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ABSTRACT

Bacterial vaginosis (BV) is an infection that occurs when the balance of
bacteria in the vagina is altered. It is a common condition affecting
millions of women. Although the syndrome is curable, relapse rates are
high. The infection can have gynaecological and obstetric complications.
Hence BV may has a role in cervical cancer. On the other hand, different
theories suggested the infection with papilloma virus, especially
genotypes that belong to high-risk human papilloma virus (HR-HPV)
group to be one of the most important causes of uterine and cervical

malignancy and premalignancy lesions in human.

Two groups of Saudi females were included in this study. Group A
include one hundred and nineteen ( n= 119) Saudi females under
reproductive age attending Maternity and Children Hospital (MCH) , at
Almadenah Almonawarh from April 2016 to May 2017. High vaginal
swap (HVS) was taken for culture, biochemical tests and PCR. On the
other hand, two hundred an d thirty eight (n=238) cervical scrapings in
LBC ( liquid based cytology) were collected in group B, processed for

PCR targeting HPV as well as BV and cytological examination.

For the first part of the study in which it was aimed to determine the
frequency of G. vaginalis among group A. The results confirm the

existence of vaginal infection in 63.8% of the study population as
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follows: G. vaginalis in (20/76) 26.3%;( 7/46) 15.3% were pregnant
while (13/30) 43.3% were non-pregnant. streptococcus spp. was reported
in (27.6%), Candida spp. were in (46.1%). G. vaginalis were found to be
more frequent in age group (20-29) followed by age group (30-39) and

(less than 20 and more than 40years).

The result of PCR in this group confirmed the presence of G. vaginalis
among enrolled subjects with a ratio (20/119) 17% from the study
subjects. Regarding group (B) population, PCR was performed to
examine the presence of HR-HPV different genotypes as well as bacterial

agents (G. vagialis, P. lacrimalis and L.iners) .

Low incidence of precancerous epithelial lesions was observed among
enrolled patients 13 (5.5%) with the following distribution: high-grade
squamous intraepithelial lesion in 5 cases (38.5%), low-grade squamous
intraepithelial lesion in 4 (30.8%) and four cases (30.8%) as a typical
squamous cells of un determined significance. Nevertheless, HR-HPV
was detected only in 6 (2.5%) cases and overall prevalence of HR-HPV
in abnormal Pap smears was (2/13)15.4%. On the other hand, HPV was
also detect in (4/238) 1.9% among smears that were registered free from

any type of malignancy (NILM).

On the other hand, only 170 samples in LBC were available to detect
bacterial agent by PCR (the rest was lost during transportation). The
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results showed (21/170) 12.4% of the study population were suffered
from BV. Low incidence of G.vaginalis and P. lacrimalis population was
observed (2.3%) for each pathogen. While L. iners was identified among
7.6% among the study. Co-infection with HPV was detected in two
patients one of them was HPV type 52 and other was type 58 .Both of

them elicited with no epithelial changes.

On the other hand two of six positive HPV have epithelial change but
there is no bacterial vaginosis. The study concluded very low prevalence
of HR-HPV in routine cervical screening samples among suspected Saudi
women, weak relation between HPV and the incidence of cervical
neoplasia was also observed. Additionally there is no association between

BV and HPV in uterine cervical neoplasia .

Low incidence of bacterial vaginosis in group B (21/170) 12.4% This is
due to indirect place for bacteria (cervical) not original site for this
bacteria). This study may direct the clinicians and researchers to look for
other suspected HPV genotypes in this regards and the high occurrence of

BV among Saudi females.

VI



du) jAl) (aidls

8y Jigall (3 LSl 051 58 ey Ledie sy el (e 3 ke e siad) dagall gl

N axe O V) ¢ pladll AL A el () e a2 ) e elal) Gadle Canad deild Al
8 G 5y ) ial el cisline I o st yal) digal) el o Adle syl
GO ¢ oAl Anl e aall Gl Gasw B s asioall died) Gy o5
) A8 o a1 Aals sl cadall ay gl sy osaadl o ) Al il yhas
Gl aal (e sanly a3 shall Alle (oohl) caiall sl (a5 Ao sana ) oali

i Dl Jalii (1) Ao samall il gaadl Lol (e (tic sama ) 53] ad Al all 028
Wgalall 5 Aagal) daia Aliual () pumn GladY) e (3 s el (119 = ) e
a5l Jagall o) (e dnsa 330 &5 2017 sibe ) 2016 ol (8 3 saall Al i ¢
Gfiile gan o ¢ (s Al Aali e a3 Jualuiall 3 el Jeliiy 4y son saSl) il s
(2) Ao sanall (G (lal) Jall (3) an I (Bie (e A (238 = () G5 Al
eall ool Geg sl Qargian A (e Julidall B el Jeld Bk e Lgindladl

