oral contraceptives, high patigarette smoking and coinfection
with type 2 herpes simplex virus or the HIV (96)PW infection is the chief risk
factor for the cervical carcinoma neverthelessetee few other factors which raises
the risk like the number of sexual partners, infecby sexually transmitted diseases,
age at first sexual intercourse, use of hormonatrageptives, age, parity, smoking,

food and diet*%?

There are two chief histologic variants of cervicancer, squamous cell
carcinoma (about 75%) which generally begins attthasformation region of the
ectocervix and adenocarcinoma (about 25%) whicteapm the glandular columnar
layer of the endocervix. The HPV is critical to thgression of cervical neoplasia
and can be identified in 99.7% of cervical carciast>®?It is generally caused by
chronic infection with high-risk variants of HPVHiefly the sub variants 16 and 18).
The HPV sub variants linked to squamous cancedtanct from those linked with

adenocarcinomg®*1%
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HPV cervical cancer

Cervical carcinoma is the most frequent malignaaéfecting females in
developing nations. It has been estimated to beatae for almost 2,60,000 deaths
annually and approximately 80% of them occur inalleping countries. Persistent
infection by specific oncogenic HPV strains is Bgly evidenced as the required to
cause most of the premalignant and malignant dptHesions of the cervix. There
are more than 100 identified HPV variants of whiobighly 15 cause carcinomas of
the cervix and other regions. HPV 16 and 18, theertvost frequent oncogenic strains
roughly cause 70% of all cervical carcinomas glgbal HPV is extremely
transmissible and it is contemplated as the mosvgbent sexually transmitted
infection in most populations. Even though mostdées infected with the virus turn
out to be negative within 2 years, women with psesit high-risk HPV infections are
at greater risk for contracting cervical cancenc8ithe recognition of HPV as the
requisite cause of cervical carcinoma, HPV-basgutagrhes have become pivotal
for novel primary and secondary cervical carcinopravention schemes by the
introduction of HPV testing and screening and oMHPmunization in prepubescent

girls and young femalé¥®

In recent investigation of the global burden of igr@dncies among females,
cervical carcinomas ranked second to breast calbergeneration of cervical cancer
is dependent essentially on the infection of theriné cervix with HPV that requires
to persist for many years and decades. The estai#ist of high-grade precursors and
cervical carcinoma appears to rely on the infectddra discreate cell population
situated at the squamo-columnar junction (SCJ)hat liorder between ecto and

endocervix. HPV 16 is crucial HR-HPV variant whiehlinked to roughly 50% of
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cervical carcinomas globally. HPV 18 ranks secatid-HPV varies from other HPV
strains by oncogenic attributes of two proteinsa@ E7 that may impede with cell

regulation and differentiation.

Age, STD Persistent HPV-Infection HPV-Type + load
Immunedeficiency CIN 1, CIN 2 Oral contraceptives

;P:;‘;y p;—.‘ / Immunedeficiency
Uik Rty Age, Parit
Smoking Aﬁo % __ 1025%\\ ‘Sooking
HPV-Infection o) i’: CIN 3
(CIN1/2) Integration
of HPV-DNA
Genetical
gfumber Factors
partners 32-51%
Healthy cervix > 7 years Cervical

for complete car cinogenesis g.g..r.‘.g_@.!'

Deutsches Arzteblatt (2006) 103:2946
Revised 10/2013

Figure 11. A model of the genesis of cervical cancer.

Figure 11 summarizes the four critical steps amuhtified co-factors for the genesis
from the initial permissive HPV infection to petsist transforming infection with the
development of true precursors (CIN3) that willgness to cancer in more than 30 %

of cased!?”

Epidemiologic research assisted by molecular tddgyohave imparted
adequate evidence for the casual function of sontV Hnfections in the
establishment of cervical cancer. The discovempissistent globally, HPV has been
suggested as the first recognized as the necesaasg of cervical carcinoma. Such
acknowledgement translates into the notion thaticar carcinoma does not develop

in the absence of persistent presence of HPV HfFA.
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HIV infection is linked to a higher risk of HPV pasity and cervical
intraepithelial neoplasia (CIN) which may develai cancer. Therefore, it is critical
to screen all HIV positive females for this canedrich is feasible to cure during the
early stages. HIV positivity and cervical neoplaara both frequent health issues in
India, the latter being the most prevalent gertiadt carcinomas in females in India,
with an appreciable prevalence of precursor inithefal lesions in the reproductive
age group. This is thus one of the few malignanewssch can be subjected to
preliminary prevention by screening tests. Cervisaleening tests should be
accessible to the general population, and speltyfittaHIV positive females, who are
at a higher risk of developing cervical cancerisltvell acknowledged that females
with AIDS exhibit a high incidence for cervical catoma. HPV 16 has been
established to be the most frequent strain andaappe initiate progression earlier
and more consistently than the other sub variartis is further magnified by the
immunosuppression in HIV positive females leadiing chronic persistent HPV
infection specifically with numerous strains sinaméously, which has more

probability to develop into invasive cancgf®
M echanisms of HPV car cinogenesis

Figure 12 represents some of the main componeritedfansition from HPV
infection to cervical cancer. While transient irtfens are generally subclinical,
progression is deeply linked to persistent presefceiral DNA. This mechanism
frequently falls in line with viral disruption irhé early (E) E1/E2 segments of the
viral genome and integration into the cellular DN&2 disruption let out the viral
promoters of E6 and E7 and raises expression gkth@nsforming genes. The E6

and E7 viral proteins are able to selectively degrthe proteins of the p53 gene and
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of the retinoblastoma (pRB) gene, resulting in ithectivation of two critical cellular

negative regulatory proteiff$®

Figure 12. Mechanisms of HPV carcinogenesis

LSIL — Low-grade squamous intraepithelial lesioRsSIL — High-grade squamous

intraepithelial lesions

Screening

Cervical carcinoma is the most prevalent malignaaoyongst women in
developing nations, chiefly due to absence of pmmuscreening. The lack of
screening is resultant of inherent disadvantagélseoPap smear: low sensitivity, high
cost, the requirement for laboratory with exempldmyman competence and a
composite screening program management practieaepfigcondition for screening in
a developing nation consist of screening approdel s inexpensive, and can be
constructively put to practice once during the tifee between ages 30-35 years, give

an immediate result and thus permit an on-sitertreat of positive cases. None of
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the present screening techniques is in accordantie these necessities. Further
research is required with different coalition oftse which enhance sensitivity. On-
site HPV detection, singly or in combination withpplemental tests, is promising.
Another encouraging occurrence is vaccination agaiPV infection, either as a

prophylactic measure or for triggering immunityirifected womert:*?

In the past decade colossal steps have been takbe direction of reducing
the frequency and mortality of cervical carcinonyaelxecuting various prophylactic
and screening programs. The causative factor agedciwith cervical carcinoma
progression and its instigator is HPV. Preventival acreening approaches for
cervical carcinoma is of utmost importance sinaedbility to detect and remedy the
illness at its pre mature phase generally intesrtipe progress into neoplasia. Almost
all HPV infections are eliminated spontaneouslye8ning for the disease is the best

preventive measure for cervical carcinoma.

The eventual aim of cervical carcinoma screenindoigletect high-grade
cancer instigator lesions and early non-symptomaiv@sive cervical carcinoma,
while evading the detection and needless medicatidransient HPV infection and
resultant nonmalignant lesions. The methodical estrgy with the Papanicolaou
cytological investigation (pap-smear) to identifyepnvasive cervical anomalies and
early-stage carcinoma has significantly decreakedrcidence and mortality linked

to cervical malignancies in the United States ahemindustrialized countrie§!**?

There are two classes of Pap smears, traditiorthliqnid-based cytology. In
the traditional technique cells are acquire frone theck of the cervix and

subsequently the cells are smeared on a glass $tidhe liquid-based cytology
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approach the cells are procured from the neck efctrvix, in lieu of being smeared

on a glass slide, they are put in a small gladsthéa holds preserving fluid:*?

The American Cancer Society in 2011, the Americaai&y for Colposcopy
and Cervical Pathology, and the American SocietyClinical Pathology refined the
screening guidelines for the early identificatidncervical cancer and its precursors.
The proposed screening approaches were cytology candesting (cytology in

combination with HR-HPV testing}:*®

Survival rates for malignancies of the uterine behave been boosted over
the past four decades hugely due to the influefsem@ening strategies such as Pap
smear. The capability to screen and medicate femfde pre-invasive disorder,
cervical dysplasia, is the crucial factor resultingthe decrease in the incidence of
invasive cervical carcinoma. The capability to feshale for the causative factor, the

HPV, has come out as a prospective screening fdaten

Contemporary research has been concentrated on appsaches for Pap
smear screening like thin layer technology, theipent intervals for screening, and
the relevant methods for including HPV testing itite screening program. Literature
reviews evaluating the efficiency of novel techmgés indicate that there is
inadequate data to confirm better outcome; neviesberesults till date demonstrate
that thin layer Pap smear methods may enhancetisépsio the identification of
cervical tissue anomalies. One of the crucial répgmethods for cervical carcinoma
screening include the novel Bethesda System forréperting of Pap smear put
forward by the American Society of Colposcopy anervizal Pathology. These

suggestions are inclusive of HPV testing based omudticenter investigation
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recording its efficiency in the triage of femaleghna standard squamous cell on Pap

smear#®

Quality assured and organized cytology-based strgeschemes have
significantly decreased cervical carcinoma incigemt several developed nations.
Nevertheless, there are substantial barriers fangng cytology-based screening
approaches, specifically in developing nations.sTas prompted the investigation
for new and alternative strategies to cytology gogvention of cervical cancer. The
probability of associating screening to therapyisingle visit approach seems to be

safe, achievable and effectuét?

The refined sensitivity and reproducibility of HRBNA testing for high-grade
cervical intraepithelial neoplasia (CIN) has resdlin widespread calls to launch it as
the primary screening test. The major concern leas lits reduced specificity, since
it cannot differentiate between transient and st infections, and only the latter
are linked to an increased risk of high-grade CiMd analignancies. Therefore, even
those in support of HPV testing normally suggedoitfemales above the age of 30
years (or in few cases 35 years). Strategies thagtlma useful, specifically the triage
tests, involve HPV typing, methylation (and consagusilencing) of host and viral
genes, and novel cytologic techniques, like"J¥8 staining, which attempts possible

identification of proliferating cell$3

Cytology-based cervical screening had unequivogetess in decreasing the
incidence and mortality of cervical malignanciesha last century. The identification
of the role of HPV infection as a prerequisite foervical cancer led to the
establishment of HPV testing. There has been augtahift from reflex HPV testing

for mild cytological anomalies, to co-testing witiitology and HPV, and recently to
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primary HPV screening, on the basis of the evidénme well-designed large-scale
randomized controlled experiments and meta-analyBegefits of primary HPV
screening involve increased sensitivity to idengifg-neoplastic lesions, enhanced re-
assurance with a negative test, and safe exten§iecreening intervals. Nonetheless,
clinicians and policy makers should make sure ttreessibility to clinically validated
HPV tests and triage protocols to screen positigses before implementing the
primary HPV screening. It is likely to decrease th@bable harm from excess-

treatment as well as additional burden on the healte organizatio’™®

Novel technologies for cervical carcinoma screenguk forward to provide
an accurate, efficient and cost-effective way ofogmizing females at risk for
cervical carcinoma. Contemporary screening utilized®V DNA testing in
combination with cytology and requires multipleitgsat a huge cost to the patient
and society. New approaches for screening involR¥ khvestigations (identification
of either the presence of HPV or integration of theus into the host cell), cell

multiplication and detection of epigenetic modifioas, either in the host or virus.

(116)

Globally cervical carcinoma is the leading causatigent of cancer associated
morbidity and mortality for over five decades, geal cytology has been the gold
standard for cervical carcinoma screening. The $Pagar is broadly accepted as the
model screening method. Since its initiation, meggearchers have investigated the
Pap Smear and observed that it is not without iitstdtions including reduced
sensitivity for identification of cervical intra gpelial neoplasia 2/3. In addition, the
evidence backing that infection with the HPV is essary for the development of

cervical carcinoma has resulted in the establishrmeHPYV testing as an auxiliary to
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cytology screening. Not too long-ago researcherse lmompared HPV testing and

cytology in the preliminary screening of cervicahcer*'”)

Evidence -based research have demonstrated thelt teahniques for cervical
carcinoma screening have an increased diagnostid yhan traditional cervical
cytology (Pap test). Automated screening machihas ttilize liquid-based, thin-
layer cytology and HPV DNA testing can possibly e the standard for the
regular preliminary screening for cervical maligo@s and its precursors in the®21
Century. The higher initial expense of the noeshniques will most likely be the
absorbed by establishing longer intervals for gaédiminary screening, in both low-

risk and high-risk populatiof:*®)

With the aide of both screening and early iderdiiien, cervical cancer is
preventable. Insufficient screening in low- and dkédincome countries (LMICs) lead
to increased rates of late-stage disorder uporicalirmanifestation. The disease
burden of cervical malignancies in LMICs is on tiee; options for prevention and
therapy are inadequate in quantity and quality avehsubstantial impact on this
tendency. On the contrary, for roughly more thdty fyears, nations with extra
resources have decreased deaths due to cervicajnaraties by broadening the
adoption of screening by Pap test. LMICs grappléh whe execution of Pap testing
owing to insufficient infrastructure for this cytay-based technique necessitating

well-trained technologists and pathologidte!
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Table 3. New Testsfor cervical cancer screening

Test Goals

Advantages

Disadvantages

Liquid-based/thin-layer
preparations (e.qg.
ThinPrep, AutoCyte
Prep)

Improve the quality of
the Pap smear

Decrease unsatisfactory
Pap smears

Increase detection of
cancer precursors

Computer-assisted
screening (AutoCyte
Screen)

Improve Pap smear
interpretation

Increase laboratory
productivity

Increase detection of
cancer precursors

HPV testing (e.g., Hybrid  Potential use in triage of

High-quality smear
for review

Improved transfer of cells
from collection device

Residual material may be
used for HPV testing

Increase cytotechnologist
productivity

May decrease
false-negative reports

Detect presence of

Cost

Increased detection
of low-grade lesions
in initial studies*

Retraining of
cytotechnologists

Cost

From studies on
PAPNET, increased
detection of
low-grade lesion™

Cost

Capture II) patients with ASCUS high-risk HPV types ASCUS/LSIL Triage
or noncorrelating Study Group indicated
colposcopy lack of utility for LSIL
Studies on ASCUS are
ongoing
Pap = Papanicolaou: HPY = human papiflomavirus: ASCUS = alypical squamous cells of undetermined signif

icance: LSIL = low-grade squamous intraepithelial lesion

*—There is controversy about whether this significantly benefits patients

Table 3 presents a summary of each tests includsgoals, advantages and

disadvantages.

The liquid-based /thin layer preparation arranganemonceived to resolve

the issues which occur during Pap smear slide psépa such as slides may be
impeded by poor sampling, uneven sample distributio improper fixation of the
slide. Critical findings may be masked by unevemnga distribution, cellular
clumping and debris. Benefits of the liquid-baseethmd involve improved transfer
of cells from the collection device and uniformity the cell population in each
sample. One of the agents that can impact the-fedgative rate of Pap smears is
whether anomalies that remain on the slide arectimteand interpreted accurately by
the cytotechnologist. Two approaches of computsised screening are currently

available: AutoPap and AutoCyte screen. With AumPthe device analyses the
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specimen on the slide and, on the basis of anidigoiincludes a variety of visual
attributes like shape and optical density of thikisc&he device generally does not

show the cytotechnologist which of the cells akell to be anomalous.

The Auto Cyte screen device displays cell imagea tmiman reviewer who
can then determine if a manual review is necesgetgr the human reviewer enters
the opinion, the device reveals its analysis basedanking as to whether manual
review is warranted. Once the human reviewer amdpeter reach an agreement if
review is not needed, a diagnosis of “within noriiraits” is given. Manual review is
warranted for any case so designated by eitheryfodogist or the computer ranking.

Hybrid Capturell is the latest refined version of HPV tests and beaen
described as having enhanced sensitivity. It cantity thirteen high-risk variants of
HPV, (20

HPV is an etiologic agent for cervical carcinomal ds the most frequent
sexually transmitted disease in females. PCR aiogibn of HPV genomes is the
most sensitive technique for the identificationcefvicovaginal HPV. PCR has been
evidenced to be the most sensitive approach farctdag HPV infection in clinical
samples. A number of distinct primer combinationgphlfying DNA segments from
various sections of the HPV genome have been estedl and utilized for the
identification of HPV. Primers amplifying DNA fragents in the conserved L1
sections have become the most broadly utilized linical and epidemiological
investigations. While contemplating the optimum P@iner system for utilizing in
clinical and epidemiological investigation shoultbcatake into consideration the
source of the clinical specimen, the length of B@R product, the spectrum of HPV
variants amplified, the capability to amplify sealeHPV strains, and the accessibility

to strain-specific probes for the detection ofidisttHPV genotypes and variants
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Figure 13. Screening model. A, Pooled HPV test with reflex LBC triage. B, HPV

genotyping test with reflex dual stain. HPV indicates human papilloma vir us.

High-risk HPV evaluation with reflex liquid-basedtology (LBC) triage:
Pooled high-risk HPV testing is a primary tool, seeded by LBC for females with
the high-risk HPV positive result. A cytology of 88)S or worse results in
immediate colposcopy. A repeat HPV testing at 12tm® will be conducted for HR-
HPV-positive females with normal cytology. If thesult of high-risk HPV is

negative, the subject will return for routine scrieg in 5 years (Figure 13 A).
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Human papilloma virus with 16/18 genotyping and leref dual stain:
Screening with HPV genotyping then referring toposicopy if the result is positive
for HPV 16 or 18. The dual staining is conductedases of other 12 high-risk HPV
positive and those with positive result underggostopy. For those who negative
dual staining, HPV testing will be done at 12 meanihterval. Females with a

negative result of HPV genotyping return to scregnin 5 years (Figure 13 B).

High-risk HPV testing and reflex dual stain: ushigh-risk HPV testing alone
every 5 years followed by dual stain if the ressilpositive for high-risk HPV. The
subjects with positive results of both high-risk HResting and dual stain will be
referred for colposcopy. Repeat the HPV test inmidghths for a woman with HR-

HPV-positive and -negative dual staining (FigureC)3
Prevention

A subclass of HPVs promotes anogenital carcinomaluding cervical
cancer, prevention and treatment strategies tlilctehe causal role of HPV are
being developed. Vaccines based on HPV virus-likelepules induce genotype-

specific virus-neutralizing antibody and stop irfec with HPV. ¢1122

Cervical cancer is a preventable disorder yet ram#ie frequent cause of
cancer mortality among females in poor nations.t@mporary research into alternate
methods for the secondary prevention of cervicatinama offers novel possibilities
for more affordable and implementable programsci§ipally ‘screen and treat’
programs that have been tested in randomized.tH#¥-based screening combined
with immediate therapy using cryotherapy remarkaldigcreases both cervical

carcinoma precursors and cervical malignancies.
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In addition to novel approaches to secondary pramenof cervical
carcinoma, the off late availability of two extreimeffective vaccines against HPV

infection has critical implications for future petion.™®

Cervical cancer impacts females in their reprodectages. Screening is
critical for secondary prevention strategy. The gloprocess of tumorigenic
transformation from HPV infection to invasive cangezes ample chances to identify
the disorder at a stage when treatment is higligceve. Appropriate screening tests
are cytology, visual inspection after acetic agiplecation and HPV detection tests.
Ensuring suitable therapy and follow-up of screesiive subjects is critical to the

success of the screening progréit)

Abundant evidence conclude that almost all casesepfical carcinoma are
attributable to persistent infection by a variahH®V specifically HPV-16 and HPV-
18.Even though cervical carcinoma screening, pilgnavith Papinicolaou (Pap)
smear, has decreased the incidence of this mabgndie detection of HPV as the
causative agent has created progresses that héiealcimpact on methods to
decrease the incidence of this disease. The figjress is the establishment of a
preventive vaccine. Ensuing second generation mascimay be able to protect
against oncogenic infections by a wider array ofVHRiriants. The second is the
introduction of HPV testing into screening program.women aged more than 30
years, HPV testing can detect high-grade cervitehépithelial neoplasia prior to Pap
smears with acceptable rates of specificity. Thedenmm which immunization and
screening strategies are combined should be cotd&dpcarefully so that they are

effective in decreasing the overall incidence of/wal carcinoma'*?”
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Two very efficient prevention methods for cervicalncer exist —
immunization against HPV and cervical screeninghwgrimary HPV testing
succeeded by treatment of precancerous lesions20i8, the World Health
Organization called for action towards attaining tjiobal elimination of cervical
carcinoma, and a strategic plan including elimoratyoals and targets for the scale-
up of HPV immunization, cervical screening and prexer and cancer treatment,
especially in low- and middle-income countries,| Wi presented to the 2020 World
Health Assembly. The first published estimatesdaté that attaining rapid scale-up
of both immunization and twice lifetime cervicafrsening in all nations would avert
up to 13.4 million cervical malignancy cases over mext half century, with the most

(but not all) nations achieving incidence of <4 p&6,000 women by 210>

Over the past four decades mortality due to camamf the cervix has
decreases as a result of improved treatment anidtitoeluction of national screening
strategies. Awareness and health-seeking pradimes been evidenced to be poor in
many developing nations, necessitating the need pgwper awareness and
immunization program. The HPV vaccination is of jputhealth importance. The
Indian Academy of Pediatrics Committee on Immunaai(lAPCOI) recommends
immunization with HPV vaccine to all women who cafford the vaccine.
Vaccination can be administered to females as yasng years to those aged 13-26
years who have not previously been vaccinated. eTlebivalent, Quadrivalent and
Nonavalent HPV vaccines available based on pratectigainst number of HPV
variants. HPV vaccination and regular cervical someg is the most efficacious way

to prevent cervical carcinoma.
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The HPV immunization is of public health importand@ompliance with
cervical Pap smear screening is less in India.vEteines available currently are safe
and efficacious. HPV immunization is now well acespin several nations and has
been incorporated in the immunization program. Triddan Academy of Pediatrics
Committee on Immunization (IAPCOI) recommends offgrHPV vaccine to all
females who can afford the vaccine. Since protactto provided only when the
vaccine is administered before infection with HRWe vaccine should be given
before to sexual debut. The vaccine should ideladlyintroduced to patients as a
cervical cancer-preventing vaccine and not as aira@gainst a sexually transmitted

infection 2%

The yearly global burden of cervical carcinomarevpntable disease, is more
than 530,000 new cases and 275,000 deaths, witlalse of them happening in low-
and middle-income countries (LMICs), where scregrior cervical cancer and early
medicament is rare. Broadly utilized in high-incom&tions, Pap smear (cytology-
based) screening is costly and demanding for impfeation in LMICs, where lesser
priced cost-effective alternate approaches suctisaml inspection with acetic acid
(VIA) and rapid human papillomavirus (HPV)-basedresning tests offer the
potential for scaling up prophylactic services. ®ammg HPV screening with VIA in
“screen-and-treat-or-refer” strategy provides thml advantage of HPV screening to
augment detection and applying VIA to sort for athed lesions/carcinoma, and
pelvic exam to address other gynecologic complaifite chief issue in LMICs is
comorbidity of HIV and HPV infection, which additially increases the risk for
cervical malignancies and marks a population witinsiderable need for the

prevention of cervical cancét?”
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In developed nations, due to the high rate of d&ysp| a thorough gynecologic
investigation including a pap smear has been stgges the initial assessment and at
subsequent appointments. Considering the dual bustiéllV infection and cervical
malignancies in India, locally possible screeniregommendations need to be
established on the basis of data on prevalenceenfical anomalies and HPV
infection among HIV positive females. This will aid the detection of the maximum
possible HIV positive women in early stages of GliNl decreasing morbidity due to

CIN and cancer in this category of subjeti3.

Comprehension that HPV is required for causing mos$t cervical
malignancies has led to two critical progresseshia direction of prevention of
cervical cancer, HPV immunization as a highly edfit preliminary prevention
program and HPV DNA testing as novel strategy tweening and/or management of
screen positive females. Many cervical carcinomevemtion strategies are currently
going through a critical transition stage, with iommzed females reaching the age of
screening and new molecular investigation beingdhed. The greatest advantage of
an integrated HPV immunization and screening gsatean be attained in a
systematic setting with immunization and screeniagords that permit tailoring
screening in accordance with the immunization stéthe specific female or to the

immunization coverage of the grotf®

Cervical malignancy is the fourth most prevalenhcga among females
globally and the second most frequent cancer imamavomen. India singly bears
23% of the worldwide cervical carcinoma burden. Tgwpulation-based cervical
carcinoma screening in India is mostly nonexistantmost regions owing to

competing healthcare priorities, inadequate fir@noesources and limited trained
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providers. Therefore, most of the cases are braeghotice at advanced stages of the
disease, thus resulting in higher mortality andrel@sed survival. Several screening
choices like cytology, visual-based screening aestirig for high-risk HPV are
obtainable. Numerous cross-sectional investigatieznge focused on the comparative
efficiency of distinct screening tests. Three catirandomized controlled clinical
trials from India have demonstrated the efficien€yscreening once during life time
with HPV DNA, one-time screening using VIA by traih nurses and four-time
screening with VIA by trained primary health workedecreasing the mortality due
to cervical carcinoma. Prevention of cervical madigcies with two-dose HPV
immunization and early identification of precanaesaervical lesions of the eligible
population via screening and relevant treatmena igingle-visit ‘screen-and-treat’

strategy appear to be encouraging for low-middieine countries including India.

(129)

Mortality Rate

Every year, more than half million females are d@ged with cervical
malignancies and the disease leads to over 30@@&&s globally. High-risk variants
of the HPV are the source of the disease in mosésalhe condition is mostly
preventable. Roughly 90% of cervical malignanciesuo in low- income and middle-
income nations that do not have organized screemingg HPV immunization
programs. In high-income nations, incidence of ioalvcancer and mortality have
more than halved over the past three decades gircaitiation of formal screening
programs. Treatment is dependent on the extefeoflisease at the time of diagnosis
and locally available resources, and might includeemoradiation or radical

hysterectomy singly, or a combination of both. Gowative, fertility-preserving
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surgical methods have become conventional of care&vémen with low risk, early-
stage condition. Progress in radio therapy teclyyldike intensity-modulated
radiotherapy, have led to reduced treatment- amsatitoxicity for females with
locally- advanced condition. For females with m&tas or recurrent condition, the

overall prognosis remains below p&F

The understanding that persistent HPV infectiothés chief cause of cervical
carcinoma has led to the establishment of prophiglattugs to avert HPV infection
and HPV assays that identify nucleic acids of timasv Cervical carcinoma remains
the main public health threat affecting middle-adechales, specifically in less-
resourced nations. The worldwide scale-up of HPVhimization and HPV-based
screeninginclusive of seisampling-has prospects to make cervical carcinoma a rare

disorder in the coming decadé&s”

Annually 260,000 women succumb to cervical carciapand roughly 85% of
these deaths happen in developing countries, whex¢he leading reason for deaths
due to cancer in females. inconsistencies of healthpoverty have a large influence
in the high mortality rate. While routine Papiniaol and HPV testing has
significantly decreased deaths due to cervicalicanta. Research on HPV DNA
testing and the low-technology procedure of “screewl treat” are encouraging.
Additionally, decreasing the cost and raising tleeeasibility of HPV vaccines in

developing nations bring about hope and promishamext generatioff*

Cervical malignancies remain the fourth most prewalcancer, affecting
females globally with substantial geographic vawieg in cervical carcinoma

incidence and mortality rates. Recent evidence msdde cervix carcinoma screening
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are being modified in high-resource settings frogiology-based screening to

accepting of molecular screening and contestiragtiin program effectiveness®”

Cervical carcinoma is the prime cause of deathtdua India, attributing to
17% of all cancer deaths in women of ages 30 toyé&®s. As per the current
incidence rates, the yearly burden of fresh cametdia is estimated to rise to
225,000 by 2025, however, there are some large;scedgulated cervical
malignancies prevention programs in the nationeResh and preventive programs in
India have reflected the feasibility and accepigbibf cervical cancer prevention
strategies and that screening approaches needuitgdi auxiliary human resources
and laboratory facilities can decrease the morpidihd mortality. Nevertheless,
further evidence generated by implementing basiearch is required to make certain
that efforts to prevent cervical cancer have thpeeted impact while being cost-
effective. With a quarter of the global diseasedeurof cervical cancer being from
India, there is no better time than the presertaoslate the research evidence from
bench to the bedside. Implementation science @hmagnsuring that investments in

cervical carcinoma prevention and control havegtieatest impact'*?

Cervical carcinoma remains the most frequent caaffecting Indian women.
India alone account for 25.41% and 26.48% of theldwyide burden of cervical
malignancy cases and mortality, respectively. kaly, dissimilar to most other
cancers, cervical carcinoma can be prevented veesimng by detecting and treating
the precancerous lesions, at any point during these of its long natural history,
thereby preventing the possible progression to icarvcarcinoma. Numerous
screening techniques, both conventional and nosehnologies, are available to

screen females for cervical precancers and canblerse of the screening tests are
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perfect and therefore the choice of screeningudste dependent on the scenario
where it is to be used. Likewise, several methadstizere for treatment of cervical
precancers and the selection of the method willeddpon the cost, morbidity,

necessity of reliable biopsy specimens, availabdftresources, etc.

The most common cancer type seen among Indian wasnegrvical cancer
and was estimated to have been the cause for 1B#&dsh cases and 72 825 deaths
in the year 2008. India chip in for around 25.4%l &6.5% of the world burden of
cervical carcinoma cases and mortality, respegtiv€he age-standardized rate of
incidence and age-standardized rate of mortalityckrvical cancers are 27.0 and

15.2, respectively, in Indian women.

Screening can decrease both the frequency and lityortaf cervical
carcinoma. The mortality due to uterine cervix @amtas decreased drastically in the
developed nations from the advent and the broadicagipn of cytology-based
screening with Pap smear test, established by @deagpanicolaou in the 1950s. In
India, till date, there is no regulated cervicah@ar screening program. Therefore, a
large proportion of these cases get noticed in ralvatages during diagnosis, when
cure is impossible. Screening for cervical carcinascrucial as the women do not

often experience symptoms until the disease hag@ssed**

The frequency and mortality rates of cervical gasaia around the globe are
13.1/16 and 6.9/18 respectively. In India, it is approximated thaere are 96,922
fresh cervical carcinoma cases and 60,078 deattes.incidence and mortality rates
are 14.7/10and 9.2/18) respectively, even though the frequency diffeithiw Indian
population. Most of the cervical cancer subjects geported at a late-stage of disease

in health-care facility owing to lack of awarenebata Memorial Hospital (TMH),

Page 74



Review Of Literature

Mumbai, India, a premier cancer institute is aideytcancer center in India.
On a yearly basis, out of 45,000 fresh cancersrtegoroughly 800-1000 fresh
cervix cancers are diagnosed, of which around 7&égive complete treatment at
TMH. The huge amount of data acquired gives an dppity to investigate and
estimate outcomes in terms of survival rates frdmical trials. In India, it is
approximated that there are 96,922 fresh cerviaaticoma cases (9.2%) having an
age-standardized rate of incidence of 14.7(ftfbore than the rates reported in several
nations across the globe) and 60,078 deaths doertacal cancer (8.4%) with a rate
of mortality of 9.2/18 based on data from World Health Organization, heéonal
agency for research on cancer. The rates incidefagancer cervix within India
exhibit variation. The incidence rates for cervicancer in major Indian cancer
registries are, 15.3 in Bengaluru (2012), 16.1 ansBi (2012—-2014), 15.9 in Chennai
(2012-2013), and 19.0 in Mumbai (2012) (Nationah€¢a Registry Programme.

Threeyear report of populatichased cancer registries 202Q14).
Treatment

The benefit of simultaneous chemoradiotherapy alvad® therapy alone in
subjects with cervical carcinoma has been recomed series of prospective
randomized trials. Individual trials have indicatit epirubicin and a combination
of mitomycin plus 5-fluorouracil are efficacious & administered together with
radiotherapy. Efficient management necessitatesifsqmly close monitoring of
hematologic parameters, electrolyte levels, flualabce, diet and social support.
Cautious coordination of care givers is criticalr foenefiting from adjoining
concurrent chemotherapy to radiotherapy. This shauery time be considered

against the risk of significant side effects, sfieaily in subjects who have profound
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coexisting medical issues that would have preveatatiscouraged enroliment in the

clincal trials®3¥

Drastic progresses have been possible in bractagherfor cervical
carcinoma. Radiation therapy designing has progoegsom two-dimensional to
three-dimensional, including computed tomographyl dar magnetic resonance
imaging into the treatment plan. This permits apl@xation and coverage of the

malignancies, as well as enhanced evasion of tlewding organs.

Brachytherapy includes the application of a radieacsource in close vicinity
of the tumor. In practice this permits directindnigh dose into the tumor relatively
sparing the surrounding normal structure. Brachwe for cervical carcinoma can
be carried out using an intracavitary, interstjttalcombination strategy. Intracavitary
brachytherapy includes placing the source of radieify using an applicator, via the
vaginal cavity, and thereby treat the upper vagaeayix and uterus. For interstitial
brachytherapy, catheters (small tubes) are kegtnih around the residual disease,

with a transperineal/ vaginal approdth

Most of the cases of cervical cancer are preveatbplregular screening and
therapy for precancerous lesions. The therapy nfica carcinoma is stage-specific.
While early-stage condition can be eliminated wébiotherapy or surgery, the most
efficient therapy for locally advanced stage subjsaconcurrent chemotherapy and
pelvic irradiation. Among several chemotherapedtics like, Carboplatin, Cisplatin,
Paclitaxel, Ifosfamide and Topotecan. Cisplatin desemed the most efficient
chemotherapeutic drug for advanced cervical cams@aolnorganic, lipidic and
polymeric nanocarriers are potential candidatestlier establishment of systemic

delivery systems in cervical carcinoma chemotheraffyeir appealing properties
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include low toxicity, biocompatibility, lower cleance rates, the ability to target
particular tissues, and controlled release of clibarapeutic agents. Nevertheless,
the toxicology of Nano-carriers in humans still wggqs to be fully investigated.
Localized delivery of chemotherapeutic drugs to tervix provide a several
advantages like efficiency and lesser side effeatsig to the direct delivery to the

site of tumor, which evades the systemic circufatd the chemotherapeutic drugs.

(136)

Cervical carcinoma is the second most frequentecémrsdeath due to cancer
in females worldwide and the establishment of nadi@ignostic, prognostic, and
treatment program deserve special attention. Ellengh chemo-radiotherapy and
surgery can heal 80%—-95% of females with earlyestzycinoma, the recurrent and
metastatic condition continues to be a chief sofwceancer death. Several attempts
have been made to develop novel drugs and desigm therapies to treat cervical
carcinoma. Recent research on therapeutic stratégie put forward several choices,
involving the role of HPV E6 and E7 oncogenes, Whace conserved and expressed
in most cervical carcinomas and their respectiveegexpression products are
significant for the initiation and continuance bétmalignancy. Other endeavors have
been concentrated on antitumor immunotherapy progralt is understood that
through the development of cervical carcinoma, @eseof anomalous events are
initiated, encompassing disruption of cellular eyatgulation, disruption of antitumor
immune activity, modification of gene expressiondalysregulation of microRNA

expression®™"
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HPVs are the main etiologic agents of cervical icemma. Therefore, cervical
carcinoma and other HPV-related malignancies camavested or treated by HPV
vaccines. Transference of papillomavirus can bertegteby the production of
antibodies against capsid proteins L1 and L2 thatinteract viral infection.
Nevertheless, since the capsid proteins are nthagized at identifiable levels by the
infected basal keratinocytes or in HPV-transformells, therapeutic vaccines mostly
target nonstructural early viral antigens. Two HéW¢ogenic proteins, E6 and E7, are
crucial to the initiation and maintenance of celilultransformation and are co
expressed in the most of the HPV-containing caroem Therefore, therapeutic
vaccines targeting E6 and E7 may furnish the besice for controlling HPV-linked
malignancies. Several potential therapeutic HP\ciaes are presently being tested
by which E6 and/or E7 are delivered to live vectordhe form of peptides or protein,
in nucleic acid configuration, as constituents binteric virus-like particles, or in
cell-based vaccines. Promising results from expemtal vaccination research in
animal models have given rise to several prophiglastd therapeutic vaccine clinical
trials. In case these therapeutic and preventivéd/ WBccines are successful in
subjects, as in the animal models, then tumor@eliV infection and other related

malignancies may be regulated by vaccinattéih.

Cervical carcinoma is a chief gynecological maladsich includes
unregulated cell division and tissue invasivendsheuterine cervix. With the access
to novel technologies scientists have increasedr thiedeavors to develop new
biomarkers for early diagnosis, and assessmeritesfpeutic schemes. This strategy
will aid in the establishment of early diagnosiglan elevating treatment efficiency

with reduced recurrence. The inquiry of specifiotpms, enzymes and metabolites
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will find more useful biomarkers for precise detent and management of

gynecological malignancies specifically cervicalaiaoma.*3?
Vaccination

Vaccination conventionally represents the most -effsctive strategy to
combat infectious disease. Two approaches to imration are considered:

preventive (prophylactic) and therapeutic immurniaat™*®

Viral vaccines that are currently licensed for usehuman beings are
prophylactic against the future confrontation witfectious virus. It is stipulated that
all prophylactic vaccines function via the syntBesf virus-neutralizing antibodies,
and markedly decrease the number of cells thairdeeted after encountering the
virus, and thereby prevent the clinical disordekdid with infection. Vaccines might
also be designed to eliminate cells that are pusWoinfected with virus. These
vaccines, recognized as therapeutic vaccines, maiebigned to initiate the antigen-
specific T-cell-mediated effector processes tha atilized by the host immune

system to regulate and eradicate viral infectiis.

HPV strain 16 in particular, has been linked witbrenthan 99% of cervical
carcinomas. The two HPV oncogenic proteins, E6 Bidd plays a critical role in
inducing and maintaining cellular transformatiorertde, immunotherapy focusing on
these proteins can be used to control HPV-linkedical lesions. As T-cell mediated
immunity is critical for eliminating the alreadytablished HPV infections and the
associated lesions, therapeutic HPV vaccine airgeradrating efficacious E6 and E7-

specific T-cell mediated immune responses. DNA washave been designed as an
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encouraging approach for antigen-specific T-cell dimed immunotherapy to

confront infection and canceét*?

Cervical carcinoma carries on causing significardrbidity and mortality
globally, making prophylactic cervical carcinomacemes critical for cervical
carcinoma prevention. The increasing availabilitytreese vaccines globally has the
likelihood to greatly reduce the frequency and ase burden in the future.
Prophylactic schemes involve focusing on more oanagvirus strains utilizing the
minor capsid antigen L2 and/or by raising the nundfezariants used to derive virus-
like particle vaccines. Therapeutic approacheslug/the establishment of vaccines
against HPV early proteins (targets for cellularmuomity) for the resolution of

precancerous lesions and cervical carcindta.

HPV is causatively linked to cervical carcinomae tfourth most frequent
malignant disease among females globally. The kshatent of first-generation
prophylactic HPV vaccines in numerous national uzatoon programs has
significantly reduced the global prevalence of H&arvical infections. The licensed
bivalent and quadrivalent L1(the major HPV capsitgin) virus-like particle (VLP)-
based vaccines (2vHPV and 4vHPV) is not withoutithtions, like a virus-strain
restricted protection, the inflated cost of mantiee, and a lack of therapeutic
activity on the already developed lesions. The séageneration prophylactic HPV
vaccines, consisting of alternate viral elemenép$omere or minor capsid HPV L2
protein) or produced by more cost-effective apphneacof production, are currently

under intense clinical assessmétit)
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A novel 9-valent HPV vaccine (9vHPV) was sanction®d the FDA in
December 2014 for females of ages between 9-26ratels of ages between 9-15.
Apart from the four HPV variants (6, 11, 16, and 48en in the quadrivalent vaccine
(viz., the variants that cause 70 % of cervicaticenma and 90 % of genital warts), it
consists of five additional oncogenic HPV variat8$, 33, 45, 52, and 58), which is
causative of an additional 15 % of cervical caroiao HPV infection is frequent and
is linked with several genital malignancies. Imnaation is effective for the
preliminary prevention of HPV infection, and theceatly licensed 9vHPV vaccine
will provide protection against multiple hrHPV vanmits when administered early,

prior to the onset of sexual activif§”

With crucial progress in delineating the infecticetsopathology of cervical
carcinoma, preventive medicine has procured higittymising novel tools. HPV
vaccines, in combination with a growing arsenaH®&/-based screening tests, have
the possibility to radically alter public healthtneed diligent, large-scale execution
to attain the final goal: the elimination of cemficarcinoma. Presently, there are 3
commercially available HPV vaccines: the bivalaatdeting high-risk types HPV16
and 18), quadrivalent (targeting HPV16, 18, and-isk types 6 and 11) and
nonavalent (targeting HPV6/11/16/18 and a furthéidgh-risk types), which have all
demonstrated excellent efficiency against cendeatinoma precursor lesions and, in

the case of the latter 2, against external gewiats. ™

Two vaccines approved globally are available indnd quadrivalent vaccine
(Gardasil™ marketed by Merck) and a bivalent vaecdi@ervarix™ marketed by
Glaxo Smith Klinef1%14% Both vaccines are synthesized by recombinant DNA

technology that generates non-infectious VLPs «timgj of the HPV L1 protein.
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Clinical trials with both vaccines have used e#ficty against CIN-2/3 and
adenocarcinoma in situ (AlS) produced by HPV vasapresent in the concerned

vaccine as primary end points.

Cervical carcinoma is one of the frequent cancesing threat to women's
health, and the persistent infection of high-risR\His closely associated with the
pathogenesis of cervical carcinoma and multipleogancers. The tumorigenesis is a
complex procedure from precancerous lesion to cameeich grants an excellent
window for clinical prevention, diagnosis, and treant. Nonetheless, despite several
preventions and treatments like HPV screening, ylgetic HPV vaccines, surgery,
radiotherapy, and chemotherapy, the burden of séseamains heavy globally.
Presently, three classes of prophylactic vaccigeadrivalent HPV vaccine, bivalent
HPV vaccine, and a novel nonavalent HPV vaccine cammercially available. Even
though these vaccines are efficacious in protectigginst 90% of HPV infection,
they grant limited advantages to remove pre-exjgtifections. Hence, new advances
have been made in the establishment of therapeatcines. Therapeutic vaccines
vary from prophylactic vaccines in that they aiminduce cell-mediated immunity

and destroy the infected cells rather than neatrgjiantibodie$:*®

HPV is known to be required for causing severalegyhogic malignancies
and is also linked to a subgroup of head and nealigmancies. This understanding
has created the chance to regulate these HPV-lickedinomas via vaccination.
Nevertheless, despite the availability of prophita&lPV vaccines, HPV infections
stays extremely prevalent globally. Additionallyhie prophylactic HPV vaccines
have been efficient in preventing infection, theg aot effective at eliminating pre-

existing HPV infections. Therefore, there is anamigrequirement for therapeutic and
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T cell-based vaccines to resolve existing HPV itfes and HPV-linked lesions and
cancers. On the contrary prophylactic vaccines, ciwhproduce neutralizing

antibodies, therapeutic, and T cell-based vaccareplify cell-mediated immunity

against HPV antigens. Due to the increased avéiialif HPV infections globally,

there is an urgent requirement to establish effectreatments for previously
developed HPV infections and HPV related disedaSes. potential treatment strategy
involves the use of therapeutic vaccines. Conti@yreventative vaccines, which are
intended to synthesis neutralizing antibodies axawiral particles, therapeutic
vaccines are meant to induce cell-mediated immespanses to particularly target
and Kkill infected cells. In many instances, as HiP¥ed lesions progress into cancer,

the HPV viral DNA will be merged with the host'srgeme.*47148)

RNA based varcine e  —
Vit TINA \“":':‘\-—
\ -

Dendritic Cell

Figure 14. Immune activation by ther apeutic HPV vaccination.

(ER — Endoplasmic Reticulum; MHC — Major Histocortipiity Complex; TCR — T

Cell Receptor; E6/E7 — Human Papillomavirus E6 BidProtein.).
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Administering of several strains of therapeutic HR&tcines results in the
introduction of antigen into the body in differeabnfigurations. DNA plasmids
coding for antigens (HPV oncoprotein E6 and E7) bartransferred into dendritic
cells via direct DNA vaccination or via infectiori altered live vector vaccine. The
DNA coding for antigens will be transcribed into RNwhich can also be introduced
into the cell via RNA vaccination. The transcrib&NA will be subsequently
translated into antigen proteins, or long peptidekich can be taken up by the
dendritic cells via phagocytosis following protein peptide-based vaccination. The
antigen proteins or long peptides are later prazkdy the proteasomes into short
peptides, loaded onto class one major histoconifgtioomplex (MHC |) inside the
endoplasmic reticulum (ER) to be presented to T egleptors (TCR) of CD8+ T
cells. Alternately, autologous dendritic or tumetls can be retrieved and prepared ex
vivo to express target antigen on MHC | moleculssweall as the required co-
stimulatory molecules and be introduced back tobibey (a process called adoptive

transfer) as whole cell-based vaccines for the ipgrof T cells.

Viral vectar Viral veclor

./%’\ \R A /&/\
a ¢ 0O O

Blood rellection
and T eell lsolatlon

2

Y
N e

Figure 15. Generation of Passive Immunity via adoptive T cell transfer
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A schematic representation of the process of Fladled vaccination is given
in figure 15. In short, autologous T cells are dedi from patients via PBMC
collection. The T cells are non-specifically prefiited (typically with CD3 and CD28
agonistic antibodies), followed by several proceteanduce antigen-specific T cells:
1) proliferated, heterogeneous T cell populatiom ¢ co-cultured with antigen
pulsed feeder cells (generally dendritic cells romdiated tumor cells) to select for
antigen-specific T cells, 2) expanded T cells cartransduced with DNA coding for
engineered T cell receptor that is specific to danéigen using viral vectors, and 3)
proliferated T cells can be transduced with DNAingdor chimeric antigen receptor
that is specific to the antigen. The resultantecteld or modified T cells can then be
introduced back into the patient for the generatidnimmune responses against

antigen-expressing cell¢#®)
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MATERIALS AND METHODS

Clinical Materials

Blood (Whole blood, Serum), vaginal Swabs.

Laboratory Materials

HIV detection kits (ELISA/ Spot), Viral Transportedium, PCR, Reagents.

Study design

The human research ethics committee at KLE Unityeisi Belagavi, India,
gave its approval for this cross-sectional studythwihe Institutional Ethical
Committee Ref no KLEU/Ethic/2012-13/D-4573 dated0B32013. The HIV Positive
and HIV Negative women aged 18-45 years (reprodeicige) who attended the
department of Obstetrics and Gynecology were iredudch the study group and
control group respectively. Women were excludednfrstudy group if they did not
have HIV, were under the age of 18 or were beybedage of 45, were unable to give
informed consent, or were unwilling to provide sdespf they were terminally sick
and had low CD4 counts. All study participants galveir informed consent after

receiving the study fact sheet and agreeing toigeocsamples.