Al Sl LaaY) s e 53l dagall Sledll L Sy XS 5 (g

O Aaligall Sl Al Gigan Jare Lead Liaginl Al Al pall e JsY) 6 5all dally
Al ) qins 54%63,8 (119/76) o8 Jsgeal) bl Abua) il S5 (1) A ponnall
ety Jal 529615,3  ((46/7) aeie %26,3 (76/20) dabigall Sipa jall: Nl 5ol e
%46,1 slanll 5 ylaiiall 627,64 dpial) LS @SS el s e %43,3( 30/13)
) Aaend)l Al Leali (29-20) 4upend) 43 jeal) 43l) (8 MU HiS) dglgall Sl jlall Cura
Sgas baldl Jeld il caxS) 440 e SST5 20 (e JB) 4 eadl Ll 23 (39-30

A ) aaine e 119/20%17 ins Janay A 52l sl ¢y aligall Dliga Jal

A Aaliaal Anall Bl e oSl 5 al) Jelii (5 a) (e senall (Bl Lad
(ol SY el giall 5 G il Calasly SO allinald S Jal ) 25501 Jal sl
5.5) 13 Calaasal) (oaim pall g (sha il Al 4 jledall @l piall Egan (alias) Jas )
38.5) @¥la 5 & 4 el Akl Jals da all ddle 4l a5 e o U )51l ae (7
(7%30.8) <V dx i (7 30.8) 4 (8 5 kedall Jals da all dcaidie 488 a3 ke ¢ (7
) o sl g pd e CaliSll ¢ i) ma g Badaa e AIYVD 1) daad gal Audd a LIAS
adall )l g b Llal Jelall LYy oVl e (2 2.5) 6 b L sl

(13/2) 7154 QS dgaplall j s )l Bie Clais (B3 shall Alle (5 il
On (238/4) 7 1.9 A Lad il cadall ol es g I ¢ AT Dali
Lis due 170 AT abi e, Cudll ol G g i sl e A el o5 ) sl
Sl A8y s ) 6 pelil) Jeld 3ok e Ay Sl Jalsal) RSST 855 de sanall 8
el o 0 siban | 518 A jall adins (3a 7 12,4 (170/21) o bl < jedal o(Lelis oL

VII



(& O yaall % 2,3 uliay SV 5 o Jll Sigan Jana (alids) Laa gl a5 ) Jigal)
el oo ae AS Jilall AlaY) e ISl &5 0476 (et (elasy SISO a0aS G5 s
52 ol (caddall a5l Gus i @15V e 2aly (dasall (e () (G g ll cadall
Ga . Aledall LA 8 el s (sl (0 Ledalitind o3 LIS | 58 ¢ 58 IS DAY
LRI 3 ud agadl (uindl eV (ool (calall sl gy (e L) AT Aals

LS 8S Jage Gl dlbia Gl 815 4 jlelall

aasll Bie Clase b addall o)l Qg L) Jaee pmlias) ) Al caals
A8l "lzay) Jas gl ¢ el L)) ABLaYL Aleadl ciliza peall il sad) oLl (gl duisi g )l
a5 i aajll Bie al ) Sisas Jaras ol aldadl a5l (s b G Al
pa ol Bie gla e ALY G el o)l Qs s (e sioal) diall el (G 483
e 83 5ale lial) Y daii e sanall (3 e iall digal) Cledl) (o Ty Jars 2525
oo Vaul ofinlll g cLlY) da g 8 Al sda (aa ) Bie)l Sl il e olSa
Jagad) il Sigas 1851 5 2aall Mgy (5l (caddadl a5l (a5 5l (5 AT Ly Lol

Al srd) Lol ) Slzad Lalle o 55l

VI



PREFACE

The practical part of this project was conducted at Research
Laboratory, College of Applied Medical Sciences, Taibah
University, KSA, Pathology Unit, MCH, Ministry of Health,
Almadenah Almonawarah and Research Laboratory, College of
Medical Laboratory Science, SUST. Financial supported was
received from the Deanship of Scientific Research, Taibah
University, Al-Madenah Al-Monawwarah, KSA (Grant no.
1435/6303). Part of the project’s findings were published in a
peer-reviewed, I1S1 Journal with IF (0.57).

1. Moneira A Mansour , Mogahid M Elhassan*, Faris M Eltom , Hala. M Yousif, Hashim M
Missawi , Eshraga O Mohamed, Ibrahim B Elemam and Bahjat S Farsi (2017).
Genotyping of high-risk human papilloma virus (HR-HPV) and its role in cervical cancer
among suspected women at reproductive age. African Journal of Microbiology Research.
11 (48): 1693-1698.