Data and Sample Collection

Demographic data of all the participants were otdd and recorded in a
structured questionnaire which was approved by éetiécs committee through an
interview by a gynecologist. After collecting datad informed consent, participants

were subjected to a routine gynecological exanonatrhich included general, pelvic,
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and speculum examination and sample collectione@as the data provided by the
participants, they were counseled on the risk atigebehavior and provided with
contraceptives if needed. Return appointments efetrals were made as required by

the gynecologists.
Sample collection and methods
HIV Testing

HIV Tridot is an immunoassay that uses a blood $arfipm an individual to detect
HIV infection. This is a sensitive and rapid diagto test used to detect HIV1 and

HIV2 antibodies in serum and blood using specifiy'd and HIV-2 antigens.
CD4 cell count

A CD4 cell count is a laboratory test that measuhesnumber of CD4 T-
cells. The normal count is between 500-1500 ceits/rThis test is used by clinicians
to track the demolition of CD4 cells as well as #ificacy of antiretroviral therapy
(ART). The CD4 cell count has evolved as the bedication of disease progression
for physicians, and it is used to stage diseasegaidé medical therapy. As per the
Center for Disease Control and Prevention (CDG} dne of the indications for the
diagnosis of AIDS when the CD4 cell count fallsdvel200 cells/mm The reduction

in CD4 T cells can lead to opportunistic infectipasd it increases mortality.
Procedure

A CD4 count requires a blood sample, which is otadiby a routine blood
draw. The blood specimens must be processed witBinhours of the sample

collection. The absolute number of CD4 T cells bancalculated using a variety of

Page 87



Methodology

methods, but the immunofluorescence-based flownegtoy analysis is the gold
standard. Flow cytometry uses the binding of flabrome-labelled probes to specific
receptors present on the cell surface. CD4 T egdisstained with fluorescent-labeled
monoclonal antibodies that especially bind to tHe4Qeceptor present on the cell
surface and can be detected by a flow cytometea eslative percentage of cells
expressing the receptor on their surface. The teané reported as CD4 percentages,
and the absolute number is calculated by multiglyire percentage by the total white
cell count. The CD4 count is used to determine f@awHIV has progressed. CD4
counts should be performed on all patients who heen diagnosed with HIV for the

first time. 449

Pap test

This screening is used to identify the pre-cancemud cancerous processes
in the endocervical canal (transformation zonetheffemale reproductive system. In
this test, the cells are scraped from the cervidef@mination under a microscope. As
per American Society of Cytopathology guidelind® smears are collected with the
help of Ayer’'s spatula and cytobrush from the sqomn@lumnar junction. The
cellular material obtained is quickly smeared ariemn, grease free glass slide. Two
smears are prepared for each case. The glass atigléisen fixed by using 95% ethyl
alcohol. The smears are stained with Papanicolten and visualised under a light

microscope and are reported by a pathologist aouptd the 2001 Bethesda system.
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Figure 17. Normal Sqgaumous Epithelial cells Stainedith Papanicolaou stain.
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4

Figure 18. LSIL-Abnormal squamous epithelial cellsstained with Papanicolaou

stain.

Figure 19. Collection and storage of samples.

Cervical samples were collected from the transfoionazone of the cervix
using the DNA collection device (cytobrush), whistas rinsed in 20ml of
PreservCyt® vial (Hologic, Inc.). Samples were intiiagely stored at 4°C by
transporting them to the laboratory at the depamtnoé Microbiology, where they

were further stored at -20°C until DNA extraction.
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& Abnormal
| cells spread

into deep
cervical
tissue

Figure 20. (a) Normal Pap smear image (b) Image &fap smear with malignant

cells (c) overlapped cell clusters and artifacts

Colposcopy

Colposcopy and colposcopy-directed biopsies arallysused to evaluate
patients with abnormal Pap smear findings who dohawe a gross cervical lesion.
Following the treatment of 3% acetic acid solutithe cervix is examined under a
bright filtered light at 10- to 15-fold magnificati. Acetowhitening as well as the
vascular patterns characteristic associated withpldgia or carcinoma can be

detected. Colposcopy can detect both low-gradehajidgrade dysplasia.
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Figure 21. Colposcopy: A colposcope is a low-powdsinocular field, stereoscopic
microscope having a powerful light source that is sed for magnified visual

examination of the uterine cervix to diagnose cereal neoplasia**®

DNA extraction

DNA extraction from cervical samples was performesing the QlAamp
DNA Mini Kit (Qiagen Ltd, Crawley, UK). At 56°C, mjuots of 200 ul of samples
were treated for 10 minutes with 20 pl of protem& and 200 pl of AL buffer. To
execute DNA precipitation, 200 pul of ethanol (96%&s added to the digested
sample. The DNA was eluted in 200 ul of AE buffadatored at -20°C until further
use. Out of 214 HIV positive samples, 197 samplesewconsidered for further
analysis, as the remaining 17 samples were congdednOut of 100 HIV negative
samples, 96 samples were considered for furthelysiga as the remaining 04

samples were contaminated.

The QIAamp DNA Mini Kit was used to extract DNA frocervical tissues
(Qiagen Ltd, Crawley, UK). At 560C, aliquots of 206f samples were treated for 10
minutes with 20 | of K proteinase and 200 | of Alufter. To execute DNA

precipitation, 200 | of ethanol (96%) was addeth®digested sample. The DNA was
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eluted in 200 | of AE buffer and kept at -200C lngeded. Because the remaining 17
HIV positive samples were tainted, only 197 weresgn for further study. Because
the remaining four samples were compromised, o6lH®/-negative samples were

chosen for further investigation.

DNA Amplification

All the pre and post DNA extraction processes weagied out in separate
rooms and cabinets at the National Aids Researstitute (NARI), Pune, which were
located in different spaces so as to avoid furteeors due to contamination.
Contamination and errors were also monitored dutireg extraction process using

blank controls.

Sample processing for DNA extraction

DNA extraction of the cervical specimens was cdroat at the National Aids
Research Institute (NARI), Pune. Cervical lavagesas that were collected in
PreservCyt® and stored at -20°C were processediosafety cabinet in a laboratory
physically separated from where the PCR ampliftcatvas performed. DNA of both
HPV infected and non-infected cells was releasedybiyng cervical cell specimens
using lysis buffer supplied with the Roche AmplicdPV kit under denaturing
conditions at elevated temperatures in the preseinpmteinase K, followed by DNA

purification in columns with a silica-based memlgasing vacuum processing.
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Roche Linear array for HPV genotyping
The procedures were followed according to manufact instruction by

following manual provided with the kit.

The PCR-based amplification of target DNA using Lheear Array® HPV
genotyping test (LA-HPV) (Roche Molecular SysterRgasanton, CA, USA) is an
improved and commercialised version of the PGM} limlot assay (PGMY-LB).
This technique utilizes a pool of consensus L1 P@®IL1 primers which design to
amplify HPV-DNA from 37 genotypes. Following PCR pglification, biotin-labelled
amplicons were transferred to a well of the typiray containing a genotype strip.
The strips were washed and hybridised using th&dRibT48 automatic system. The
target DNA was detected by enzymatic and colorimekevelopment, and the Linear
Array HPV Genotyping Strip was visibly read by campg the pattern of blue lines

to the Linear Array HPV genotyping test referenaalg.

All the extracted DNA samples were subjected t@dmarray genotyping
assay (Roche Diagnostics, Indianapolis, IN, USA) farther amplification and
identification of the HPV genotype. This assay dwjseon PCR amplification of
target DNA using HPV primers followed by hybridizat of the amplified product to
oligonucleotide probes and their colorimetric datet Particularly, the master mix
contains the primers for the amplification of a 4§0fragment of the L1 region of
more than 37 HPV genotypes and a 268-bp fragmethiediumarg globin gene. The
detection and genotype determination were perforasgtg the denaturated amplified
DNA and an array of oligonucleotide probes, locatethe polymorphic region of L1
region that permitted independent identificationirdividual HPV genotypes. The

specificity of the test was established to inclndgative samples in each assay.
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Step Temp., Time | Number of Cycles
Hold 50 °C, 2 min 1
Hold 95 °C. 9 min 1
Cycle (set ramp rate at 50%) 95 °C, 30 Sec 40
55 °C, 1 min
72 °C, 1 min
Hold 72 °C, 5 min 1
Hold 72 °C,00 1
HPV Comtrol No 6 16 18 45 S6 S9 64 73 16 16 16 16 16 16 16 33 35 45
Genotype: - +16 HPV 12 31 39 45 51 70 =2 52 52 59
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Figure 22. Roche Linear Array HPV genotyping testl(A-HPV) for HPV

Polymerase chain reaction (PCR)
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FFPE cervical tissue HPV DNA Fragmentation

—

- ‘-
/

’-—

One step PCR

Double-nested PCR

*FFPE : Formalin-Fixed Paraffin-Embedded (FFPE Sample)

(Source https://www.sciencedirect.com/science/article/@#i2$5016118300852

Figure 23. Polymerase chain reaction (PCR)

At present, the vast majority of PCR investigatibase employed consensus
primers to amplify a wide range of HPV types iniege PCR amplification. The L1
capsid gene and other conserved sections of the g#P\dme are targeted by these
primers. The MY09 and MY11 primers are designethtget a 450-bp segment of the
HPV L1 ORF.®*%with an analytical sensitivity of 0.5 to 10 fg @200 copies),
the GP5+ plus GP6+ primers target a fragment insidearea targeted by MY09 and

MY11 (15150
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« Sample selection for testing with two different pnmers. Among the 214
women who attended the Obstetrics & GynecologyigliB3 samples yielded
positive results in the linear array genotype assayl these samples were
selected to test for HPV-DNA by PCR using the ddfd primers MY09/11

and G5/G6.

« Amplification of DNA with MY09/11 and G5/G6 primers: Two different
pairs of oligonucleotide primers were used in thisdy to detect HPV in
cervical samples that were MY09/MY11 and G5/G6otder to standardize
the amount of material used, equal volumes of DM&aet were used for
PCR with two different primers. PCR reactions fattbthe primers were
carried out separately by following the standardipeotocol according to the

manufacturer’s instructions.

An independent PCR reaction was carried out to dynible L1-region of the
HPV genome, using MY09/11 and G5/G6 primers. In fing reaction, MY09/11
primers were used in a mix containing Tag DNA Pdyase Master Mix
(QIAGEN®) and 10 pmol of PC04/GH20 primers. The BEH20 primers amplify
a 248bp product of the human-globin housekeepinge geAmplification was
performed with an initial denaturation step of 1Bt 95°C, followed by 40 cycles
(2 min of denaturation at 94°C, annealing at 55°@ih, and an extension step at
72°C/5 min) and a final extension of 72°C/10 min.dnother set of PCR, G5/G6
primers were used in a mix containing Taq DNA Pdyase Master Mix
(QIAGEN®) and 10 pmol of PC04/GH20 primers. Ampdtion was performed with
an initial denaturation step of 15 min at 95 °Gloiwed by 40 cycles (4 °C/1 min, 55

°C/1 min, and 72 °C/1 min) with a final extensioh#2 °C/5 min. Commercially
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available positive controls and water as a negatrdrol were used for both the PCR
reactions. After amplification, the products wehert visualized on 2% agarose gels

containing 10 pL of ethidium bromide/100 mL agarageder UV light*%?

Table 5: General primers sequences for HPV DNA detgion.

Primer Sequences* (5’-3’) Size (bp)
MY11 GCMCAGGGWCATAAYAATGG ~ 450
MY 09 CGTCCMARRGGAWACTGATC
G5 TTTGTTACTGTGGTAGATAC ~ 150
G6 GAAAAATAAACTGTAAATCA

MY09/MY11 and G5/G6 primers are commonly used inRP@ssays to
amplify the L1 region of the HPV genome. These prsneffectively amplify a broad
spectrum of HPV genotypes from cells obtained mvical smears. The MY09-MY11
primer set is a combination of 25 primers, eachwbich is produced with multiple
defective nucleotides and amplified into a 450bpdpict™?*°2%3The G5/G6 primer
set consists of a fixed nucleotide sequence fomh gagmer and produces an
approximately 150bp product and detects a broaderasf HPV types by using a

lowered annealing temperature during PER:1%?

The degenerated MY09/MY11 oligonucleotide primeesus. high annealing
temperature (55°C) and can amplify multiple type$iBV infections. However, the
G5/G6 oligonucleotide primer has a lower annealergperature (42°C) as compared
to the MY09/11 primer, allowing the best amplificat by single genotype HPV

infections!t24:152)
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Table 6. Detection of HPV using MY09/MY11 and G5/Gfrimer sets.

Process Temperature (°C) | Duration | Number of cycles

MYQ9/11 primers

Pre-denaturation 95 5min 1
Denaturation 95 15s
Annealing 55 1min 40
Extension 72 1min
Final extension 72 10min 1

G5/6 primers

Pre-denaturation 95 10min 1
Denaturation 95 30s
Annealing 42 40s 40
Extension 72 30s
Final extension 72 10min 1

As an internal control, DNA samples were subjedte®CR for human-globin gene
amplification, which uses PCO3 (5'CTTCTGACAACAACTGTTCACTAGC3)

and PCO4 (5 TCACCACAACTTCATCCACGTTCACCZ3') oligonedtides.
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Figure 24. Detection of HPV using consensus MY09/MM primer targeting
450bp L1 region. (Lane 1-4= Positive samples, M= @Bp marker, PC= Positive

control).

Figure 25. PCR using G5/G6 primers amplifies a 15@bregion. (Lane 1-4 =
Positive samples, PC = Positive control, M = 100bparker).
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Statistical Analysis

HIV positive

The statistical programme R i386.3.5.1 was usedanalyse the data.
Continuous data was represented in the form of me&D and the categorical
variables were represented by the frequency tablee association between
categorical variables is studied using the chi-sgtest. The variables that influence
HPV infection are studied using logistic regressidhe level of significance was

considered, §0.05.

HIV Negative

The statistical programme R i386.3.5.1 was usedarnalyse the data.
Continuous data was represented in the form of me&D and the categorical
variables were represented by the frequency tdble.Cochran Armitage trend test is
used to analyse trends. The crude odds ratio i@ issévestigate the variables that

influence HPV. The level of significance was coesetl, <0.05.
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RESULTS

Age and CD4 counts
 The mean age
e 33.93 +5.7 years for HIV positive women
» 32.07 £ 6.79 years for HIV negative women

« The median CD4 count in HIV positive women was 4&8ls/mn? with

interquartile range of 344-629 cells/rim

* ART (antiretroviral therapy) was used by 26% of Hgsitive women.
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HIV Positive patients

Table 7. Socio-demographic details of patients tesd for HIV

Group
Variables Total | p-value
HIV Positive (n=197) | HIV negative (n=96)
<20 0(0) 8(8.33%) 8
21-30 52(26.39%) 31(32.29%) 83
Age (in years) 0.00%
31-40 120(60.91%) 45(46.87%) 165
>41 25(12.69%) 12(12.5%) 37
Age (in years) 33.9345.6 (21-49) 32.07+6.78 (19-44 d.o1
lliterate 52(26.4%) 8(8.33%) 60
1-4 years 139(70.55%) 12(12.5%) 151
Literacy 5-10 years 0 47(48.95%) 47 0.00F
College 1(0.5%) 24(25%) 25
zrzgg\‘f 5(2.53%) 5(5.2%) 10
Housewife 58(29.4%) 52(54.16%) 110
Occupation Salaried 139(70.5%) 21(21.8%) 160<0.000f
Labour 0 23(23.95%) 23
Married 197(100%) 80(83.33%) 277
Divorced 0 7(7.29%) 7
Marital status [ \vidow 0 3(3.12%) 3
dis,\(l:?onsed 0 5(5.2%) °
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A total of 293 patients were screened in the study, of which 197 were

HIV-positive and 96 were HIV-negative (Table 7).

Out of 197 HIV-positive groups, 120 (60.91%) werged between 31-40
years. 52 (26.39%) were between the ages of 2Ir8(2& (12.69%) were4l years
old. The mean value was 33.93+5.6 (21-49 yearsge).aOut of 96 HIV-negative
groups, 45 (46.87%) were aged between 31-40 y8ar&2.29%) were between the
ages of 21 and 30 years, 12 (12.5%) wet# years of age and 8 (8.33%) wef2d
years of age. The mean value was found to be 38.08+£19-44 years of age). The p-
value was found to be 0.01t. The highest number, 120 (60.91%) were found to be
HIV-positive in the age group 31-40 years and neaee found in the age grouj20.
The highest number, i.e., 45 (46.87%) were in thé-ikgative group falls in the age

group of 31-40 and the lowest, i.e., 8 (8.33%xfallthe age groug20.

Out of 197 HIV-positive groups, 139 (70.55%) hatericy levels of 1-4
years. 52 (26.4%) were illiterate, and 5 (2.53%jemgraduates or above. Out of 96
HIV-negative women, 47 (48.95%) had a literacy mftdetween 5-10 years, and 12
(12.5%) were 1-4 years. 24 (25%) studied in collegd5.2%) were graduates or

above, and 8 (8.33%) were illiterate, and the prwatas found to be 0.001C.

Out of 197 HIV-positive women, 139 (70.5%) wereas@d and 58 (29.4%)
were housewives. Out of 96 HIV-negative women, B2 16%) were housewives, 23

(23.95%) were laborers, and 21 (21.8%) were salafike p-value was > 0.0001c.

None were found to be divorced, widowed, or nomalisse in an HIV-
positive group. In the HIV-negative group, 7 (7.29%ere divorced, 3 (3.12%) were

widowed and 5 (5.2%) were non-disclosed (Table 7).
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Table 8. Demographic details of HIV-positive patiats

Variable Mean Median Range
Number of family members 4.6 +2.7 4 1-28
Number of sexual partners 1.09 0. 1 0-3
Number of pregnancies 2.3+1.3 2 0-9

family members (Mean value-4.6+2.7), the numbes@{ual partners (Mean value-

The demographic details of HIV-positive patientacts as the number of

1.0940.3), and the number of pregnancies (Meaneval8+1.3) are tabulated in

Table 8.

Number of patients
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Figure 26. Graphical representation of Colpo findirgs among HIV-positive

patients

Out of 197 HIV-positive patients, the colpo findingvere as follows: 130

were normal, 26 were inadequate. The Cervical épithelial Neoplasia 1 (CIN1)

was found to be 30, CIN2 was found to be 2 and GMd8 found to be 9 (Figure 26).
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Figure 27. Graphical representation of PAP report anong HIV-positive patients

A Papanicolaou (PAP Test) was conducted among 197pHsitive patients.
The results were as follows: 147 showed inflammatesions. 42 cases were of the
low-grade squamous intraepithelial lesion (LSIL)datl cases were of the high-grade
intraepithelial lesion (HSIL). 2 cases were norn2atases showed bacterial infection,

and 0 cases showed hyperkeratosis (Figure 27).
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Table 9. Prevalence of HPV genotypes in HIV-positey patients, overall and

stratified by CIN status

Overall (n=86) Normal (n=53) % Irg:fileg;[:e CIN 1 (n=13) CIN 2 (n=2) (nC_I?) :;) P-
o, (0 0, - 0, 0, 0, (0 B
N% (95% ClI) (95% CI) (95% CI) % (95% ClI) % (95% ClI) (95% ClI) value
_ _ 51 46.15(19.05| 53.85(26.75,80. 80(44.94,10
Carcinogenic 50.3(48.92,69.69) 60.38(47.21,73.55 73.25) 95) 100(100,100) 0) 0.5757
Possibly 14 30.77(5.68,55.8
carcinogenic | 16.28(8.48,24.08) 15.09(5.46,24.73) 0 6) 0 40(0,82.94)| 0.1194
Non/Un 47 69.23(44.14| 53.85(26.75,80.
carcinogenic | 54.65(44.13,65.17) 52.83(39.39,66.27 04.32) 95) 50(0,100) 40(0,82.94), 0.851fL
. a7 61.54(35.09| 38.46(12.02,64. 60(17.06,10
Single 54.65(44.13,65.17) 58.49(45.22,71.76 87.98) o1) 0) 0.2693
. 39 38.46(12.02| 61.54(35.09,87.
Multiple 45.35(34.83,55.87) 41.51(28.24,54.77 64.91) 98) 100(100,100)| 40(0,82.94 0.2683
Carcinogenic HPV genotypes
17
q
HPV 16 19.77(11.35,28.18) 26.42(14.54,38.28 0 0 50(0,100) 40(0,82.94) 0.04
HPV 18 5 5.81(0.87,10.76) 3.77(0,8.90) 0 15.3%p, 0 20(0,55.06)| 0.2294
HPV 31 3 3.49(0,7.36) 5.66(0,11.88) 0 0 0 0 0651
17 23.08(0.02, | 38.46(12.02,64.
HPV 33 10.77(11.35,28.18) 13.21(4.09,22.32) 45.98) 91) 50(0,100) 20(0,55.06) 0.215P
15 23.08(0.02, | 30.77(5.68,55.8
HPV 35 17.44(9.42,25.46) 11.32(2.79,19.85) 45.98) 6) 50(0,100) 20(0,55.06) 0.2764
HPV 39 8 9.3(3.16,15.44 l1.32(2.79,19.85)7'698(3'22'1 7.69(0,22.18) 0 0 0.959
HPV 51 6 6.98(1.59,12.36)  7.55(0.04,14.66) 13K 0 0 0 0.5287
15 23.08(0.02, A
HPV 52 17.44(9.42,25.46) 11.32(2.79,19.85) 45.98) 30.77 50(0,100) 20(0,55.06 0.2924
HPV 56 4 4.65(0.02,9.10 7.55(0.04,14.66) 0 0 0 0 | 0.6107
17 30.77(5.68,| 30.77(5.68,55.8
HPV 58 10.77(11.35,28.18) 13.21(4.09,22.32) 55.86) 6) 50(0,100) 20(0,55.06) 0.317B8
HPV 59 6 6.98(1.59,12.36) 5.66(0,11.88) 0 15.3Hp 50(0,100) 0 0.093
HPV 68 2 2.33(0,5.51) 3.77(0,8.90) 0 0 0 0 >0.p9
Possibly’ carcinogenic HPV genotypes
HPV 53 6 6.98(1.59,12.36 7.55(0.04,14.66) 0 (QE2.18) 0 20(0,55.06 0.598p
HPV 66 2 2.33(0,5.51) 3.77(0,8.90) 0 0 0 >0.p9
HPV 67 2 2.33(0,5.51) 0 0 7.69(0,22.18 0 20(m6p | 0.1209
HPV 70 2 2.33(0,5.51) 1.89 (0,5.54) 0 7.69(0,32.1 0 0 0.6282
HPV 73 1 1.16(0,3.43) 1.89 (0,5.54) 0 0 0 0 >0.99
HPV 82 4 4.65(0.02,9.10) 3.77(0,8.90) 0 15.3&p,3 0 0 0.2899
Individual ‘Non-carcinogenic’ or ‘Unknown carcinogie’ HPV genotype
HPV 6 1 1.16(0,3.43) 1.89 (0,5.54) 0 0 0 0 >0.99
HPV 11 1 1.16(0,3.43) 0 7'69é?’22'1 0 0 0 0.3918
HPV 40 1 1.16(0,3.43) 0 7'69é?’22'1 0 0 0 0.3983
10 23.08(0.02, _
HPV 42 11.63(4.85,18.40) 9.43(1.56,17.30) 45.98) 15.38(0,35) 0 0 0.591
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HPV 54 2 2.33(0,5.51) 3.77(0,8.90) 0 0 0 0 >0.po
HPV 55 5 5.81(0.87,10.76)  7.55(0.04,14.6 )7'69g))’22'1 0 0 0 0.8721
HPV 61 8 0.3(3.16,15.44]  13.21(4.09,22.3P) 0 (EX2.18) 0 0 0.4993
7.69(0,22.1
HPV 62 6 6.98(1.59,12.36)  5.66(0,11.88) ) 7.69(0,22.18) 0 20(0,55.06)  0.8901
HPV 71 3 3.49(0,7.36) 3.77(0,8.90) 7'69g))'22'1 0 0 0 >0.99
HPV 72 6 6.98(1.59,12.36) 3.77(0,8.90) 0 1536, 50(0,100) | 20(0,55.06] 0.0495
HPV 81 1 1.16(0,3.43) 1.89 (0,5.54) 0 0 0 0 >0.99
HPV 83 2 2.33(0,5.51) 1.89 (0,5.54) 0 7.69(0,8p.1 0 0 0.6277
7.69(0,22.
HPV 84 8 9.3(3161544  943(156,1730) g 15.38(0,35) 0 0 0.892]
HPV CP6108| 2 2.33(0,5.51) 1.89 (0,5.54) 0 7.6%018) 0 0 0.6172
HPV 1S39 2 2.33(0,5.51) 1.89 (0,5.54) 7'69g))'22‘1 0 0 0 0.5952

A total of 197 cases with a mean age of 33.93+ye88s were considered for
the study, with 86 HPV-positive and 111 HPV-negativases. Out of 86 HPV-
positive cases, 53 had normal CIN and 13 were maate. 13 showed CIN 1, 2 had

CIN 2 and 5 had CIN 3.

It has been observed that, out of 53 normal CIN3®® showed carcinogenic
HPV whereas 53.85% and 10% of the 13 CIN-1 and sesdad carcinogenicity,
respectively. 47 (54.65%) of 86 HPV-positive cabesl single HPV, whereas 39
(45.35%) had multiple HPV. The HPV genotypes idediin descending order of
persistency were HPV 16, HPV 33, HPV 35, HPV 53] &PV 58. Using the chi-
square test with stimulation, it has been obsethietd HPV 16 and 72 are significant
genotypes detected in women with CIN lesions aspawed to those with normal
cervical status. HPV 53, 66, 67, 70, 73, and 82l@eHPV genotypes that are known

to be possibly carcinogenic (Table 9).
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Table 10. Association between participants’ charaetistics and prevalence of

HPV among HIV positive patients.

Single Multiple Non-HPV
Factor Any HPV HPV HPV HPV 16 16
Age (in years) 0.99(0.94,1.| 0.97(0.91,1.| 1.02(0.96,1.| 0.99(0.90,1.| 1.01(0.92,1
geliny 05) 03) 09) 09) 11)
. 0.50(0.02,5.| 1.57(0.07,1
Literate - - -
. 66) 8.25)
Education—:
llliterat
e Reference
Salarie | 0.90(0.48,1.| 0.63(0.31,1.| 1.59(0.71,3.| 3.30(0.87,2| 0.30(0.05,1
Occupati d 72) 30) 86) 1.69) .15)
on House
. Reference
wife
Ever Yes 4.47(1.01,3 i 1.01(0.21,7. i i
pregnanc 1.58) 37)
y No Reference
Number >3 0.86(0.39,1.| 1.14(0.45,2.| 0.73(0.25,1.| 0.88(0.18,3.| 1.13(0.31,5
of 87) 73) 91) 19) .43)
pregnanci| 3 or Reference
es less
Number 2o0r 1.80(0.73,4.| 1.34(0.47,3.| 1.41(0.47,3.| 2.12(0.53,7.| 0.47(0.14,1
of sex more 59) 51) 83) 11) .90)
partners 1 Referenc
Use of Yes 0.73(0.37,1.| 0.89(0.43,1.| 0.90(0.40,2.| 1.42(0.45,5.| 0.71(0.18,2
42) 90) 10) 41) .22)
contracep
tion No Reference
0.96(0.16,5.| 1.06(0.85,1.] 0.95(0.68,1.| 1.11(0.78,1.| 0.93(0.74,1
Screened| Yes :
53) 28) 18) 35) .28)
for CC
No Reference
STI Yes 1.10(0.52,2.| 1.30(0.5,2.9| 0.95(0.35,2.| 0.92(0.20,3.| 1.08(0.31,5
svmptom 34) 3) 37) 20) .11)
ymp No Reference
History Yes 1.64(0.55,5.| 1.45(0.42,6.| 1.83(0.45,1 ) i
of 57) 71) 2.39)
opportuni
stic No Reference
infection
. 0.99(0.96,1.] 1.01(0.99,1.| 1.01(.97,1.0] 0.98(0.95,1
0,
CD4 (in %) 1(0.97,1.02 01) 04) 5) 03)

*Absence of outcome like any HPV, single HPV isaken as a reference; 197

subjects were considered;

counts.

indicates that varieb are excluded as there are zero
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Note: 197 subjects were considered for the abdse.t&or single HPV, multiple and

HPV-negative cases are considered non-single HPV.

Using logistic regression, it has been concludedt tAvery pregnancy
significantly affects any HPV. Using the adjustefils ratio, it has been observed that
the odds of any HPV are 4.47 times higher for stibjevith a history of pregnancy

than for other patients (Table 10).
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Table 11. The association of prevalent carcinogenitlPV genotypes (present

alone or in combination with carcinogenic types) vih the risk of CIN2 and CIN3

in HIV-positive patients.

CIN 2 (vs<CIN1)

CIN 3 (vs<CIN2)

OR [95% CI]

OR [95% ClI]

Carcinogenic

4.31[0.67,84.07]

2.37(0.29,49.12)

Possibly carcinogenic 2.22[0.26,14.56] 2.60(0.282D
Non/Un carcinogenicity 0.63(0.11,3.33) 0.76(0099%.8
Single 0.54(0.09,2.71) 1.22(0.18,10.49)
Multiple 1.86(0.37,10.62) 0.82(0.10,5.69)

*OR is adjusted for age, Number of pregnancies,afssntraception and number of

CDA4 cells

From multivariable logistic regression, it has beemcluded that the appearance of
carcinogenic, possibly carcinogenic, non/un camgémic, and single HPV and
multiple HPV is not significantly associated withINC2 as well as CIN 3,

respectively, keeping other terms constant (Tab)e 1

Note: Normal and inadequate CIN is considereck&dN1"
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Table 12. Comparison of the PAP test with MY9/11 ath G5/G6 primer sets

among HIV-positive patients.

Positive Negative P-Value

MY9/11 64 132
0.62\/|cNem

G5/G6 66 130

The MY9/11 and G5/G6 oligonucleotide primers wesedl for HPV-DNA
PCR analysis. Out of 196 HIV-positive cases, 64 ewdetected as positive by
MY9/11 and 132 were detected as negative. 66 wetecttd as positive for the
G5/G6 primer, and 130 were detected as negativeshmvn in Table 12, no
significant difference was observed when the p&akas compared between the 2
groups (the p-value was 0.62McNem). 86 cases waredf to be positive for HPV
and 110 cases were found negative in the Pap te=t wompared with MY9/11 (64
cases positive and 132 negative) and G5/G6 tedisc&es positive and 130

negative).
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Table 13. Diagnostic efficacy of MY9/11 and G5/G6rpners

HIV positive
Sensitivity Specificity PPV NPV
cases
72.42 % 100.00% 17.06%
MY9/11 (63.87% to (96.70% to 100.00% | (12.55% to
83.22%) 100.00%) 22.78%)
0, 0, 0,
76.74% 100.00% 100.00% 18.45%
G5/G6 (66.39% to (96.70% to (13.36% to
85.18%) 100.00%) 24.94%)

The sensitivity in detecting HPV DNA between twanper sets, MY9/11 and
G5/G6, was found to be 72.42% and 76.74%, respgtiihe specificity for both
primer sets was 100.00% among HIV-positive casestabulated in Table 13, the
PPV (Positive predictive value) and NPV (Negativedictive value) were found to

be 100%, 17.06%, and 18.45%, respectively.
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HIV Negative patients

Table 14. Demographic details of HIV-negative patiats

Variable Mean Median | Range
Number of family members 4.8+1.9 4 1-13
Number of sexual partners 1.03 £0.26 1 0-2

Number of pregnancies 1.84 £1.0p 2 0-4

The demographic details of HIV-negative patientschsas the number of
family members (Mean value: 4.8%£1.9), number ofuséxpartners (Mean value:
1.03+0.26), and number of pregnancies (Mean valu@4+1.02) are tabulated in

Table 14.
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Figure 28. Graphical representation of colposcopfinding among HIV-negative

patients

Out of 96 HIV-negative patients, the colposcopyiimys were as follows: 80
were normal, 6 were inadequate. Cervical Intraefih Neoplasia 1 (CIN1) was

found to be 10. None was found for CIN2 and CINFig(gre 28).
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Figure 29. Graphical representation of PAP test anmg HIV-negative.

A Papanicolaou (PAP Test) was conducted among S6ndbative patients.
The results were as follows: 47 showed normal, fftammatory lesions, 5 cases
were of the low-grade squamous intraepithelialolegiLSIL), and none of the high-
grade intraepithelial lesion (HSIL), bacterial icfien, and 3 cases showed

hyperkeratosis (Figure 29).
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Table 15. Summary of the Socio-demographic data

HPV (based on genotype result)

Factor Sub-category Overall
Yes(n=13) No
19-24 14 (14.74% 3(21.43% 11 (78.57%)
25-29 14 (14.74% 2 (14.29% 12 (85.71%)
Age group 30-34 29 (30.53% 4 (13.79% 25 (86.21%)
35-39 20 (21.05% 1 (5%) 19 (95%)
>40 18 (18.95%) 2 (11.11% 16 (88.89%)
Married 81 (84.38%)| 12 (14.81¢ 69 (85.19%)
. Divorced 7 (7.29%) 0 (0%) 7 (100%)
Marital status .
Widow 3 (3.13%) 0 (0%) 3 (100%)
Not disclosed 5 (5.21%) 1 (20%) 4 (80%)
01-Feb 5 (5.21%) 1 (20%) 4 (80%)
No. of family 03-Apr 45 (46.88%) 7 (15.56% 38 (84.44%)
members 05-Jun 32 (33.33% 3(9.38% 29 (90.63%)
>7 14 (14.58%)| 2 (14.29% 12 (85.71%)
. Literate 88 (91.67% 11 (12.5% 77 (87.5%)
Education _
llliterate 8 (8.33%) 2 (25%) 6 (75%)
- Yes 12 (12.5%) 2 (16.67% 10 (83.33%)
Addiction
No 84 (87.5%) 11 (13.1% 73 (86.9%)
Yes 87 (90.63%)| 12 (13.79¢9 75 (86.21%)
Ever pregnan
No 9 (9.38%) 1(11.11%) 8 (88.89%)
No. of 1 26 (29.89%)| 6 (23.08% 20 (76.92%)
pregnancies
(Among evel
pregnant 2 38 (43.68%)| 4 (10.53% 34 (89.47%)
women)
3 17 (19.54%)| 2 (11.76% 15 (88.24%)
4 6 (6.9%) 0 (0%) 6 (100%)
Number of 0 0 0
live births 0 2 (2.3%) 0 (0%) 2 (100%)
(Among evel
pregnant 1 40 (45.98%) 8 (20%) 32 (80%)
women)
2 30 (34.48%) 2 (6.67%) 28 (93.33%)
3 14 (16.09%)| 2 (14.29% 12 (85.71%)
4 1 (1.15%) 0 (0%) 1 (100%)
Age of T Minor 7 (7.29%) 3 (42.86%) 4 (57.14%)
vaginal 18-22 65 (67.71%) 10 (15.38¢ 55 (84.62%)
Intercourse 23-27 18 (18.75% 0 (0%) 18 (100%)
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28 and above 4 (4.17%) 0 (0%) 4 (100%)
Never 2 (2.08%) 0 (0%) 2 (100%)
No. of sexual 1 89 (92.71%)| 12 (13.48%j) 77 (86.52%)
partners
(Excluded Z 0 0 0
subjects) 2 5 (5.21%) 1 (20%) 4 (80%)
Use of Yes 70 (74.47%)[ 10 (14.29%) 60 (85.71%)
Contraception No 24 (25.53%) 3 (12.5%) 21 (87.5%)
Type of | Birth control | ;505 0 (0%) 14 (100%)
contraceptive pill
(Among
subjects who| Injectable
; 6 (8.57%) 2 (33.33%) 4 (66.67%)
used contraceptive
contraception
Condom 51 (72.86% 9 (17.65% 42 (82.35%)
Diaphragm 0 (0%) - -
Copper-t 39 (55.71% 6 (15.38% 33 (84.62%)
Others 1 (1.43%) 0 (0%) 1 (100%)
Peri_od of Month 14 (20%) 3 (21.43%), 11 (78.57%)
using
contraception Year 56 (80%) 7 (12.5%) 49 (87.5%)
Use of contra Yes 31 (44.29%) 2 (6.45%) 29 (93.55%)
In last month No 39 (55.71%)| 8(20.51% 31 (79.49%)
Screened for cervical cancer - -
How many times screened - -

Genotype Result: "No" is considered as HPV absent.

A total of 96 cases, with a mean age of 32.07+§&&s, consisting of 13

HPV-positive cases and 83 HPV-negative cases, e@rsidered for the study.

It has been observed that most of the cases atieeiri30-34" age group,
followed by "35-39" years. About 81 (84.38%) womeeare married, of which 12
(14.81%) had HPV. 88 (91.67%) been literate, ofahil (12.5%) had HPV. 8
(8.33%) been illiterate, of which 2 (22.5%) had HA (12.5%) women had some
addiction, of which 2 (16.67%) had HPV. Out of 9éses, 87 (90.63%) had
pregnancy at least once, of which 12 (13.79%) h&YV tnd 75 (86.21%) had no

HPV. Among ever-pregnant women, 26 (29, 89%) had pregnancy, of which 6
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(23.08%) had HPV, and 38 (43.68%) had two pregranevith four (10.53%) having
HPV. Only six (6.97%) had four pregnancies. 89 792) had only 1 sexual partner,
of which 12 (13.48%) had HPV (2 cases excluded)of704 cases who had sex at
least once used contraception. 14 (20%) used buwtitrol pills, 6 (8.57%) used
injectable contraceptives, of which 2 (33.33%) hdE®&V. Different types of
contraceptives such as condoms, 51 (72.86%) of hwiic(17.65%) had HPV,
followed by Copper-t 39 (55.71%) of which 6 (15.38%&d HPV. Condoms and

Copper-t are the common types of contraceptived (Bable 15).
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Table 16. Prevalence of HPV genotypes in HIV-negat patients, overall and

stratified by CIN status

Genot Overall Grading PI_
enotype 0 0 valu
N%[95% CIl | 14(n=7) 2+(n=5) 3+(n=9) | 4+(n=2)| o
12
. . 28.57(6.47,64| 20(2.25,62.| 88.89(58.55,| 50(6.08,9| 0.03
Carcinogenic 52.17;?12).52,71 77 86) 98.77) 3.92) 9%
3
Possibly’ 20(2.25,62.| 11.11(1.23,4| 50(6.08,9 | 0.14
carcinogenic 13'04(%81'30'8 0 86) 1.45) 3.92) 85
8
Non- 71.43 60(20.94,9 0.00
carcinogenic 34'78(111?02’55 (35.23,93.52) 0.56) 0 0 24
Carcinogenic HPV genotypes
2 22.22(4.93,5 0.26
HPV 16 8.7(1.85,25.09) 0 0 4.38) 0 8
10
28.57(6.47,64{ 20(2.25,62.| 66.67(34.78,| 50(6.08,9| 0.14
HPV 59 43.48(24.99,63 P 86) 89.58) 3.02) p
50)
Possibly’ carcinogenic HPV genotypes
2 20(2.25,62. 50(6.08,9 | 0.26
HPV 53 8.7(1.85,25.09) 0 86) 0 3.92) 8
1 11.11(1.23,4 0.44
HPV 70 4.35(0.47,18.5) 0 0 1.45) 0 42
Individual ‘Non-carcinogenic’ or ‘Unknown carcinogenic’ HPV genotype
1 14.29(1.59,50 0.19
HPV 42 4.35(0.47,18.5) .08) 0 0 0 18
1 14.29(1.59,50 0.19
HPV 54 4.35(0.47,18.5) .08) 0 0 0 18
1 14.29(1.59,50 0.19
HPV 61 0 0 0
4.35(0.47,18.5) .08) 18
2 14.29(1.59,50| 20(2.25,62. 0.25
HPV 62 8.7(1.85,25.09) .08) 86) 0 0 42
2 14.29(1.59,50 20(2.25,62. 0.25
HPV 72 8.7(1.85,25.09) .08) 86) 0 0 42
1 20(2.25,62. 0.78
CcPo6108 4.35(0.47,18.5) 0 86) 0 0 71

*Cases with multiple genotypes are considered iddadly as a grade is provided for

all genotypes in a case with multiple genotypes.
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It has been observed that out of 23 HPV-positisesa7 cases had a grade of
1+, 5 cases had a grade of 2+, 9 cases had a gf&de and 2 cases had a grade of
4+, Out of 7 grade 1+ cases, 28.57% had carcinogéRV, whereas 20% and 89%
of grade 2+ and grade 3+ cases had carcinogenic, Hé8pectively. It has been
observed that HPV 59 is the most common genotygewed by 16, 53, 62, and 72.
Using the Cochran Armitage trend test, it has beencluded that there is a
significant linear increasing trend in the propamti of carcinogenic and non-
carcinogenic genotypes over grade. p-value of #reimogenic HPV genotype, i.e.,
0.0396, is considered significant over the non4icagenic HPV genotype (p-value-

0.0024) (Table 16).
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Table 17. Association between participants, charaetistics, and presence of HPV

among HIV-negative patients.

Factor Any HPV Single HPV M:f'lg\p/le HPV 16 Non-HPV 16
. 0.92[0.83,1.0| 0.93[084,1.0| 0.85[0.64,1.0| 1.16[0.95,1.5| 0.88[077,0.9
Age (in years) 1] 3] 5] 5] 8]
literate 0.43[0.08,3.1| 0.34[0.06,2.6| 0.49[0.02,11.| 0.49[0.02,11.| 0.34[0.06,2.6
7] 3] 09] 09] 3]
Education
llitera Reference
te
1.33[0.26,6.8| 1.67[0.23,7.8| 1.32[0.06,29.| 7.55[0.27,20| 0.67[0.03,4.1
Yes 8] 4] 12] 9] 3]
Addiction
No
Yes 1.28[0.15,11.| 2.86[0.16,52.| 0.09[0.01,1.6| 0.56[0.02,12.| 1.04[0.16,21.
Ever 17] 46] 3] 45] 21]
pregnancy
No Reference
> 1.65[0.08,12.| 2.03[0.21,19. 3.25[0.14,76.| 2.03[0.09,15.
Number of 61] 95] 41] 81]
sex
partners 1or Reference
less
1.28[0.35,6.1| 1.77[0.35,8.8| 0.36[0.01,9.8| 1.93[0.09,41.| 0.99[0.24,4.0
Use of Yes
. 9] 0] 1] 64] 5]
contracepti
on
No Reference

Using univariate logistic regression, age has bieemd to be significantly
related to non-HPV 16 genotypes. The odds of tilsemte of non-HPV 16 genotypes
increase by a factor of 1.14 for every one-yearease in age, according to the odds
ratio (Table 17).

Note: The analysis of the above table includes &6 cases. The analysis of the
above table includes all 96 cases. In the single MRolumn, only HPV cases with

a single genotype are considered, and the remainin@cluding multiple HPV)
are considered absent.

Some factors have been left out because further mfmation is needed. All
analysis is done with the assumption that no objeiees or synopsis are present
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Table 18. Comparison of the PAP test with MY9/11 ath G5/G6 primer sets

among HIV-negative patients

Positive Negative p-value
MY9/11 11 85
1.0
G5/G6 11 85

The two oligonucleotide primers used in HPV-DNA PQRlymerase chain
reaction) analysis are MY09/11 and G5/G6. Out oftBg@-negative cases, 11 were
detected as positive and 85 were detected as wedatiboth the primer sets. When
the p-value was compared between the two groupee thias no significant difference
(p-value was 1.0), as shown in Table 18. There W8reases reported to be positive
for HPV and 83 cases were found negative in Papmesn compared with MY9/11
(11 cases positive and 85 negative) and G5/G6 {ddiscases positive and 85

negative).
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Table 19. Diagnostic efficacy of MY9/11 and G5/G6 mong HIV negative

patients
HIV Negative e o
Sensitivity Specificity PPV NPV
cases
84.62% 25.49%
100.00% (95.65%
MY9/11 (54.55% to 100.00% | (8.73% to
to 100.00%)
98.08%) 55.04%)
84.62% 25.49%
100.00% (95.65%
G5/G6 (54.55% to 100.00% | (8.73% to
to 100.00%)
98.08%) 55.04%)

In HIV-negative patients, the sensitivity and sfieity of two primer sets, MY9/11

and G5/G6, in detecting HPV DNA were reported to84e62 % and 100.00 %,

respectively. As shown in Table 19, the PPV (Pesifredictive value) and NPV

(Negative predictive value) were determined to @@ % and 25.49 %, respectively.

Number of pateints

G5/G6
Different tests

m Positive m Negative

HPV Positivity among HIV positive cases

120
100
80
60
40
20
0

My9/11

All positive

Figure 30. Determination of HPV positivity among HNV-positive cases
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Different tests were conducted for the detectibrH®V positivity among
HIV-positive cases, such as the Pap test, PCR /My G5/G6, and RLA (Roche
linear array). The results shown in figure 30 asdadlows; a total of 197 cases were
considered, of which the Pap test showed 86 peséivd 110 negative, the My9/11
test showed 64 positive and 132 negative, the G¥GiGshowed 66 positive and 130

negative, and the RLA test showed 86 positive driiriegative.
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HPV Positivity among HIV negative cases
90

80
70
60
50
40
30
20
10

0

My9/11 G5/G6 AII positive
Different tests
m Positive mNegative

Number of patients

Figure 31. Determination of HPV Positivity among HV-negative cases.

Different tests were conducted for the detectionH&fV positivity among
HIV-negative cases, such as the Pap test, My9/51G& and RLA (Roche linear
array). The results shown in figure 31 are as fadloA total of 96 cases were
considered, of which the Pap test showed 13 pesind 83 negative, the My9/11 and
Gb5/G6 tests showed 11 positive and 85 negativetlan&LA test showed 13 positive

and 83 negative.
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Table 20. Overall results for HPV positivity amongHIV-positive and negative

cases
PAP MY9/11 G5/G6 RLA p-
Variable Positive Negative Positive Negative Positive [Negative Positive Negative value
HIV
86 110 64 132 66 130 86 110 0.6
Positive
HIV 0.94
13 83 11 85 11 85 13 83
Negative

Different tests for HPV positivity among HIV-posié and negative cases are

tabulated in table 20. The p-value for HIV-positievas found to be 0.022which is

significant, and for the HIV-negative as found ®®94, which is non-significant.
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DISCUSSION

During the last few years, Papanicolaou smeariagoreplaced with HPV
genotyping due to its high sensitivity and spedificLinear Array genotyping and
PCR testing with several primers were most commamed assays for HPV

detection54159

Agnes et al., 2020*%® conducted a study in which 217 women with an
average age of 35.73 years were considered. OR1Lbfwomen, 68 (31.3%) tested
positive for HPV DNA, 29 (13.36%) tested positiver HIV, and 14 (6.5%) tested
positive for both HIV and HPV infection. In HIV-pitive women, HPV infection was
significantly more prevalent (p = 0.031). Also, HA% was found to be the most
prevalent among other genotypes. In the presendy st total of 197 HIV-positive
patients were evaluated, with an average age @B33.6. Out of 197 HIV-positive
patients, 64 (32.48%) and 66 (33.5%) were HPV DNgSifive, respectively, by
MY9/11 and G5/G6 primers. The most common genotypee HPV 16 and HPV

72.

In another report, the prevalence of HPV infeciio@entral and Eastern Italy
was determined by Edoarabal., 2017!*°” A total of 200 swabs were analyzed for
cytological screening and for HPV-DNA-genotypingtiag. In total, 66/200 swabs
resulted in HPV-positive, whereas in our study, 186/ cases were detected as HPV-
positive. The overall HPV prevalence was 33%, withigher prevalence in the HIV-
positive group (48%). In our study, overall HPV yakence was found to be 45.35%
(multiple HPV), 54.65% (single HPV), and 59.3% (iaogenic) out of 86 HPV-

positive cases. The most frequent genotypes weké HP 31, 52, 58, 66, 73, and 89
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when compared with our studies. The HPV genotygtsated in descending order of

frequency were HPV 16, 33, 35, 52, and 58.

In a study conducted by Hong-Yuet al. 2012"°® the colposcopic-
histopathological diagnosis was performed whereo6? of 83 women (80.7%)
revealed no evidence of CIN. CIN1 was reported iwdnen (9.5%), CIN2 in 5
women (5.3%), and CIN3 in 2 women (2.1%). 16/833%8) had evidence of CIN1+
lesions and 7/83 (8.4%) had evidence of CIN2+ lesiovhereas in our study, out of
86, 53 (61.62%) had normal CIN, 13 were inadequ@i&ll was reported in 13

women, CIN2 in 2 women, and CIN3 in 5 women.

In another study, Rodolfet al. 2018%% detected 59 (73.75%) HPV DNA out
of 80 cervical samples. Patients who were HIV-itddcpresented a high prevalence
of HPV co-infection. High-risk HPVs were predoming{®9.3%). Also, HPV 56
(17%) was the most prevalent genotype, followedHBW 16 (15.3%). In our study,
out of 197 HIV-positive cases, HPV DNA was detecite®4 cases by the MY9/11
primer and in 66 by the G5/G6 primer. HPV 16 and/HR2 were the most prevalent

genotypes.

One of the studies conducted by Masial., 2011%%¥ determined the rate of
high-risk-HPV genotypes in low and high grade sgoasnintraepithelial lesions
(LSIL and HSIL) as well as in cervical carcinomaam Venezuelan women. HPV
DNA was detected in 68%, 95%, and 98.7% of LSILJIH&nd cervical carcinoma
cases, respectively. HPV types 16 and 18 were ti®#¢ common high-risk HPV types
observed, followed by HPV types 52, 33, 45, andi@bur study, 42 cases out of 197
were found to be LSIL, 4 cases were found to beLH&hd 51 out of 86 HPV-

positive cases showed carcinogenicity. The mostgbeat genotypes were HPV16
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and 72, followed by HPV33, 35, 52, and 58. Wometih@IN lesions were found to

have HPV 16 and 72 genotypes compared to thosenwithal cervical status.

In our study, out of 86 HPV-positive cases, 51.3%8) showed carcinogenic

HPV compared to another study conducted by Amitial., 2012"°° Here,
carcinogenic HPV genotypes were present in 35.3%2{8) of HIV-infected
women. ‘Possibly carcinogenic’ and ‘unknown cargjenic’ genotypes were present
in 14.7% and 29.5% of patients, respectively. NddtiHPV genotypes were found to
be 50.7%, and a single HPV genotype was found t6208%. HPV16 was the most
common HPV genotype. This is in contrast with dudg, i.e., 14/86 (16.28%) were
found to be "Possibly carcinogenic" and 47/86 (5% were found to be "Unknown
carcinogenic.” Single HPV was found to be 47/86.§5%) and multiple HPV was
found to be 39 out of 86 (45.35%). Here, HPV 16, 38, 52, and 58 were the

common HPV genotypes.

Jayaet al., 2016,%%9 screened a total of 216 HIV women, of whom 58 were
HPV-positive and 56 were high-risk HPV types. HRd/vlas the most prevalent type.
They concluded that HIV-positive women over 35 geaf age had a higher risk of
HPV infection. These findings were very much simtaour study, where out of 293
patients, 197 were screened as HIV-positive and®Bbktases were HPV-positive.
HPV genotypes 16, 33, 35, 52, and 58 were the cmsimon. A high-risk of HPV

infection has been seen in the age group of 21e4@syold.

Nowadays, PCR is the most commonly used techriigeénical research as
well as in diagnostic laboratories to detect HPfédtions. For the detection of the L1
region, two oligonucleotide primer systems, MY09/Myand G5/G6, are commonly

used. Both of these primers detect a wide speatfurPV DNA.
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The degenerated MY09/MY1l oligonucleotide primeuse a high
annealing temperature (55°C) and can amplify mleltidPV infections, whereas
G5/G6 primers anneal at a lower temperature (42?@d)only amplify a single HPV
genotype. As previously demonstrated with the MYQ@94and G5/G6 assays in
different laboratories, each method showed a halell of reproducibility when

compared to itseff-*?

In one of the studies conducted by Milestaal., 2014°?, a total of 1375
women aged 14-76 were involved, out of which 216ewd!V-positive, whose ages
ranged from 20-73 years old. 69.0% of HIV-positwvemen (n = 149: 62.3-75.0,
95% CI) were HPV positive, and multiple HPV infexts were found in 78.5% of the
samples (n = 117: 71.0-84.8, 95% CI). When comparttdour study, 86 cases were
found to be positive for HPV. Carcinogenic and nplét HPVs were found to be 51
(59.3%) and 39 (45.35%), respectively. These resuldicate that HIV-positive
women are more prone to HPV infection and that ipleltHPV infections occur more
frequently in HIV-positive women because of a deficy in the immune system. In
that study, HPV 16 was the most prevalent genotyiéch is in contrast to our study

where HPV 16, 33, 35, 52, and 58 genotypes werxthat.

In a similar study, the prevalence of HPV and wavcytologic abnormalities
were reported in HIV-infected women in Uganda. HRV prevalence was found to
be 46.2% (49/106) and HPV 52, 18, and 16 were thst mommonly detected high-
risk genotypes. The majority of HPV positive womeare infected with high-risk
HPV genotypes 16 and 8% In our study, 51/86 (59.3%) were found to be

carcinogenic. The HPV genotypes detected were3,63 52, and 58.
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In our study, the HPV genotypes detected were HBV33, 35, 52, and 58,
which is similar to the results conducted by Lyeettal., 2014**Y where the most
commonly detected HPV types were HPV 16, 18, 35385and 52, respectively. In
conclusion, HPV infections were more common in Hi¥sitive women compared to
HIV-negative women, and the prevalence of singlé amultiple HPV infections

seemed higher among HIV-positive women than amoivgri¢gative women.

On univariate analysis, the significant predictof$1PV infection were HIV,
age, and duration of sexual life. Bivariable andltivariable logistic regression
analyses were conducted to analyze data. In bhlariaodels, HPV was significantly
predicted by HIV infection. In the study conducted Kamleshet al., 2011 the
prevalence of HPV 16, 18 among HIV-positive females higher than that of HIV-
negative females. Similarly, in our study, HPV 1&3, 35, 52, and 58 were
prevalently detected HPV genotypes. This data cwled that HIV positive women

have a greater risk of cervical cancer and HP\/ciide.

Ibrahimaet al., 2017%°® identified HPV 16 and 18 in cervical cancer biopsy
samples by PCR. Both HPV 16 and 18 were signiflgamiore frequent in women
over 50 years of age than in younger women. Whempaoed to our study, HPV 16
and 72 were significant genotypes detected in woaged 21-49 years with CIN
lesions. These findings imply that greater co-ititecwith high-risk HPV genotypes

might be a risk factor for sustained exposure twee as women grow older.

In our study, HPV16 and 72 were the significarmagpes detected in women
with CIN lesions (p-value found to be 0.04 and O®4respectively), which were
statistically significant. Out of 197/293 HIV-pasi cases, 53 had normal CIN, 13

showed CIN 1, 2 had CIN 2, and 5 had CIN 3, whilg of 96/293 HIV-negative
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cases, 23 were found to be HPV-positive casespiaue of carcinogenic HPV was
found to be 0.0396, which was statistically sigrafit. These results were in contrast
with the study conducted by Ongeziweal., 2021 *®” where out of 193 women,
93.5% screened with CIN 2 and 96.6% screened with had HPV infection (p-
value 0.012). These findings show that HIV-positwemen had a much greater

incidence of any HPV infection as compared to HBgative women.

In one more study reported by Baritial., 2021*%® suggested that HPV 52
was the most commonly acquired HPV genotype in pibgitive women, followed by
HPV 16, HPV 56, HPV 58, and HPV 35. The same adtipispatterns were found in
HIV-negative women, whilst HPV16 was as commonlguaed as HPV52, and the
relative importance of HPV 45 and 58 increased ajrtély-positive women. Similar
patterns have also been described in our studyeMH&W16, followed by HPV33,
35, 52, and 58, were the HPV genotypes detectech@h®/ HIV-positive cases and
HPV 59, followed by 16, 53, 62, and 72, were thevHj&notypes found among 96
HIV-negative cases. These findings conclude tha¥ HB is more common in both
HIV-positive and HIV-negative women. HPV acquisitidvas also been linked to

young age, the number of lifetime partners, and pidgitivity.

In one of the studies done by Kirubatlal., 2019{*%® the overall HR HPV
burden was 13.7%. "Other HR HPV" genotypes (3133339, 45, 51, 52, 56, 58, 59,
66, or 68 types) were the most frequent (76%) ggrest identified, followed by HR
HPV 16 (16%). The overall frequency of abnormalotygy was 13.1%. Around
three-fourths (72%) of the HR HPV-infected womerreva the age range of 31 to 60
years, and this was remarkably related with abnbaytalogy. HPV 16 and HPV 72

were significant genotypes detected in our stuoljodved by HPV 33, 35, 52, and 58.
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Of 197 HIV-positive cases, 86 were HPV-positivethwa mean age of 33.93+5.6
(21-40 years of age). These results conclude thatspecific HPV infection was
found in women in the age group of 21-40 years.igh hisk of HPV infection is

found in HIV-positive women in this age group.

In one of the studies conducted by Oppahl., 2021%7% of the 258 cervical
cancer patients enrolled in this study had 45% (16) confirmed HIV positive. The
median age of the participants was 51 years ol@ dverall median age between
HIV-positive and HIV-negative cervical cancer greupas significantly different
(p = 0.001). In univariate regression analysis,HReHPV genotypes or multiple HR-
HPV genotypes were not found to be significantlgoasated with any of the HPV-
related risk factors (i.e., age, sexual debut,tpaand STI history). Out of 258
cervical cancer patients, 96% (n = 248) were saegositive for HR-HPV DNA,
constituting 14 HPV genotypes (HPV16, 18, 31, 33,3, 45, 51, 52, 56, 58, 59, 66,
and 68). HPV16 was the frequently identified gepetgetected in 48% (n = 123) of
the participants, with high frequencies for thddaing genotypes: HPV 35 (26.4%),
HPV 18 (25.2%), HPV 58 (10.5%), HPV 33 (9.7%), aH&®V 31 (6.6%). In
comparison with our study, 197 HIV-positive casesravconsidered, of which 86
cases were HPV-positive. HPV 16 and HPV 72 wereifitgint genotypes detected in
women with CIN lesions. The HPV genotypes detedteddescending order of
frequency were HPV 16, 33, 35, 52, and 58. OutéGH®V-negative cases, 13 were
found to be HPV-positive. HPV 59 is a common gepetyfollowed by 16, 53, 62,
and 72. This suggests that HPV 16 and HPV 72 wkeetivo most prevalent

genotypes found irrespective of HIV status.
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According to Monique et al., 2018™ the most prevalent HR-HPV types
were 56/59/66 (32.2%), 35/39/68 (28.0%), 52 (21,5%6) (19.4%), and 45 (12.9%).
43.0% of the women with HR-HPV infection (n = 93acdh multiple infections.
Cervical abnormalities were more common in HPV-pesiwomen than in HPV-
negative women. The multivariable analysis revealkdt increasing age was
associated with a lower risk of HR-HPV infectiom. dur study, out of 197 HIV-
positive cases, 86 were found to be HPV-positimedéscending order of frequency,
HPV 16, 33, 35, 52, and 58 genotypes were discdvédéthese genotypes, HPV 16
and 72 were found to be significant genotypes.@@6 HIV-negative cases, 13 were
found to be HPV-positive. Here, HPV 59 was found b® the most common
genotype, followed by HPV 16, 53, 62, and 72. T$isdy suggests that women
leaving with HIV have a higher prevalence of HPMention compared to HIV-

negative patients.

In one of the studies conducted by Ftial., 2013{!'? HPV 16 was the most
prevalent HR-HPV type detected in both HIV-positias well as HIV-negative
women. HPV 18, 52, 31, 39, 45, and 56 were alsoncomamong HIV-infected
women, with prevalence ranging from 3.3% to 6.7%heD® commonly detected HR-
HPV types in HIV-negative women were 51, 58, 18,85 and 52, with prevalence
ranging from 0.4% to 0.7%. There were some diffeesnin the distribution of HPV
genotypes between HIV-positive and HIV-negative womexcept for HPV 16,
which was similar to our study, where HPV 16 wass pinedominant genotype found
in both HIV-positive and negative women. Using Kiy regression, it has been

observed that every pregnancy significantly affactg HPV in HIV-positive women.
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Cervicovaginal HPV DNA was detected in 141 out 45 (97.2%)
participants, while four (2.8%) women had no evizkenf cervicovaginal HPV DNA.
High-risk HPV DNA was detected in 131 (90.3%) wom¥ve found a single HPV
genotype in 14 (9.7%) women and multipke2) HPV genotypes in 127 (87.5%)
women. Among the HR types, HPV 52 was found tohgemost prevalent (37.2%).
145 women had cytologic results within normal IsniB4 reported LSIL and 49
HSIL.%™ In our study, cytological results were found to 42/197 LSIL, 4/147
HSIL, and 2 normal. Out of 86 HPV-positive cas@s(84.65%) had a single HPV,
whereas 39 (45.35%) had multiple HPV. In HIV-negatpatients, 47 were normal, 5
were of LSIL, and none were of HSIL. These resalsclude that HIV-positive

women are prone to HPV infection compared to Hl\¢ateze women.

HPV 16 was the most prominent HR-HPV genotypedthtHIV positive and
negative groups. This finding is in agreement il study conducted by Leabaneng
et al., 2020 This result suggests a direct relationship betweeimfection of HIV

and HPV 16.

In one of the studies conducted by H De Vugstl., 20127 cervical
intraepithelial neoplasia (CIN) 1 was detected 85/498 women (39.5%); CIN2 in
66 (14.0%); and CIN3 in 47 (10.0%). Women with gheducation had a
significantly lower HPV prevalence, compared witbmen with primary education
only or no education (PR=0.74; 95% CI: 0.58-0.@5)mpared to our study, out of
197 HIV-positive cases, 86 were found to be HPVitpas 53/86 showed CIN 1,
2/86 showed CIN2, and 5/86 showed CIN 3. Positiily HR-HPV was not
associated with marital status, a number of lifetior recent partners, the use of

hormonal contraceptives, or a number of pregnancies
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A study conducted by Philipt al., 2011*"® where among the 608 women
diagnosed with CIN3, 601 (98.8%) cases were peasitor any HPV genotype and
95.4% for any carcinogenic HPV. HPV16 (59.9%), HR\(38.1%), HPV52 (14.8%),
HPV51 (14.0%), and HPV18 (13.2%) were the five mosihmon HPV genotypes
detected. In our study out of 197 HIV positive za86é found to be HPV-positive
were 53 out of 86 had normal CIN, 5 had CIN 3. ©u53 normal CIN 60.38%

showed carcinogenic HPV. Carcinogenic and uncagenic HPV is not

Of 126 specimens, 88 (69.8%) were from HIV-infect@omen, and 38
(30.2%) were from HIV-uninfected women. The HIVgtfed patients were younger
than their HIV-uninfected counterpafts?When compared to our study, 293 patients
were considered where 197 were HIV-positive andv@fe HIV-negative. 120 out of
197 women were in the middle age group (31-40). mtmber of HIV-positive

women was higher than that of HIV-negative women.

In one of the studies conducted by Gary et aD6$d" the six most common
high-risk HPV types were 16 (4.5%), 58 (3.6%), 38.%0), 52 (2.8%), 31 (2.0%), and
33 (2.0%). In addition, HPV 16 was also the moshemn type, which was similar to
our study, where HPV 16, 33, 35, 52, and 58 weteatded. Women having CIN
lesions were significantly detected for HPV16 adag compared to normal cervical

status.

The HPV prevalence was higher among HIV-positivemen (52.4%) than
among HIV-negative women (20.8%) overall and ina@jé groups. HPV prevalence
in younger women aged 17-19 years, regardless \éfstitus. HIV-positive women
were more likely than HIV-negative women to havé@ or 3. The most prevalent

high-risk HPV types were HPV 16, 35, and 58, with significant changes in type
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distribution by HIV statu$§:® This is in contrast with our study, where HPV
prevalence was higher among HIV-positive women vetidnto the age group of 21—
49 years regardless of HIV status. HPV 16 and 72 e prevalent genotypes found
in HIV-positive patients, whereas HPV 59 was thevptent genotype in HIV-

negative women.

Andrew et al., 2009 found that HPV 45 and 58 were the most common
high-risk variants. Thin prep abnormalities are enoommon in HIV-positive women
than in HIV-negative women. These results are ealittory to our study, where
HPV 16 was the most common high-risk HPV genotymeé in both HIV-positive
and HIV-negative women. The variation in this résody be due to the prevalence of

varying genotypes of HPV from country to countryasdl as to HIV status.

In our study, HPV16 and 72 were the most prevagenbtypes found in HIV-
positive women, while HPV59 was the most commoHri¥-negative women. This
is in agreement with the previous, study condudttgdNgugiet al., 2011 where

HPV 16 was the prevalent.

The majority of infections regress spontaneougiydtural immune responses
that appear to develop during the course of indecthAs a result, the rate of prevalent
infections in women over 30 years of age dropsiagmtly, ranging between 5 and
10% ™ The current study showed that age was significaagigociated with non-
HPV 16 genotypes, which contradicted the findinfFeixeiraet al., *’Y who stated
that multiple infections had a higher HR-HPV prevale in older age groups than in

younger age groups.
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In our study Pap smear test results were as fell@ut of 197 HIV-positive
patients, 42 cases were LSIL and 4 cases were ldB8¢Lout of 96 HIV-negative
patients 5 cases were of LSIL and none were of H@ilch was similar with a study
conducted by Milenat al., 2014352 where more lesions were detected in the HIV-
positive group (mainly LSIL), this concludes thatbomen having this type of
immunosuppression have a higher incidence and lemes& of premalignant lesions
caused by the immune system becoming unable taiesffly eliminate HPV
infection. Type-specific distribution revealed tHdPV-16 was the most prevalent
type in the population being studied which was iasat with worldwide results to

date (162.181-183)

In a study by Petroet al., 2013, 95 women with a median age of 38 years
(IQR: 33-41) were screened for HPV DNA on Pap sm&at94 women (32%) and
18/94 women (19%) had low-grade and high-grade raqua intraepithelial lesions
(LSIL/HSIL). In all, more than half of the parti@pts experienced cervical
inflammatory responses, including STIs. In 43 wom#ro received cervical biopsies,
eight (8.4%) had CIN-1, five (5.3%) had CIN-2, amb (2.1%) had carcinomas in
situ. In our study, a total of 293 patients werasidered, where 197 cases were HIV-
positive and 96 were HIV-negative. The mean age 8&9€3+5.69 and 32.07+
6.78 for HIV positive and negative women. LSIL waand in both HIV-positive and
negative cases, whereas HSIL was observed only IM-pdsitive cases. This
concludes that HIV-positive women are more proneH#V infection than HIV-

negative women.
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According to Myassat al., 2013"8¥ HIV status was found to be the strongest
risk factor for HR HPV infection. HIV-positive womehave a significantly higher
risk of HR HPV infection as compared with HIV-neigatwomen. The odds of being
HR HPV positive among HIV-positive women decreassith age. Among the 3699
women, 751 (20.3%) were HR HPV positive, which ualgdd 427 women with a
single-type HPV infection and 240 women with mu#ipiPV types. A total of 349
women (9.4%) were HIV positive. Among 349 HIV-posit women, 45.9% were HR
HPV positive, whereas among HIV-negative women, ke HPV prevalence was
only 17.3%. HIV-positive women aged 50 or older éavsignificantly higher risk of
HPV infection. In our study, 197 HIV-positive womdeatected with single and
multiple HPV were not significantly associated withN 2 as well as CIN 3. Also

women over 45 years of age have a greater riskPdf Hfection.

In one of the studies conducted by Sneital.,2005'%® the mean age of the
participants was 29.1 years (SD 6.14, range 18-B89. (93.7%) of the 287 Pap
smears were found to be negative for intra-epihééision or malignancy, while 18
(6.3%) had squamous cell abnormalities. There wEDde low-grade squamous
intraepithelial lesions (LSIL) among the 18 smeaith squamous cell abnormality.
None of the participants had high-grade squamotradpithelial lesions (HSIL) or
squamous cell carcinoma in cytology. Infection witle HPV 16 genotype was the
most prevalent infection in the present study patoh. In our study, the PAP test
was conducted among 197 HIV-positive patients eéhéHB/-negative patients. LSIL
was found in both HIV-positive and negative womehgreas HSIL was found only
in HIV-positive patients. This leads to the conabasthat women with HIV are at a

higher risk of HPV infection than women who are.not
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In a study reported by Vikraret al.,2010*®® a total of 303 women were
enrolled, with a median age of 30 years. Most ef participants were widowed or
separated (187/303, 61.7%). More than one-third/@d2, 37.7%) were not educated
beyond primary school. The final composite colp@scdistopathologic diagnoses
revealed no abnormality (no evidence of CIN) in 220 of 303 (72.6%) women. CIN
1 was reported in 33 (10.9%) women, CIN 2 in 3LZ%) women, and CIN 3 in 18
(5.9%) women, while 1 (0.3%) woman was diagnoseith WCC. In our study, the
mean age of the enrolled HIV-infected women wa®385.69 (n = 293). In HIV-
positive patients, none were found to be widowedeparated, whereas only 3 out of
7 cases were found to be widowed or separated VAindbative cases. The majority
of the HIV-positive women were less literate (1371 In total, 30 were found to be
CIN 1, and 9 were found to be CIN 2 and CIN 3, eespely, whereas in HIV
negative cases, only 10 were found to be CIN 1,reomé were found to be CIN 2 or
CIN 3. This indicates that HIV-positive patientg qarone to CIN lesions compared to

HIV-negative ones.

A total of 445 women (255 HIV-positive and 191 Hiégative) were
included in the study conducted by Jagetesl., 2012" A total of 18 CIN were
identified, including 16 in grade 1, one in gradearadd one ICC. In HIV-positive
women, HPV 35 (15.7%), 16 (14.2%), 18 (11.4%), &8d(11.4%) were the four
most common HPV types identified. In HIV-negativemen, HPV 35 (10.5%), 16
(10.0%) and 59 (10.0%) were the three most freqtygres identified, followed by
HPV 18 (5.8%). In our study, a total of 293 (19'A/Hlositive and 96 HIV-negative)
were included in the study. HPV 16, and 72 weraébto be significant genotypes in
HIV-positive women, whereas HPV 59 was found talmmmon genotype found in

HIV-negative women.
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In one of the studies conducted by Fagnal., 2018,%®) out of 201 women,
HPV DNA was detected only in 91 (45.2%). The mediges of HPV positive and
negative women were 40 and 44 years, respectiveteording to cytological
screening, 72 patients had normal cytologic findjrigg patients had ASCUS, 29 had
LSIL, and 6 had HSIL. The most commonly identifiePV types were HPV 58,
HPV 16, HPV 31, HPV 33, HPV 11, and HPV 35. In atudy, HPV DNA was
detected by PCR, where 64 were detected as pofiive/11) and 66 (G5/G6). The
age of the participants was between 18-45 yearsomling to cytological screening,
LSIL was found in both HIV-positive and negativadividuals, whereas HSIL was
found only in HIV-positive individuals. The most mmon HPV genotypes found

were HPV 16, 72 (HIV-positive) and 59 (HIV-negalive

In a study conducted by Daveital.,2018,89 233 HIV-negative women were
enrolled, who were evaluated for cytology examomatiThe results revealed that 141
(60.5%) samples were normal, while 92 (39.5%) wayrormal. The prevalence of
HPV16 was significantly higher among women with @tmnal cytology. HPV16 was
the most prevalent of all the HR-HPV genotypes.eDttommon HR-HPV types were
HPV 35, HPV 45, HPV 18, and HPV 31, which are simtb our study. In particular
HPV 16 and 72 were significant genotypes deteateddamen with CIN lesions as
compared to those with normal cervical status i-dbsitive women, while HPV 59

was common among HIV-negative women.

A study was conducted by Suchiggal., 2016 > where HPV 16 was the
commonest genotype found (38.5%); HPV 16 and 18tpgether contributed to
73.3% of HPV infection; 27.5% of HIV-infected womenad squamous cell

abnormalities. The prevalence of high-risk HPV atilen was higher in women with
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high-grade squamous intraepithelial lesions ortgrdasions (85.7%) as compared to
women with normal cytology (52.1%), which is rela&ato our study where HPV 16
and 72 were significant genotypes detected in wowigim CIN lesions compared to
normal cervical status. The high-grade squamouaeptthelial lesions were found in
HIV-positive women. The high prevalence rate of H¥ection and CIN in HIV-

positive women requires frequent Pap smear scrgenin

In a study of Rashmiraret al., 2017\*°Y the most prevalent genotype was
HPV16 (87.28%), followed by HPV18 (24.56%) and HBY (3.46%). Compared to
our study, HPV 16 and HPV 71 were significant ggpes detected, followed by 33,

35, 52, and 58 in HIV-positive women.

In our study, HPV DNA was detected by PCR where primers were used,
MY9/11 and G5/G6 in both HIV-positive and HIV-nelyat cases to detect HPV. All
samples were amplified for HPV DNA and genotypesemelentified by a linear
genotype assay. Out of 197 HIV-positive cases, éevdetected as HPV-positive by
MY9/11 and 132 as negative. 66 were In our study¥YHDNA was detected by PCR
using two primer sets, MY9/11 and G5/G6, which wesed to confirm HPV in both
HIV-positive and HIV-negative cases. All samplesrevalso identified as having the
genotype of HPV by a linear genotype assay. Ou©af HIV-positive cases, 64 were
detected as HPV-positive by MY9/11 and 132 as negab6 were detected as
positive for G5/G6 and 130 as negative. Of the HBgative out of 96 cases, 11 were
detected as HPV-positive and 85 were negative b llbe primer sets. This
concludes that both the primer sets MY09/MY11 arl@6 amplified a wide range
of HPV genotypes in cervicovaginal samples and adetesimilar results for HPV

positivity. Since G5/G6 primers detected an add#id? positive samples ,our study
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suggests that more than one type of oligonuclegirdeer should be used in clinical
samples to increase the sensitivity of HPV detectwhich is similar to a study
conducted by Vinagt al., 2016°? wherein of the 33 samples that were positive in
RLA, HPV DNA was detected in 63.7% (21 of 33) ari7B8% (24 of 33) of the
samples by using the MY09/11 and the G5/G6 prine¢s, sespectively. Among the
24 HPV-positive samples, 21 (63.7%) were detectedrie or both methods, and 3

(9.09%) were detected only by the G5/G6 primer set.
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SUMMARY

The main goal of this study was to identify the HRMh-risk genotypes in
HIV-infected women of childbearing age by molecutaethods. This study was a
hospital-based case report at Belagavi in Karnats#kamen infected with Human
Immunodeficiency Virus (HIV) show a higher risk dtiman Papilloma Virus (HPV)
infection and cervical cancer. In this study, altatf 293 women were screened, out
of which 197 were HIV-positive and 96 were HIV-ndga. The highest number of
HIV-positive women fell into the age group of 31-y€ars, and 70.55% were less

literate.

Colposcopy was conducted among 197 HIV-positive ewoito detect the CIN
lesions, where 30 were found to be CIN 1, 2 wemndbto be CIN 2, and 9 were
found to be CIN 3. The remaining 130 were normaPdpanicolaou (PAP test) was
also conducted where 147 showed inflammatory Issiéf cases were of LSIL and 4
cases were of HSIL. The HPV positivity among 19¥Hbsitive cases resulted in 86
HPV-positive and 111 HPV-negative cases. Out ofH#8/-positive cases, 53 had
normal CIN, while 60.38% showed carcinogenic HPY h&d a single HPV, whereas

39 had multiple HPV.

A higher prevalence of multiple opportunistic inieas and a broad spectrum
of HPV genotypes were reported in HIV-infected womaccording to the findings,
HIV positive women with various genotypes had aatgeoverall prevalence of HPV,

suggesting that they are more likely to developicat cancer.

The HPV genotypes detected were HPV 16, 33, 35a6@,58. HPV 16 and

HPV 72 were significant genotypes. The p-value veamd to be 0.04 and 0.0495,
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respectively. Using logistic regression analysishas been concluded that every
pregnancy significantly affects any HPV. Using #justed odds ratio, the odds of
any HPV are 4.47 times higher for subjects withistony of pregnancy than for other
patients. Using multivariable logistic regressian,has been concluded that the
presence of carcinogenic, possibly carcinogenicicarxinogenic, single HPV and
multiple HPV is not significantly associated witHNCresults. The HPV DNA was

detected by PCR using two primers (MY9/11 and G%/@8 were detected as
positive by MY9/11 and 132 as negative. 66 wereated as positive for the G5/G6
primer and 130 as negative. No significant diffeeerwas observed (p-value =

0.2McNem).

The colposcopy was conducted among 96 HIV-negg@tents to detect CIN
lesions, where 10 were found to be CIN 1, and neae found for CIN 2, or CIN 3.
80 were found to be normal. A PAP test was alsodaoted where 47 showed
normal, 5 cases were of LSIL, and none were fouardHSIL. The majority of the
cases were in the age group of 30-34 years of@ig86 HIV-negative cases, 13 were
found to be HPV-positive and 83 were HPV-negatifBV 59 was the most common
genotype, followed by 16, 53, 62, and 72. Out ofHBV positive cases, 7 had a
grade of 1+, 5 had a grade of 2+, 9 had a grads @nd 2 had a grade of 4+. Out of
7 grade 1+ cases, 28.57% had carcinogenic HPV,eake20% and 89% of grade 2+
and grade 3+ cases had carcinogenic HPV, resplctiysing the Cochran Armitage
trend test, it has been observed that there igrafisant linear increasing trend in the
proportion of carcinogenic and non-carcinogenic agjgmes over grade. Using
univariate logistic regression, it has been cormtlihat age is significantly associated
with non-HPV 16 genotypes. Out of 96 HIV-negativeses, 11 were detected as

positive by MY9/11 and 85 were detected as negafitewere detected as positive
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for the G5/G6 primer and 85 were detected as negaiVhen the p-value was
compared between the two groups, no significarfedihce was observed (p-value
was 1.0). Different tests for HPV positivity amohiV-positive and negative cases
were conducted, which resulted in the p-value fov-plositive being 0.022C, which

is significant, and HIV-negative being found to®m&4, which is non-significant.

HPV infections were more common in HIV-positive wemwhen compared
to HIV-negative women. Women with HIV infection gent a higher risk of infection
by HPV and cervical cancer. HPV 16 and 72 were dotanbe common genotypes in
both HIV-positive and HIV-negative women. Young a@g® increasing number of
lifetime partners, and HIV positivity were all liall to an increased risk of HPV

infection.
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CONCLUSION

The main aim of the study was to detect the HPV high-risk genotypesin HIV-
infected women of childbearing age by molecular methods. This study was a hospital -
based case study at Belagavi in Karnataka. Women infected with the Human
Immunodeficiency Virus (HIV) are more likely to have Human Papilloma Virus
(HPV) infection and develop cervical cancer. Low-grade squamous intraepithelial
lesions were found in both HIV-positive and HIV-negative women. However, high-
grade intraepithelial lesions were found only in HIV-positive women, suggesting that
HIV-positive women are more susceptible to HPV infection than HIV-negative

women.

Human immunodeficiency virus (HIV)-infected women represent the highest
risk population subgroup for the higher frequency and rapid development of HPV-
induced cervical intraepithelial neoplasa (CIN). HPV 16 and 72 were the common
genotypes found in HIV-positive women, whereas HPV 59 was the common genotype
in HIV-negative women. HPV-DNA was analyzed by PCR where two primers were
used; MY 09/11 and G5/G6. When the p-values of the two groups were examined, no

significant difference was found between HIV-positive and HIV -negative patients.

Different tests, such as Pap test, PCR, and RLA, were conducted for HPV
detection among HIV-positive and HIV-negative cases. The Pap test is being replaced
by HPV genotyping due to its high sensitivity and specificity. HIV-positive women
present a higher risk of infection by HPV and cervical cancer. Cervical cancer should
be avoided in HIV-negative women using HPV genotyping and vaccination

techniques.
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These findings suggest that HIV-positive women are at a greater risk of
cervical cytological abnormalities as compared to HIV-negative women. Cervical
cancer can be prevented by vaccination inboth HIV-positive and HIV-negative
women.Newer vaccinations, such as the nonavalent HPV vaccine, may provide
improved coverage for women, but they must be examined. Increased accessibility to
screening programmes, adherence to follow-up among those with lesions, and
intensified health education for HIV-positive women are al critical steps in

improving early diagnosis.
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~ - Declared s Doemed-io-be-University ws 3 of the UGC Act, 1956 vide Government of India Notification No.F 9-192000-11 3{A)]
AT *Accredited ‘A’ Grade by NAAC
Office of the Registrar, KLE University,
SNMC Campus, Nelru Nagar, Beleaum-390 010, Karnataka State, Ind)
93779 FAX; 0831-2493777 Web: http://www.kleuniversity.edu.in E-mail:

Ref No KLEU/Ethic/2012-13/® - Y4 S54. Date:18-3- 2013

kleuniversity.edu,in

To.

Mr. Vinay P.S.

Ph.D.Scholar 2012-13 Batch,
KLE University,

Belgaum,

Dear Research Scholar,

The KLE University Ethics Committee on Human Subjects for Ph. D Research
Project met on 8" March 2013 to consider your application for approval of the research
project “DETECTION OF HUMAN PAPILLOMAVIRUS SEROTYPES IN
HIV INFECTED WOMEN OF CHILD BEARING AGE”.

As there are no ethical issues involved in your proposed research project.. the
committee has provided approval for this research project.

You are requested to report to Ethical Committee of the following:
1. Any deviation from or change of the protocol.
2. All serious adverse events.
3. Any changes in study documents.

il “ i}
(> A
(Dr. Hema Dhumale) (Prof. Sudha A.Raddi)
Member Secretary, ) Chairman
Ph.D. Ethical Committee(Human), Ph.D. Ethical Committee(Human),
K.L.E. University, K.L.E. University,
Belgaum. %}\(/ Belgaum.

CC to: - The Director Academic Affairs, KLE University
- The Director Research Foundation, KLE University
K - The Registrar. KLE University

- Special Officer to Hon. Vice Chancellor, KLE University, Belgaum

J
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Annexure II: Protocol flow diagram

Patient Enroliment and Specimen Flow

Patient referred from
0BG clinic

Appointment to attend study clinic T

Patient seen in study
clinic:
Record Clinic ID

Fact sheet

\d
Eligibility Screening

Informed Consent

Ineligible

A Excluded

Refusal
R S

‘ Assign PID

¥

Proceed to clinical ‘

examination
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Patient Enroliment and Specimen Flow (continued)

Physical
examination

v [ 5 ml: Purple top: CD4/Hematology
| Blood draw: 5 ml |”’/"

Per-speculum examination
& syndromic assessment If STl present, treat syndromically
and repeat enrollment visit

for presence of 5TI

.

Collection of sponge swab

from cervical os in cryovial

!

Cervical cytobrush sample in
PreservCyt® vial of 20 ml

¥

Creating three
aliquots from

PreservCyt vial:
6 ml

MNARI HPV
Aliguot 1: HPV DNA genotyping: 2 ml Molecular

Pathology
Aliguot 2: Long-term storage: 2 ml Labs

——

Y

Conventional Pap smear slide

Specimen Log and all case report farms and lab results forms for data collection at all stages
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Annexure llI: Information Sheet and Patient consent
INFORMED CONSENT
DETECTION OF HUMAN PAPILLOMAVIRUS HIGH RISK GENOTYP ESIN
HIV INFECTED WOMEN OF CHILD BEARING AGE

RESEARCHERS- Vinay. P. S, Dr. C. S. Patil, Dr. Anita Dalal
Introduction:
This study is done to identify Human Papillomavir{i$PV) that causes different
conditions like Genital warts to Cancer. These aresed by certain types of Human
papillomaviruses. In this study we are concentgation the various Human
papillomavirus types that may cause cervical caffcaot diagnosed early. It may
sometimes present with vaginal bleeding, but symgtmay be absent when the cancer
is in early stages therefore, if these are detectezhrly stage they can be treated and
hence prevent them from progressing to cancer.héme been invited to participate in
this study to find out the types of Human papillmnas (HPV).

Explanation of procedures:

In this study you will have to answer, few prepageestions about family, marriage,
history of cancer, HIV and other sexually transedttWe will do examination of your
cervix with simple instruments like vaginal speculwhich will not harm you in any
way. Also we will be taking 5 ml of blood and vagirswabs for further investigation
and identification.

Vaginal swab

"Vaginal swab" is usually used to collect samplenfrwoman's genitals. To collect
this, a trained medical professional uses a cateab to collect a small amount of
fluid/ scrapings from the inside of the vagina.idgthis type of test, we can determine
whether a woman has certain types of infectionsh&ck for the presence of foreign
organisms like HPV. Once the vaginal swab is ct#ldcthe swab is usually sealed
inside a collection container and sent for a labalysis.

A vaginal swab is usually used in gynecologicalgdiastic procedures. A doctor or
other health care professional may use a vaginab dw investigate a possible sexually
transmitted disease (STD), for example HPV. Thpetyf test is also used to analyze

the organisms that are present inside the vagioa.ekample, a woman may have

Page 176



Annexures

harmless or harmful bacteria in her vagina, ansd thst makes it possible to identify
them.

The doctor/ nurse will collect vaginal samples vaih elongated g-tip looking tool, as
well as a small bristled brush-looking tool. Alsoctbr can examine around the inside
of the vagina to ensure that there are no lumpabolormalities with the ovaries or

uterus.

Possible Benefits:

You will come to know whether you have HPV infectiwhich may lead to several
associated conditions. If detected positive théotes and conditions can be treated
immediately. Hence, they can be prevented fronmsfaaming into cancerous lesions.

Possible harms

The test applied on you will not have any seridfiscées and harms. Only you may feel
slightly uncomfortable while taking swab.

Confidentiality:

Your identity and the results of tests will not tevealed. All information collected
will be coded, so that no one will know your idéntiDuring publication also the
identity is not disclosed.

Withdrawal :

Participation in this study is voluntary. You dotrhave to take part in this research if
you do not wish to do so. You may also stop paudting in the research at any time
you choose. It is your choice and all of your rigill still be respected

Costs of participation:

The cost of the study will be borne by the redearcThere will be no additional cost
to you for participating in this study.

Payment for participation:

There will be no incentives to you for participatim this study.
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Questions
If you have any questions about this study or seaech-related injury, you can
contact:
 Mr. Vinay. P. S, Research scholar, Lecturer, Dept. of MicrobiologhSM-
KLE International Medical Programme, Belgaum. PH7@313466
« Dr. C. S. Patil, Research guide, HOD, Dept. of microbiology, USME
International Medical programme, Belgaum. Ph: 942878
* Dr. Anita Dalal, Research Co-guide, Professor of Obstetrics and ¢&jogy,
JN Medical College, Belgaum. Ph: 9448140343
e Dr. Sudha A. Raddi, Chairman, Ethical Committee for Ph.D. Research, KLE
University, Belgaum. Ph: 9448354712

Signatures:
You are not waiving any of your legal rights byrsigg this consent form. You are free

to refuse all or any part of these activities, withany problem. When you sign or
make your thumb print on the form below, that methias your questions and concerns
have been answered and you willingly agree to gaiére study procedures.

Date:

Participant Full Name with signature/thumb impression

Witness Name with signature

Name of the person obtaining informed consent witlsignature

Name of the investigator or designee with signature
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KLE's PRABHAKAR KORE HOSPITAL AND MEDICAL RESEARCH
CENTRE, BELGAUM
STATEMENT CONCERNING PARTICIPATION IN RESEARCH WORK
CONSENT FORM
DETECTION OF HUMAN PAPILLOMAVIRUS HIGH RISK GENOTYP ESIN
HIV INFECTED WOMEN OF CHILD BEARING AGE

| have read the information on the aims and olyestof the proposed research
work and was provided the opportunity to ask qoestiand given adequate time to
think over the issue. The aim and objectives ofstuly are clear to me. | have not
been pressurized to participate in any way.

| understand that participation in this researcdhnkws completely voluntary and
that | may withdraw from it at any time and withqubviding reasons. This will have
no influence on the regular treatment of my conoditneither will it influence the care
that | receive from my doctor.

| know that this research work has been approwed®ésearch, Ethics and
Publications committee of the KLE University.

| am fully aware that the results of this reseandth be used for scientific
purposes and may be published.

| agree to this. | am assured that my personalildewill be kept confidential
and privacy guaranteed.

Therefore | hereby give consent to participatehis research work.

Date: Name and Signature / left hand Timb
mpression of Patient
Place:

Name and signature of witness

STATEMENT BY THE RESEARCHER

| have provided verbal and written informationasgjng this research work to
the study participant. | agree to answer any furthesstions concerning the research
work as best as | am able. | will adhere to theqma which is approved by the KLE
University.

Date: Signature of the researcher
(VINAY. P. S)
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Annexure 1V: Demographic data collection form
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Annexure V: Colposcopy protocol

Colposcopy Protocol
The entire colposcopic procedure, including hisi@esampling, will first be described
to the patient. The clinician will inquire about tpntial pregnancy, hemorrhagic
diathesis and allergies. Verbally recognize theep#is anxiety about the exam and
suggest that you will describe your actions in abea Ask her if she has any questions
about the colposcopy procedure before you begin.
The process of colposcopy may be divided into foracedural steps; visualization,
assessment, sampling and correlation.

1. Visualization
Assist the patient into the dorsal lithotomy pasiti Select an appropriate sized warm
non-lubricated vaginal speculum to minimize discornf but ensure proper
visualization. Adequate visualization is absolutehecessary for a satisfactory
colposcopic exam. Prolapsing vaginal walls, comnmmombese, pregnant or elderly
women, frequently hinder proper visualization. @ytl visualization adjuncts (latex
glove finger ‘tube’, condom or lateral side wallreetor) improve colposcopic viewing
when necessary. Initially, the entire cervix wi# biewed through the colposcope at
low power magnification. Excessive vaginal or eretocal canal discharge will be
noted and appropriate specimens obtained for @jltsaline and KOH mount wet
preparation and other relevant microbiologic te€slposcopy may be rescheduled
until after treatment if severe infection is presen
Next, normal saline is applied to the cervix to o obscuring debris and to moisten
the epithelium. Two important findings may readily observed. First, the presence of
leukoplakia must be established prior to the cahapplication of acetic acid. Second,
atypical vessels are usually better noted prioadetic acid application because of its
mild vasoconstrictive properties.
Next, the green filter examination, designed toage angioarchitecture, may be
performed. The green filter absorbs red light aagisilood vessels to appear black and
makes them somewhat easier to discern. Normal esalimd acetic acid are then
separately applied to the cervix to help discrirterm@aormal from abnormal epithelium.
First, 5% acetic acid is liberally and frequentpyphed to the cervix using cotton balls
and ring forceps, large cotton swabs or by a sprafinique. Gauze pads will not be
used because of their abrasive properties. Cetls avi increased nuclear-cytoplasmic
ratio, either normal or abnormal, transiently appedite (acetowhite) against the
normal pink epithelium following acetic acid apg@limon. The temporary white effect
persists longer for more severe disease (thicker laf abnormal cells).
The acetic acid will be gently applied twice foménimum of 60 seconds. Thereafter,
reapplication of acetic acid every three to fivenates or as often as necessary is
essential to prolong and retain the acetowhitecefiécetic acid will be reapplied to the
cervix when columnar epithelium no longer blushigghly acetowhite but returns to
its normal red color. Sufficient acetic acid resp®ris critically important prior to
obtaining these digital images.
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2. Assessment
Assessment of colposcopic findings permits idesdifon of the squamocolumnar
junction (SCJ) and transformation zone and, althoilg accuracy is not optimal,
colposcopy permits estimation of suspected neapl&sions, their linear extent, size,
and estimate of the degree of severity of eachic@nesion. Complete 360 degree
delineation of the squamocolumnar junction, appegriransiently acetowhite,
generally implies that the likely habitat for cexai neoplasia has been successfully
surveyed. Squamous neoplasia is usually positiat@ty the squamocolumnar border
and extends distally within the transformation zo@¢andular neoplasia adjoins the
proximal squamocolumnar junction and extends tow#nd internal os.
The colposcopist indicate whether the entire SCd a@ansformation zone were
detected during the colposcopic exam. If detedtexl|ocation of the SCJ will be noted
as ectocervical, at the os, or endocervical. Ectica means full visualization of the
squamocolumnar junction with columnar and/or immatguamous metaplasia noted
on the ectocervix. At the os equates to the squalaomar junction positioned at the
external os and entirely identifiable. Endocervisabdefined as the squamocolumnar
junction position within the endocervical canal.
Morphologic correlates of vascular and epithelledrations in the tramsformation zone
can indicate neoplastic lesions. Leukoplakia anetaaehite epithelium are the two
epithelial findings of the abnormal transformatiaone. Punctuation, mosaic and
atypical vessels are the vascular patterns fourttiénabnormal transformation zone.
However, all these findings may be also presentarmal epithelium. Therefore the
colposcopist must critically appraise variations tifese potentially abnormal
characteristics. The colposcopist must also be ewhthe warning signs of invasive
cervical cancer.
The determination of the size and extent of thevical lesions conveys information
that directly impacts potential patient managemgstions. For instance, very large
lesions or lesions extending beyond colposcopievweéthin the endocervical canal
that require treatment are best managed by exaisioethods. The colposcopist will
indicate on the computer-based colposcopy docurtientaystem the presence of
abnormal transformation zone findings and the simed characteristics of cervical
lesions.
The colposcopist will also indicate whether the posktopic examination was
satisfactory or unsatisfactory. A satisfactory exasndefined as observing the entire
SCJ, and the proximal and distal extent of all aivlesions, when present. An
unsatisfactory exam is defined as the inabilitp$eess either entity. Colposcopists will
appropriately document the explanation for unsatisfry exams in the computer-based
colposcopy documentation system.
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Table: Summary of Assessment Terms and Definitions

Location of SCJ

Full visualization of the SCJ with columnar andyor

Ectocervical immature squamous metaplasia noted on |the
ectocervix

At the oS SCJ .positioned at the external os and entirely
identifiable

Endocervical SCJ positioned within the endocervieadal

Abnormal Transformation zone: Neoplastic lesions caracterized by variations
in:

Epithelial morphologig Leukoplakia
characteristics Acetowhite Epithelium
.| Punctuation
Vascular morphologic .
- Mosaic
characteristics

Atypical vascular patterns

Lesion size and extent: Number of cervical quadramstoccupied

Entire SCJ observed
Proximal and distal extent of any lesions obseryed

Satisfactory Examination

Inability to observe entire SCJ
Unsatisfactory Examination Inability to observe proximal and distal extent|of
any lesions present

The critical assessment of cervical lesion sevatgbles the colposcopist to select a
small amount of the abnormal tissue areas to saalfieugh biopsy placement has
been demonstrated to be inaccurate. Consideratidistinct features of the abnormal
transformation zone findings permits some assessofdesion specificity: Variation

in the lesion margin; lesion color of acetowhitenior perceived density; caliber of
vasculature, intercapillary spacing or vessel presgthe surface contour and presence
of bizarre atypical blood vessels suggestive ohsmne cancer help define the lesion
morphology. Variability is cumulatively considerdaly several severity indices to
predict lesion severity. Colposcopists may uselposzopic index of their preference
to predict the severity of disease. After docunmenthe overall impression of disease
severity, colposcopists will select characterist€ssingle lesions in the Colposcopy
Annotation Tool based on categories from the Raitp@scopic Index (RCI).

Outline of Colposcopy Procedures

1. Describe colposcopy procedure to patient and anguestions

2. Obtain appropriate history (potential pregnancy,mbehagic diathesis,
allergies)

3. Assist patient to dorsal lithotomy position

4. Insert warmed, non-lubricated speculum of appréprize and dimension into
relaxed vaginal introitus

5. Visualize the entire cervix through the colposcap®w power
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6. Use optional visualization adjuncts (i.e. condonrusber glove finger ‘tube’
over speculum, lateral side wall retractor, etc)nécessary to enhance
colposcopic visualization

7. Apply normal saline to the cervix to remove delamgl moisten the epithelial
surface

8. Examine the cervix through the colposcope payingiqudar attention to the
vascular patterns

9. Activate the green filter of the colposcope andneixe the vascular patterns, if
desired

10. Liberally apply 5% acetic acid to the cervix ustwjton balls and ring forceps,
large cotton swabs or by spray technique. Avoiduge of 4 x 4 gauze pads

11.Re-apply acetic acid to the cervix for a minimum 6ff seconds. Thereafter
reapply acetic acid every 3 to 5 minutes or whendblumnar epithelium no
longer is blanched white but is red.

12.Identify the entire squamocolumnar junction (3603ble

13.Identify acetowhite cervical lesions if present

14. Assess the severity of each cervical lesion

15. Take digital image

16.Obtain cervical biopsies and an endocervical cagettspecimen per cervical
biopsy protocol, if necessary

17.Inspect the vagina by colposcopic examination, gprapriate (discordance
between cytology and colposcopic impression). App¥g acetic acid to the
entire epithelium and then view by low power colpmsc magnification,
noting acetowhite vaginal lesions. Apply one hatésgth Lugol’'s solution to
the vagina and reinspect the vaginal epitheliumgiva lesions contain no
glycogen and thus will appear yellow in contrasttite normal, transiently
brown squamous epithelium.

18.Biopsy vaginal lesions when appropriate and plheespecimen into a labeled
bottle containing 10% buffered formalin.

19. Apply acetic acid to the vulva, perineum and petakareas for 3-5 minutes
only if considered necessary. (Acetic acid soak&di4auze pads work well)

20.Inspect the vulvar, perineal and perirectal areas dcetowhite or non-
acetowhite lesions

21.Biopsy vulvar, perineal and perirectal lesions wiagpropriate and place the
specimen into a labeled bottle containing 10% fdiMma

22.Document colposcopic findings using the digital tegs (colposcopic
impression, annotated biopsy sites and cervicaindscation)
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Annexure VI: CD4/CD8 result sheet

mtramural_to_lndia StUdV
Lab Report Form: CD4 (Immunophenotyping)

Date of Blood Collection (DD/Month/Yyyy)
Date of Inmunophenotyping analysis (OD/Month/yyyy) _ _ /_ ~ f
Parameters Value Unit

1. CD4 Absolute count |:| I:I |:| D cells/cu mm
2. CD4 Percent |:| D %
3. CD8 Absolute count I:‘ I:' |:| |:| cells/cu mm

4. CD8 Percent |:| |:| %
5. CD4:CD8 Ratio |:| |:| |:|

Staff initials/Date
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Annexure VII: Letters and Certificates
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Augusi 21, 2013

Vinay P. S

Senior Lecturer, Microbiology

USM-KLE International Medical Programmc (KLE University)
Disirici stadium road

Nehru Nagar

INMC Campus

Belgaum

India

Via email; vinay ps.microifemail.com

Sub: Samples from the NUI-ICMR-funded *Intramural-to-lndia’ study

Dear Mr. Vinay,

Lhank you for vour efforts on the NLU-ICMR-funded - Intramural-te-India” (*1-to-1") study
being conducted at the J.N. Medical College, Belpaum.

I have no objection for you to use the LIPY PCR results from the samples from LIV -positive
wormen enrolled in the T-to=1 study for your PhD work.

Please feel free 1o let me know if you have any questions or concerns.

Sincerely.

u
Vikrant V. Sahasrabuddhe, M.B.B.S., M.P.IL, Dr.P.1L
Program Divcetor

Breast and Gynecologic Cancer Research Group
Division of Cancer Prevention

National Cancer Inslilule

National [nstitutes of [lealth

United States Departinent of [lealth and luman Services

VaS Moedeal! Certer Drnie Tel: (2400 270-7332
R 3E-338, MNOUFAS Ferx: (2400 276-7N2K
Dredhevda, MIY 20892, US4 (for nrad deliver vikiren safosrabudd el

Rochville, MDY 20850, T8A (for conricr del SUEVERIOR.G

Page 206



Annexures

e | . B
%@w@g / ST V- =~
7) V4

— \
SL0Z-£0- 1€ : 31BQ ///;
12Z1uegip-0) Jazwuedin-0) )
SRBMAYS 401 210 095 - 2101eBueg Seq eAUNES "J01d
PR ;L 22UaIDS JO 2INILISU| UBLpU|
SR 55 $32US1DS Jedi8ojolg JO UOISIALQ

Jojeulpio-0)
yieunluew 'y "J04d 213U97) 201N0SaY SUPIOMISBN -ION oey esing "D "joid

%wo_ob (A Te[NII[O]A]
Ul suoLssas jedi3de.d uo spuey INO paliied pue sa.n1d3d] papualie sey

S d Aeulp uw
Jey3 A41349 03 St Sy

P02 3po9)

(5L0Z ‘LE Yyotew - GLOZ ‘0T Y24ew)
A30[0J1 A Je[NII[OJA] UO dOYSHIOAM P -

O.DCQU UU&ﬁOwwm WCMV—MOEDZ = UUD JU—N— % \

Page 207



Annexures

JIFI O3 3IeRidlel izAlel
NATIONAL AIDS RESEARCH INSTITUTE

(yiftar siregldaniar Siopsaamer 4RR4C)
(Indldin Councll of Medical Research)

(WHO Collaborating Cenfre for HIV Diagnosis and Monitoring of Anti iral Therapy)

Date: 4™ September 2015

CERTIFICATE OF ATTENCANCE AND TRAINING AT NARI, PUNE

This is to certify that Mr. Vinay. P. S, Ph.D. scholar, KLE University, Belgaum has
undergone training in Molecular methods for detection of Human Papillomavirus and
HPV genotyping.

He has tested his Ph.D. samples under my supervision from 31% August 2015 to 4"

September 2015.

0

Dr. Arati Mane

Scientist C

Plot No. 73, 'G" Block, M.1.D.C. Bhosari,
Pune - 411 026. Post Box No. : 1885
w 27331200

FAX Mo, 0091-20-27121071

E-miail ; nari@nariindia:org

Website | www.nari-icmr.res.in
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¥R 331 SIeRidrel IRATS
NATIONAL AIDS RESEARCH INSTITUTE

(i sagidania siezian aRag)
{Indian Councll of Medical Research)
(WHO Collaborating Centre for HIV Diagnosis and Monitoring of Anfiretroviral Therapy)

Date: 26" November 2015

CERTIFICATE OF ATTENDANCE

To whomsoever it may concern

This is to certify that Mr. Vinay. P. 8, Ph.D. scholar, KLE University, Belgaum has
visited National Aids Research Institute (NARI), Pune for data analysis and compilation
of his Ph.D. samples entitled “Detection of Human Papillomavirus genotypes in

HIV-infected women of child bearing age” and has compiled and entered the sample

D%\ﬂane

Scientist C

testing results under my supervision on 26" November 2015.

This is for your kind information.

3
(ol
L3

| esfysspimaiig Plat No. 73, 'G' Block, M.|.D.C. Bhosari,
st v Pune - 411 026. Post Box No. ; 1885
=™ 27331200

FAX Mo, D091-20-27121071

E-mail : nari@nariindia.org

Websile : www.nari-icmr.res. in
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IR 331 SIeRiATel 3i3ALel
NATIDNAL AIDS RESEARCH INSTITUTE

(anixddia snqfdana steiame aRuc)
(Indlan Councll of Medlcal Research)
(WHO Collaborating Centre for HIV Diagnosis and Monltoring of Antiretroviral Therapy)

Date: 4" September 2015

CERTIFICATE OF ATTENDANCE AND TRAINING AT NARI, PUNE

This is to certify that Mr. Vinay. P. S, Ph. D. Scholar, KLE University, Belgaum
has undergene training on Molecular methods of HPV genotype testing and also tested
his Ph. D. samples entitled “Detection of Human Papillomavirus genotypes in HIV
infected women of child bearing age” under my supervision from 12 August 2015 to

21% August 2015.

M

W

Piot No. 73, 'G’ Block, M.1.D.C. Bhosari,
Pune - 411 026. Post Box No. : 1895
™ : 27331200

FAX No. 0091-20-27121071

E-mail : nari@nariindia org

Website : www.nari-icmr.ras.in

, j } - i
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19T O3 3ieRidnel Ii32AT6l
NATIONAL AIDS RESEARCH INSTITUTE

(1ixelia sraqfdaa seiane tRac)
(Indian Councll of Medical Researeh)

(WHO Collaborafing Centre for HIV Diegnosis and Monitoring of Antiretraviral Therapy)

Date: 12" August 2013

CERTIFICATE OF PARTICIPATION

This is to certify that Mr. Vinay P.S. attended the training and discussion regarding the

implementation of HPV, | to | study, organized at NARI, Pune on the 12" and 13" August 2013.

{
]

1

® <
(o
W)
7
Dr. Arati Mane
Scientist C
[
B u
I h|

Plot No. 73, 'G’ Block, M.1.D.C. Bhosari,
Pune - 411 026. Post Box No. ; 1885
™. 27331200

FAX No. 0091-20-27121071

E-mail : nari@nariindia.org

Website ;| www.nari-icmr.res.in
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Annexure VIII: Publications

-
International Journal of Medical Research Professionals
P-ISSN: 2454-6356; E-ISSN: 2454-6364
DOI: 10.21276lijmrp
ITMRP
Original Research Article

presence of HPV by Roche Linear array (RLA) genotype assay

Received: 01-08-2016, Revised: 07-08-2016, Accepted: 27-08-2016
and thirty three samples which was positive for HPV in RLA

were furlher tested for HPY DNA by using 2 different primers. Access this article online

Results: From the 33 samples which were positive in RLA Website: Quick Response code
HPV DNA was detected in 63.7% (21 of 33) and 72.73% (24 of | wwwijmep.com

33) of the samples by using the MY09/11 and the G5/G8 e

primer sets, respectively. Among the 24 HPY-positive samples,
M %%&%%WW&WWWLWWMI
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Comparison of G5/G6 and MY09/11 in assessment of HPV status
80.00 { 72.73
70.00 1 6364
: o]
@ 60.00
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[Downloaded free from hitp://mww_amhsjoumal.org on Wednesday, December 29, 2021, |P: 240.29.10.26]

HIV-Infected Women from Belagavi: A Di

Southwest Indian State of Karnataka

Vinay Pala, Chidanand Patil’, Mahantesh B. Nagmoti®, Anita Dalal, Arati Mane®

Departement of Microbiology, KAHER, 'Department of Microbiology, USM-KLE International Medical Programme, KAHER, Departments of *Microbiology and
*0bstetrics and Gynecology, J N Medical College, KAHER, Belagavi, Kamataka, *Division of Microbiology, National AIDS Research Institute, Pune, Maharashira, India

Background and Aim: Human papillomavirus (HPV) infection is the established cause of cervical cancer. There is sparse literature with regard
to HPV infection from the southern Belagavi region of India. This study was aimed to detect the HPV genotype distribution, the associated
risk factors, and relation with cervical precancerous lesions among HIV-infected women from Belagavi, India. Materials and Methods: In
this prospective observational study, a total of 214 HIV-infected women aged 18-45 years were recruited. Cervical samples were subjected
to the Roche Linear Array assay for HPV detection and genotyping. Cervical status was determined by composite assessment of cytology,
colposcopy, and histology. Data were analyzed using Software R version 3.6.0. Results: Of the 197/214 women with the adequate cervical
sample, 86 (43.6%) were HPV positive, and 111 (56.3%) were HP'V negative cases. A total of 132 (69.1%) women had normal cervical
status, 26 (13.6%) had CIN1 lesions, 1 (0.5%) had CIN2 lesions, and 12 (6.3%) had CIN3 lesions. Single HPV infection was detected in
47 (54.6%) women and multiple (22) HPV genotypes were detected in 39 (45.3%). The HPV genotypes detected in descending order of
frequency were HPV 16, HPV 33, HPV 35, HPV 52, and HPV 58. Ever pregnant (parous) women were 4.47 more likely to have HPV infection.
Conclusion; A high prevalence of HPV infection. with a wide diversity of IIPV genotypes and a greater prevalence of IIPV 16 among
HIV-positive women from Belagavi, India, was observed. Parity was the independent factor associated with HPV detection.

Keywords: Cervical intraepithelial neoplasia. colposcopy, genotype. human papillomavirus. pregnancy

INTRODUCTION sexually ransmitted co-infections such as HIV and syphilis. In
addition, being sexually transmitted infections, several studies
have shown that HIV acts as an enhancer or co-factor of HPV
infections. "3 Highly comprised host immune systems of the
HIV-infected patients are highly susceptible to infections.
Many investigations elucidated that HIV-positive individuals
are more likely to have multiple HPV infections and a high
HPV viral load than their HTV-negative counterparts.'*”! In
this regard, CDC has listed cervical cancer as one of the

Human papillomavirus (HPV), a DNA virus, affects the basal
epithelial cells, particularly ofthe skin and mucosal regions.!!
Among the identified HPV genotypes namely 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 39, and 66 are implicated in
the causation of various types of cancer, including cervical,
mucosal anogenital and head and neck cancers [ Furthermore,
the chances of unidentified genotypes and possible chances
of devastating ill effects exist.”! Depending on their ability
to cause cancers and lesions, the identified genotypes were T Do
broadly classified as high risk (HR) (genotype 16,18, 26,3 SRNnEN JF COIRNPOIRENG0. W VISR
1,33,35,39,45,51,52,56,58.59, 66.68, 73.82) and low risk il e L e Ul sl
types (genotype 6,11 .40.42.43 44,53 54 61,7273 81) 14

Submitted: 04-Jan-2021 Revised: 23-Aug-2021

Accepted: 26-Aug-2021 Published: 29-Dec-2021

The transmission of HR HPV is directly attributed to several
factors such as anatomical locations, HPV genotype, viral load,
cofactors such as oral contraceptives, high parity, smoking, and

This is an open accessjournal, and aticles are distributed under theterms of the Creative

Commons i NonCommercial-Sh like 4.0 License, which allows others to
remix, tweak, and bufld upen the work non-commercizlly, as long as appropriate credit
Quick Response Code: is given and the new creations are licensed under the identical terms.
E 'E ekt For reprints contact: WKHL dknow_reprint Iterskd com
www amhgoumal org

How to cite this article: Pala 'V, Patil C, Nagmoti MB, Dalal A, Mane A,

- DOIT: Detection and genotyping of human papillomavirus among HIV-infected

E 10.4103/amhs amhs_4_21 women from belagavi: A distnet place from the southwest Indian state of

= . Kamataka. Arch Med Health Sei 2021:9-200-15.

-t 2021 Archives of Medicine and Health Sciences | Published by Wolters Klwwer - Medknov ﬂ
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Pala, er ai - Genotyping of HPV smong HIV-nfected women

AIDS-defining illness. Meanwhile, several investigations have
also reported HPV acts as a cofactor in HIV acquisition.™

In developed countries, the incidence of cervical cancer cases
varies from 10 to 30 per 100,000 women.[? The regional
disparity in the incidence in India is due to a lack of necessary
infrastructure and quality control of high-quality cytology
screening that is not feasible for wide-scale implementation.
It is reported that about 5% of the women in the general
population in India harbor in the cervix.'” Despite being
the gold standard, Pap smear screening is not done routinely
in Indian scenarios due to unawareness and casual attitude
in women, lack of sensitivity and specificity, and regular
follow-up visits."" Eventually, diagnosis of cancer is made
only during advanced stages. Furthermore, the availability of
HFPV vaccines makes it essential to understand the geographical
distribution of HPV genotypes. 3 Application HPV vaccines
are effective in epidemiological studies in India will let public
health to know about the vaccine used to protect Indian women.
The older quadrivalent HPV vaccine covers five oncogenic
types (31, 33, 45, 52, and 58). The new nine-valent vaccine
added extra four genotype (6. 11, 16, and 18).1% Currently three
HPV vaccines—9-valent HPV vaccine (Gardasil® 9, 9 vHPV),
quadrivalent HPV vaccine (Gardasil®, 4 vHPV), and bivalent
HPV vaccine (Cervarix®, 2 vHPV) are available. All three
HPV vaccines protect against HPV types 16 and 18 that cause
most HPV cancers.

In another study from the Karnataka state, a comparative
estimation of the virus infections of the cervix among women
from the general and tribal population which revealed a
different type-specific pattern of viral infection.™ Studies
showing HPV genotype distribution and their association with
cervical disease status among HIV-infected women from the
southern region of Belagavi, A distict place from southwest
Indian state of Karnataka spare. Thus, this study was aimed
to detect the HPV genotype distribution among HIV-infected
women and to determine their association with cervical
precancerous lesions,

MarteriALs AnD METHODS

The study was approved by the Ethical Committee
of KLE University Belagavi, India (Ref No. KLEU/
Ethic/2012-13/D-4573). This prospective observational study
was carried out for 1 vear from June 2013 to June 2014 in
the Obstetrics and Gynecology Clinic of KLE’s Prabhakar
Kore Hospital and Medical Research Center, Belagavi, India.
By convenient sampling technique, consecutive confirmed
HIV-1 positive women, regardless of their current status
of CD4+ count and antiretroviral treatment (ART) usage
attending the clinic were recruited. After obtaining a written
informed consent form, a total of 214 HIV-positive women
aged 18—45 years, were enrolled in the study. Patients with a
history of hysterectomy, abnormal bleeding who were pregnant
and in active labor were excluded from the study. Other factors
like hormonal contraceptives and tobacco smoking might

influence the HPV infection, however, these factors are not
included in the study.

Demographic data of all the participants were collected and
recorded in a precoded pro forma. All patients underwent
routine gynecological examination and were connseled on the
risk of sexual behavior and provided with contraceptives if
needed. A standardized noninvasive colposcopy examination
was performed by a trained gynecologist and confirmatory
procedures about histology were performed in participants with
clinical evidence of cervical abnormalities. The colposcopy
and histology results were reported as per Richart cervical
intraepithelial neoplasia (CIN) system. Cervical smears were
collected with the help of Ayer’s spatula and cytobrush from
the squamocolumnar junction. The glass slides were then
fixed by using 95% ethyl alcohol. The smears were stained
with Papanicolaou stain, and findings were reported according
to the revised Bethesda system (2001). Cervical status for
the participants was classified as “normal” based on normal
cytology, “low grade” based on either low-grade squamous
intraepithelial lesions on cytology or CIN1/2 on histology, and
“high grade” based on high-grade squamous intraepithelial
lesions on cytology or CIN3 and severe/invasive cancer on

histology. !

Human papillomavirus genotyping

Cervical samples were collected from the transformation zone
of the cervix immediately stored in the PreservCyt Solution
at 4°C and transported to the laboratory at the Department
of Microbiology where they were further stored at —20°C
until DNA extraction. HPV detection and genotyping were
done with the Linear array HPV genotyping test (Roche,
Branchburg, NJ, USA). HPV and cellular DN A was released
by lysing cervical cell specimens using lysis buffer under
denaturing conditions at elevated temperatures in the presence
of proteinase K followed by DNA purification in columns
with a silica-based membrane using vacuum processing.
All the pre- and post-DNA extractions were carried out in
a separate room to avoid errors due to contamination. The
polymerase chain reaction (PCR) amplicons were denatured
and subjected to hybridization on linear array HPV genotyping
strips coated with HPV type-specific and human beta-globin
probes according to the manufacturer’s instructions. The
biotin-labeled amplicons hybridized to the probes only if
the type-specific sequence matched those of the amplicons.
The biotin-labeled amplicons were detected by colorimetric
development, and the results were read visually by comparing
the pattern of colored lines to the provided reference guide.
Each run was performed with negative and positive controls
provided by the manufacturer to monitor the quality and
performance of the assay.

Stalistical analysis

Statistical analysis was performed using software R version
3.6.0. please change to software R version 3.6.0 (R Core Team,
Vienna, Austria). The normality of the data was determined
using the Shapiro-Wilk test. Continuous variables with normal
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distribution were presented as mean + standard deviation
and compared using paired f-test, whereas Chi-square test
was employed for dichotomous data. Mann-Whitney I test
was performed for variables without normal distribution.
Categorical variables were presented as frequencies and
percentages. Factors influencing the HPV were analyzed
logistic regression test. Risk was also evaluated by the
prevalence odds ratio and their 95% confidence interval (CI).
A P < 0.05 was considered statistically significant at 95% CT.

F*
0.6277
0.8921
0.6172
0.5952

CIN 3 (n=5)
0
0
o
0

=2’

csooe Resutrs

Outof 214, 197 samples were considered for further analysis,
as the remaining 17 samples were contaminated. The mean
age of the women was 33.93 £ 5.7 years and the median
CD4 + count was 468 cells/'mm’® (interquartile range: 344—
629). Majority of the women were receiving ART (96.26%).
Sixty-nine (32.2%) patients are married and cohabiting with
their husbands, 59 (27.6%) were illiterate, 28 (59.8% ) reported
total family income < 2500 INR. monthly. A total 0£20.09% of
the study participants reported age at first sexual intercourse as
18 years. Twenty-five (11.7%) patients are reported to have =2
lifetime sexual partners.

CIN2 (n

Percentage (95% 1)
CIN 1 (n=13)
7.69 (0-22.15)
15.38(0-35)
7.69 (0.22.18)
0

13)

A total of 132 (69.1%) women had normal cervical status,
26 (13.6%) had CIN1 lesions, | (0.5%) had CIN2 lesions,
12 (6.3%) had CIN3 lesions, while the rest had inadequate
colposcopy. None of the women had invasive cervical cancer.

Inadequate (n
i
7.69(0-22.18)
il
7.69 (0-22.18)

Out of 197 participants, 86 (43.6%) cases were detected with
any HPV genotype; single HPV genotypes were found in
47 (54.6%) and multiple (=2) HPV genotypes were found
in 39 (45.3%) cases. 111 women were negative for HPV
infection. The HPV genotypes detected in descending order
of frequency were HPV 16, HPV 33, HPV 35, HPV 52, and
HPV 58. The distribution of HPV genotypes by cervical status,
among HIV-infected women is presented in Table 1. HPV 16
and HPV 72 were the significant genotypes detected in women
with CIN lesions as compared to those with normal cervical
status [Table 1].

=53)
1.89 (0-5.54)

9.43 (1.56.17.30)
1.89(0-5.54)

1.89 (0-5.54)
mterval, CIN: Cervical intraepithelial neoplasia

Normal (0

86), 1 (%) (95% CI)
(2.33)(0-5.51)

2(2.33)(0-5.51)

£d

The association of participant characteristics with HPV positivity
is depicted in Table 2. By logistic regression model, ever
pregnant women or parity was found to be at the significant risk
factor of getting any HPV infection. By multivariable logistic
regression, the presence of non/un carcinogenic, possibly
carcinogenic, carcinogenic, and single and multiple HPV
showed no significant association with CIN2+ lesions [Table 3].

2(233)(0-551)
8(9.3)(3.16-15.44)

Overall (n
virus, CL: C

il

Discussion

A high percentage of research indicated that HIV-infected
women are at higher risk of developing cervical cancer
due to the persistence of immunosuppression. Furthermore,
higher prevalence of multiple opportunistic infections and a
broad range of HPV genotypes were reported in HIV-infected
women.' To the best of our knowledge, this cross-sectional
study is the largest one to date to determine the prevalence and

HPV CP6108

HFV IS39

*Chi-square test. HPV: Human

HPV 83
HPV 84

Table 1: Contd...
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Table 2: Risk factors associated with human papillomavirus infection

Factor Any HPV Single HPV Multiple HPV HPV 16 Non-HPV 16
Age (years) 0.99 (0.94-1.05) 0.97 (0.91-1.03) 1.02 (0.96-1,09) 0.99 (0.90-1.09) 1.01 (0.92-1.11)
Education
Literate 0.50(0.02-5 66) 1.57 (0.07-18.25) - - -
Tlliterate Reference
Occupation
Salaried 090(048-1.72) 063 (0.31-1.30) 1.59 (0.71-3.86) 3.30 (0.87-21.69) 0.30(0.05-1.15)
Hounsewife Reference
Ever pregnancy
Yes 447 (1.01-31,58) - 1.01 (0.21-7.37) - -
No Reference
Number of pregnancies
>3 0.86(0.35-1.87) 1.14 (0.45-2.73) 0.73 (0.25-151) 088 (D.18-3.19) 1.13(031-5.43)
3 or less Reference
Mumber of seX partners
2 or mare 1.80(0.73-4.59) 1.34 (0.47-3.51) 1.41 (0.47-3.83) 2.12 (0.53-7.11) 0.47 (0.14-1 90)
1 Reference
Use of contraception
Yes 0.73 (0.37-1.42) 0.89 (0.43-1.90) 0.90 (0.40-2.10) 1.42 (0.45-541) 0.71(0.182.22)
No Reference
Sereened for CC
Yes 0.96(0.16-5.53) 1.06 (0.85-1.28) 0.95 (0.68-1.18) 1.11(0.78-1.35) 0.93(0.74-1.28)
No Reference
STI symptom
Yes 1.10{0.52-2.34) 1.30(0.5-2.93) 0.95 (0.35-2.37) 0.92 (0.20-3.20) 1.08 (0.31-5.11)
No Reference
Hist of opportumstic infection
Yes 1.64(0.55-5.57) 1.45 (0.42-6.71) 1.83 (0.45-12.39) . i
No Reference
CD4 (%) 1(0.97-1.02) 0.99 (0.96-1.01) 1.01 (0.99-1.04) 1.01 (0.97-1.05) 0.98 (0.95-1.03)

Indicates that varables are excluded as

“*Absence of outcome like any HPV, single HP'V is a taken as infemal standard, 197 subjects considered, --

zero counts. HPV: Humen papillomavirus, STL Sexually transmitted mfections, CC: Cervical cancer

that HIV-positive women are indeed at greater risk for
the development of cervical cancer. Recent research has
demonstrated different findings for HPV prevalence among
HIV-infected women: furthermore, the tendency to a
higher prevalence among HIV-infected cohort is invariably

Table 3: Relationship of prevalent carcinogenic

human papillomavirus genotypes with risk of cervical
intraepithelial neoplasia 2+ and cervical intraepithelial
neoplasia 3 in HIV positive subjects

Variable OR (95% CI) identified.*¥ Globally, the estimates of the prevalence of
CIN2+ and 3 CIN2+and 3 HPV among these cohorts varied by the level of the HIV
(versus N) (versus <CIN1) epidemic and region.'"! This variation of HPV prevalence
Carcinogenic 431 (0.67-84.07) 237(0.2949.12) in various geographical locales could be to differing
Possibly caremogenic 222(026-1456) 260(027-2092) immunological and behavioral status of the participants,
Non/un carcinogenic 0.63 (0.11-3 33) 0.76 (009-5.80) as well as the differences in sensitivity of the assays and
Singls 0.54 (0.09-2.71) 1.22(018-1049) primers used for PCR.'
Multiple 1.86 (037-10.62) 0,82 (0.10-5.69) _
*OR. are adiveted Tor age, Miumbéx of pregmancs, 15 ol conimcsphion, In the present study, diverse HPV genotypes were detected
and CD4. Nomal and inadequate CIN is considered as “<CIN1." in women with both normal services as well as with cervical
OR: Odds ratio, CI Confidence interval, CIN: Cervical mtraepithehial precancerous disease. This diversified HPV genotypes in
neoplasia HIV-infected women are more frequently associated with

the activation or persistence of pre-existing infections, due to
reduced immunity."” Minkoft et al. and Sun er al. reported
HPV DNA prevalence in their studies as 73% and 60% of
HIV-infected women, respectively. Studies conducted in Sao
The present study documented an overall higher prevalence  Paulo and Brazil also showed 98% and 100% of HPV among
of HPV infection (43.6%) with multiple genotypes indicating ~ HIV-infected women, respectively.[&-19

distribution of specific HPV genotypes among HIV-infected
women in Belagavi, A distict place from the southwest Indian
state of Kamataka.

b
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In the present study, HPV 16 was the commonest genotype
found among HIV-infected women, followed by HPV
33, HPV 52, and HPV 58. Similar to our study findings,
Mane er al ' also reported that HPV 16, HPV 52, and HPV
58 as the most commonly encountered genotypes in their study
conducted in HIV-infected women in the Western part of the
country."* In contrast, Luque ef al. and Badial ef al. reported
a greater prevalence of other genotypes among HIV-positive
women. ™! Generally, HPV 16 has good evolutionary ability
to escape the immune surveillance effects, while genotypes
other than HPV 16 are often controlled by immunity.>¥
Rescarch also indicated that increased HPV prevalence are in
direct proportion with the severity of immunosuppression,!'*!
We found that parity as the only factor is significantly associated
with any HPV infection. This can be attributed to the changed
hormonal milieu due to pregnancy and immune response
might favor the presence or persistence of HPV infection,™ !
According to Liu ef al.. 2018 HIV-positive women have higher
risk of acquiring HPV, with risk inversely associated with
CD4 cell count.P5T According to Levi ef al., 2002 HIV-positive
women have higher risk of acquiring HPV, with risk inversely
associated with CD4 cell count. ™"

Our study had its limitations, and first we did not consider the
ART duration for further evaluation of differences between the
immunocompetent and immune-replete status of women on
ART. Second, we did not follow-up the patients after hospital
discharge. Also, we acknowledge that we will not be able
to generalize the findings due to the small sample size and
single-centered nature of the study, which emphasizes the need
for larger and prospective cohort studies further to elucidate the
association of immunosuppression with HPV risk. Our study
definitely provide incident data, however, it requires further
screening at primary health centers to have the effective study
of incidence and/or prevalence

ConcLusion

We observed a high prevalence of HPV infection among
HIV-positive women from Belagavi, India, with a wide
diversity of HPV genotypes and a greater prevalence of HPV
16. Being pregnant (parity) was the only independent factor
associated with HPV detection, warranting further studies to
determine the correlation with pregnancy outcomes, In Cosmo
Politian cities/3 tier cities there is a gap in the knowledge
which might be essential for the policymakers, and also
present publication might help treating clinicians towards
incidence data. The present finding is also having relevance
to cancer prevention programs early screening of the HPV can
definitely help in early diagnosis and treatment, which in turn
might reduce mortality. However, our study might not directly
associated with HVP vaccine.
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Abstract:

BACKGROUND: Women are known to be at high risk of human papillomavirus (HPV) infection
and its associated cervical pathology. However, limited data are available on circulating genotypes,
especially among human immunodeficiency virus (HIV)-negative women. Therefore, the present
study was designed to gauge the prevalence of HPV genotypes in HIV-negative women.
MATERIALS AND METHODS: This cross-sectional study was conducted on a total of 96 HIV-negative
women in the age range of 18—45 years. Cervical samples were collected from the transiormation
zone of the cervix using the deoxyribonucleic acid collection device (cytobrush), which was rinsed
in 20 ml of PresernvGyt® vial (Hologic, Inc.). HPV genotyping was done with the linear array HPV
genotyping test (Roche, Branchburg, NJ, USA) at National Aids Research Institute, Pune.
RESULTS: A significant linear increasing trend in proportion of carcinogenic and noncarcinogenic
genotypes over grade was observed (P= 0.039 and P= 0.0024, respectively). HPV 59 was reported to
be the most common genotype followed by 16, 53, 62, and 72 but without any statistical significance.

CONCLUSION: Screening strategies incorporating HPV genolyping and vaccination should be
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Introduction

Human papillomavirus (HPV) is
nonenveloped deoxyribonucleic
acid (DNA) virus with 7900 bp that infects
keratinocytes of the stratified cutaneous
and mucosal epidermis. HPV is classified
into more than 200 genotypes, out of which
more than 50 genotypes are associated with
anogenital infections, and these genotypes
are further subdivided into two broad
groups as high-risk (HR) and low-risk (LR)
genotypesbased onits oncogenic potential®?
as well as cutaneous and mucocutaneous
based on tissue tropism.?!

This is an open access journal, and articles are

effective in preventing cervical cancer in HIV-negative women.

Carcinogens, genotype, Papillomaviridae, prevalence, vaccination

HPV infection is identitied as one of
the most common sexually transmitted
infections worldwide along with human
immunodeficdency virus (HIV) and syphilis.
Certain genotypes of HPV are also identified
as the leading cause of cervical cancer,
which is the second most common cancer
in middle-aged women. HPV genotypes
have been associated with the development
of several types of squamous epithelial cell
tumors such as cervical, vulvar, anal, penile,
and oropharyngeal cancer representing 6%
of cases worldwide.®3 The most common
HR-HPV is 16 and 18, and approximately
70% of cervical cancer cases are due to these
genotypes. LR-HPV, especially b and 11, are
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predominantly involved in the development of genital
“rartsllﬂ]

Cervical cancer prevention programs consist mainly of
cervical cancer screening by Papanicolaon (Pap) smear
for early detection of precancerous lesions.” Although
screening programs are in place and effective, cervical
cancer remains a burden for any nation due to a large
proportion of women who remain unscreened or
unaware, as well as false-negative Pap test results due

to poor sensitivity of the test.**

With the recent advancement in HPV vaccine
introduction, there is aneed for knowing the genotypes
prevalent in the community 1! Since the sensitivity
and specificity of Pap smear are poor, cervical cancer
screening programs are switching from cytology-based
screening to HR-HPV testing. Therefore, PCR testing is
a sensitive and noninvasive method for determining the
presence of a cervical infection since HPV genotyping
is important to determine the presence of HR types.
However, limited data are available on circulating
genotypes, especially among HIV-negative women.™

In light of the above knowledge, the present study was
designed to gauge the prevalence of HPV genotypes in
HIV-negative women in Belagavi, Karnataka, and investigate
the types of HPV most frequently found in these patients.

Materials and Methods

Study design

This cross-sectional study was approved by the Human
Research Ethics Committee of the KLE University,
Belagavi, India, in June 2013. The study participants
45 years (reproductive age), attending department of
obstetrics and gynecology. Women were excluded if
they had never been pregnant, had a h}!slereclomy,
were in active labor, had abnormalbleeding, had history
of sexually transmitted disease, or were unwilling to
participate in the study. The study was explained to
patientsin their local language or English. The informed
consent was obtained fromall the study participants after
providing the study fact sheet. A total of 96 HIV-negative
women of age =19 years were included in the study.

Data and sample collection

Demographic data of all the participants were collected
and recorded in a structured questionnaire, which was
approved by the ethics committee through interview by a
gynecologist. After collecting data and informed consent,
participants were subjected to routine gynecological
examination which included general, pelvic, and
speculum examination and sample collection. Based

on the data provided by the participants, they were
counseled on risk of sexual behavior and provided with
contraceptives if needed. Return appointments and
referrals were made as required by the gynecologist.

Samples for Papanicolaou test

The smears were collected with the help of Ayer's spatula
and cytobrush from the squamocolumnar junction
by following the American Society of Cytopathology
guidelines. The cellular material obtained was quickly
smeared on a clean grease-free glass slide. Two smears
were prepared for each case, The glass slides were then
fixed by using 95% ethyl alcohol. The smears were
stained with Pap stain. Slides were examined under light
microscope and were reported by a pathologist according
to the 2001 Bethesda Systemn 1%

Samples for human papillomavirus genotyping

Cervical sampleswere collected from the transformation zone
of the cervix using the DNA collection device (cytobrush)
which is rinsed in 20 ml of PreservCyt® vial (Hologic, Inc.).
Samples were immediately stored at 4°C and transported
to the laboratory at the department of microbiology where
they were further stored at —20°C until DNA extraction.

Human papillomavirus genotyping

HPV genotyping was done with the linear array HPV
genotyping test (Roche, Branchburg, NJ, USA) at
National Aids Research Institute (NARI), Pune.

Total DNA was extracted from cervical samples collected
in PreservCyt medium solution and purified using
the Amplilute Liquid Media Extraction Amplicor
kit, following the manufacturer instructions (Roche
Molecular Diagnostics, Branchburg, NJ, USA). All
samples were genotyped by Linear Array HPV
Genotyping Test as previously described."***

Statistical analysis

Data analysis was done using R i386.3.5.1. R Foundation
for Statistical Computing Vienna, Austria statistical
software z. Continuous data were represented in the form
of mean + standard deviation, and the categorical variables
were represented by the frequency table. Trend analysis
was done using Cochran Armitage trend test. Crude odds
ratio was used to study the factors influencing the HPV.
AP = 0.05 was considered statistically significant.

Ethical clearance
Institutional Ethical Committee with Ref no KLEU/
Ethic/2012-13/D-4573 dated 18.03.2013.

Results

A total of 96 participants were enrolled in the study of
meanage 32.07 £06.79 years, consisting of 13 HPV-positive
and 83 HPV-negative cases.
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Almost 84.38% of women were married of which14.8%  which is contradictory to the study by Teixeira et al. that
had HPV. Among the participants 74.47% used the stated higher HR HPV prevalence in older age groups
contraceptives. The current study reported that age was ~ than in younger age groups (<26 years: 7.3%; 26-30
significantly assodated with nen HPV 16 genotypes  vears: 13.2%; 31-35 years: 11.9%). Condom followed

Table 1: Baseline characteristics

Factor Subcategory Overall, HPV (based on genolype result)
n (%) Yes (n=13), n (%) No, n (%)
Age group 19-24 14 (14.74) 3(21.43) 11 (78.57)
2529 14 (14.74) 2 (14.29) 12 (85.71)
30-34 20 (30.53) 4(13.79) 25 (86.21)
35-39 20 (21.05) 1(5) 19 (95)
=40 18 (18.05) 2(11.11) 16 (88.89)
Marital status Marriad 81(84.38) 12(14.81) 60 (8519)
Divorced 7(7.29) 0 7 (100)
Widow 3(3.13) 0 3(100)
Mot disclosed 5(5.21) 1(20) 4 (80)
MNumber of family members 12 5(5.21) 1(20) 4 (80)
34 45 (46 88) 7 (15 56) 3B (84 44)
56 32 (33.33) 3(9.38) 29 (9063}
=7 14 (14 58) 2(14.29) 12 (85.71)
Education Literate 88 (91.67) 11 (12.5) 77 (87.5)
Iliterate 8 (8.33) 2(25) 6 (75)
Addiction Yes 12 (12.5) 2 (16.67) 10 (83.33)
Mo 84 (87.5) 11 (13.1) 73 (86.9)
Ever pregnant Yes 87 (90.63) 12(13.79) 75 (86.21)
Mo 9 (9.38) 1(11.11) B (88.89)
Mumber of pregnancies (among 1 26 (29.89) 6 (23.08) 20 (76.92)
eVer pragnant women) 2 38 (43 68) 4 (1053) 34 (89.47)
3 17 (19.54) 2(11.78) 15 (88.24)
4 6(6.9) 0 6 (100)
MNumber of live births (among 0 2(2.3) 0 2 (100)
ever pregnant women) 1 40 (45 98) 8(20) 32 (80)
2 30 (34.48) 2 (6.67) 28 (93.33)
3 14 {16.09) 2(14.29) 12 (8571)
4 1(1.15) 0 1 (104)
Age of 1¥ vaginal intercourse Minor 7(7.29) 3 (42.86) 4 (57.14)
1827 65 (67 71) 10 (15 38) 55 (84 62)
2327 18 (18.75) 0 18 (100)
28 and abave 4{4.17) 0 4 (100)
Mever 2 (2.08) 0 2 (100)
HNumber of sexual 1 88 (92.71) 12(13 48) 77 (8652)
partners {excluded 2 subjects) 2 5(5.21) 1(20) 4 (80)
Use of contraception Yes 70(74.47) 10(14.29) 60 (85.71)
Mo 24 (25.53) 3a(12.5) 21 (87.5)
Type of contraceptive (among Birth control pill 14 (20) 0 14 (100)
subjects who used contraception) Injectable contraceptive B (857) 2 (33 33) 4 (66 67)
Condom 51 (72.86) 9 (17.65) 42 (82.35)
Diaphragm 0 - -
Copper-T 30 (55.71) 6(15.38) 33 (84.62)
Others 1(1.43) 0 1 (100)
Period of using contraception Month 14 (20) 3 (21.43) 11 (78.57)
Year 56 (80) 7(125) 49 (87.5)
Use of contra. In last month Yes 31 (44.29) 2 (6.45) 29 (93.55)
No 39 (65.71) 8(20.51) 31(79.49)
Screenad for cervical cancer - -
How many times screened - -
*Ganolype rasull “No” is conaidered as HPV absent. HPV: Human papillomavirus
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by Copper-1 was reported as the common type of
contraceptive used [Table 1].

It has been observed that out of 13 HHPV-positive cases,
7 had Grade 1+, 5 had Grade 2+, 9 had Grade 3+, and
2 had Grade 4+. A significant linear increasing trend
in proportion of carcinogenic and noncarcinogenic
genotypes over grade was observed (P = 0.039; P = 0.0024,
respectively). HPV 59 was reported to be the most
common genotype followed by 16, 53, 62, and 72 but
without any statistical significance [Table 2].

Using univariate logistic regression, it was concluded
that age was significantly associated with non-HPV
16 genotypes. Using odds ratio, it has been concluded
that, for l-year increase in age, odds of absence
of non-HPV 16 genotype increased by a factor
1.14 [Table 3].

Discussion

During the last few years, Pap smearis being replaced with
HPV genotyping due to high sensitivity and specificity.

Table 2: Prevalence of human papillomavirus genotypes, overall and stratified by grading among human

papillomavirus

Genolype Overall, n (%) (95% CI)

Grading P

1+ (n=7)

2+ (n=5) 3+ (n=9) 4+ (n=2)

Carcinogenic

12(52.17) (32.52-71.31) 2857 (6.47-64.77) 20 (2.25-62.86) 8889 (5855-98.77) 50 (6.08-93.92) 0.0396*

Possibly’ carcinogenic 3(13.04) (3.81-30.87) 0 20 (2.25-62.86) 11.11(1.23-41.45) 50 (6.08-93.92) 0.1485
Moncarcinogenic 8(34.78) (18.02-5511) 7143 (3523-93.52) 60 (20.94-90.56) 4] 0 0.0024*
Carcinogenic HPV genotypes
HPV 18 2(8.7) (1.8525.09) 0 [¢] 2222 (49354 38) 0 0.268
HFV 59 10 (43 48) (24.99-63.50) 2857 (6.47-64.77) 20 (2.25-62 86) 6667 (34.78-89.58) 50 (6.08-93.92) 0.1487
Possibly’ carcinogenic HPY
genotypes
HPV 53 2(8.7)(1.85-25.09) 0 20 (2.25-62 86) 0 50 (6.08-93.92) 0.268
HPVY 70 1(4.35) (0.47-18.58) 0 ] 1111 (1.23-41.45) 0 0.4442
Individual “noncarcinogenic”
or “unknown carcinogenic”
HPV genotype
HPV 42 1(4.35) (0.47-18.58)  14.29 (1.59-50.08) 0 0 0 0.1918
HPV 54 1(4.35) (0 47-1858)  14.29 (1.59-50.08) 0 0 0 01918
HFV &1 1(435) (047-1858)  14.29 (1.59-50.08) [¢] 4] 0 01918
HPV 62 2(87)(1852509) 14.29(1.59-50.08) 20 (2.25-62 86) 0 0 0.2542
HPY 72 2(8.7)(1.85-25.09)  14.29 (1.59-50.08) 20 (2.25-62 86) 0 0 0.2542
_Cps108 1(4.35) (0.47-18.58) 0 20 (2.25-62 86) 0 0 0.7871
*Significant. HPV: Human papillomavirus, Gl Confidence interval
Table 3: Logistic regression analysis
Factor Any HPV Single HPV Multiple HPV HPV 16 Non-HPV 16
Age (years) 0.92 (0.83-1.01) 0.93 (084-1.03) 0.85 (0.64-1.05) 1.16 (0.95-1.55) 0.88 (077-0.98)
Education
Literate 0.43 (0.08-3.17) 0.34 (0.06-2.63) 0.49 (0.02-11.09) 0.49 (0.02-11.09) 0.34 (0.06-2.63)
literate Reference
Addiction
Yes 1.33 (0.26-6.88) 1.67 (0.23-7.84) 1.32 (0.06-29.12) 7.55 (0.27-209) 0.67 (0.034.13)
Mo
Ever pregnancy
Yes 1.28 (0.15-11.17) 286 (0.16-52 46) 0.09 (0.01-1.63) 0.56 (0.02-12.45) 1.04 (0.16-21.21)
Mo Reference
Mumber of sex partners
2 1.65 (0.08-12.61) 2.03(0.21-19.95) 3.25(0.14-76.41) 2.03 (0.08-15.81)
1 orless Reference
Use of contraception
Yes 1.28 (0.35-6.19) 1.77 (0.35-8.80) 0.36 (0.01-9.81) 1.93 (0.09-41.64) 0.99 (0.24-4.05)
No Reference
HFV: Human papillomavirus
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Linear array genotyping and PCR testing with several
primers were commonly used in many laboratories for
HPV detection."# Linear array test, launched in 2006,
is a PCR-based strategy with pooled primer sets, coupled
to hybridization to specific probes for 37 anogenital HPV
genotypes immobilized on a nylon strip. 2

The prevalence of HPV DNA in the present study was
observed to be 13/96, which was in slight contrast
with the study conducted by Sun et al.® with HPV
DNA being detected in 36% of negative women, and
Minkoff et al. found a prevalence of 43%.59 A study by
Veldhuijzen ef al. showed the prevalence of HR-HPV as
31.8% and LR-HPV as 32.4% in HIV-negative women.™"
A mela-analysis conducted by Women's Interagency HIV
Study, 1999 showed prevalence of 28% in HIV-negative
women, respectively. Brazilian studies conducted by
Campos et al.® found HPV DNA prevalence in 23.7%
of cases. Nevertheless, Levi et al.® showed 100% of
HIV-negative women positive to HPV DNA. In this
study, control group women were selected in a cervical
pathology clinic, and a high positivity was expected to
HPV DNA.

Among the patients in our study whowere positive, HPV
DNA type 59 and 16 were most commeon in 10 cases,
whereas in a study conducted by Queiroz ¢t al., the
most common genotypes found were HPV 16 and HPV
52 In our study, most of the women had infection
with single genotype, and this was in concordance with
several studies carried out among HIV-negative women.
Findings of several studies resonated with the findings
of the present study, thus concluding that HIV-negative
womlen were less prone to getting HPV infection 2>

A study by Clifford et al. and Sahasrabuddhe et al. found
that the prevalence of HPV 16 was lower in the general
population and that other high-risk types (e.g., HPV 18,
31, 33, 51, 52, and 58) were prevalent.”**") Many others
have also demonstrated that other HPV subtypes,
except 16 and 18, are clearly playing a role in HPV
prevalence.”**! In a study conducted by Rodolfo et al.,
the most common HPV genotype in HIV-negative
women was identified as HPV 16.1*

The current study reported that age was significantly
associated with non-HFV 16 genotypes which was not
in harmony with the findings of the study by Teixeira
¢t al. that stated higher HR-HPV prevalence in older age
groups than in younger age groups (<26 years: 7.3%;
26-30 years: 13.2%; 31=35 years: 11.9%) but no trend with
age was found (P = 0.10). These contrasting results could
be due to variation in the study design.t!

To our knowledge, our study is the first of its kind in our
geographical location to know the genotypes circulating

in HIV-negative women as very few prospective studies
on HPV epidemiology in HIV-negative women have
been conducted.

The study, however, had few potential limitations as
well. First, the FDA has approved vaccines, which
were not effective against the most common genotypes
found in our study. Second, further studies with larger
population are required to identify the most common
genotypes prevalent in our geographic location so as to
use vaccine in prevention of HPV diseases.

Conclusion

Newer vaccines such as the nonavalent HPV vaccine
present the possibility of better coverage for women
and will need to be evaluated. Strengthening preventive
efforts is necessary to improve early detection through
increasing accessibility to screening programs, adherence
to follow-up among those with lesions, and intensifying
health education for women living with HIV.
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