DOI: 10.5897/AJMR2017.8763

2. Awadh S. Al-Subhi, Basem M. Al-Saadi,Eshraga O. Mohamed, and Mogahid
M.Elhassan(2018).
Detection of Gardnerellavaginalis among Women in Reproductive Age in Al- Madinah Al-

Munawwarah, KSA by Polymerase Chain Reaction. I0OSR Journal of Dental and Medical
Sciences (IOSR-JDMS) 6 (17) 2279-0853.
DOI: 10.9790/0853-1706158086




Table of Contents

Subject Page
oy I
DEDICATION 1
ACKNOWLEDGMENTS 1!
ABSTRACT v
ARABIC ABSTRACT Vil
PREFACE IX
TABLE OF CONTENTS X
LIST OF ABBREVIATIONS X1V
LIST OF TABLES XV
LIST OF FIGURES XVI
CHAPTER ONE: INTRODUCTION AND OBJECTIVES

1.1 Introduction 1
1.2 Hypothesis of the Study 5
1.3 Rationale 6
1.4 Research Questions 6
1.5 Objectives 7
1.5.1 General objective 7
1.5.2 Specific objectives 7
CHAPTER TWO: LITERTURE REVIEW

2.1 Bacterial VVaginosis 8
2.1.1 Definition 8
2.1.2 Historical Background 9
2.1.3 Epidemiology of Bacterial VVaginosis 10
2.1.4 Etiology of Bacterial Vaginosis 12
2.1.5 Complication of Bacterial Vaginosis 15
2. 1. 6 Classification Systems 16
2.1.6.1 Spiegel Classification 16
2.1.6.2 The Nugent Classification 17
2.1.6.3 The Hay/Ison Classification 19




2.1.6.4 The Ison /Hay Classification 20
2.1.7 Diagnosis of Bacterial VVaginosis) 21
2.1.7.1 Amsel Criteria 21
2.1.7.2 Culture 23
2.1.7.3 BV Blue Test 23
2.1.7.4 PCR-Based Test 23
2.1.8 Treatment of Bacterial vaginosis 24
2.1.9 Characteristics of microorganisms, associated with (BV) 24
2.1.9.1 Gardnerella vaginalis 24
2.1.9.2 Lactobacillus iners 25
2.1.9.3 Peptoniphilus lacrimalis 26
2.2 Infections That Can Lead to Cancer (American Cancer Society 2014) 26
2.2.1 Oncogenic Viruses and Cervical Neoplasia 27
2.2.1.1 Human Papilloma Viruses (HPVs) 27
2.2.2 Bacteria That Can Lead To Cancer 28
2.2.2.1 Helicobacter pylori 28
2.2.2.2 Chlamydia Trachomatis 28
2.3 Cervical Cancer 28
2. 3.1 Bacterial vaginosis and Cervical Cancer 29
2.3.2 Pathogenesis 30
2.3.3 Vaccines Against HPV 32
2.3.4 Implication to Treatment 33
CHAPTER THREE: MATERIALS AND METHODS

3.1 Type of the Study 34
3.1. 1 Study Design 34
3.1. 2 Study Area 34
3.1.3 Study Population 34
3.1.4 Ethical Clearance 35
3.1.5 Data Collection 35
3.1.6 Inclusion and Exclusion of Study group: 35
3.2 Diagnostic Approach for Group A 36
3.2.1 Conventional Methods for Identification 36

Xl




3.2.1.1 PH of Vaginal Fluid 36
3.2.1.2 Whiff Test ( 10% KOH) 37
3.2.1.3 Clue cells 37
3.2.1.4 High Vaginal Swab Culture 37
3.2.1.5 Gram's Stain 37
3.2.1.6 Catalase Test 38
3.2.1.7 Oxidase Test 38
3.2.2 Molecular Identification for Bacteria (Group A&B ) 38
3.2.2.1DNA Extraction 39
3.2.2.2 Primers Sequence 39
3.2.2.3 Preparation of Master Mix 39
3.2.2.4 PCR Amplification 40
3.2.2.5 Loading of Samples and Electrophoresis 40
3.2.2.6 Visualization of PCR Product 41
3.3 Cytological Method Group B 42
3.3.1 Pap Stain 42
3.4 Detection of HPV 43
3.4.1 DNA Extraction 43
3.4.2 PCR Amplification 43
3.4.3 Interpretation of the Results 44
CHAPTER FOUR: RESULTS

4.1 Group A 47
4.1.1 Epidemiological Findings 47
4.1.1.1 Distribution of G. vaginalis and Age Groups 48
4.1.1.2 Vaginal Infection and Pregnancy 48
4.1.2 Bacteriological Findings 49
4.1.2.1 Frequency of the Isolates 49
4.1.2.2 Results of Gram’s stain and other Biochemical Tests 50
4.1.3 PCR results 50
4.2 Group B 51
4.2.1Cytological Examination 51
4.2.2 Detection of HPV 52

Xl




4.2.3 Detection of Bacterial Agents 56
4.2.4 Bacterial vaginosis versus HPV 58
CHAPTER FIVE: DISCUSSION

5 .DISCUSSION 59
5.1 Conclusions 68
5.2 Recommendations 69
REFERENCES 71
APPENDICES 89

X1l




LIST OF ABBREVIATIONS

ulL Micro liter
TBE buffer Tri base, Boric acid and EDTA buffer
HIV Human Immunodeficiency Virus
SED Sexually Enhanced Disease
STD Sexual Trans meted Disease
BV Bacterial vaginosis
KOH Potassium hydroxide
CIN Cervical intraepithelial neoplasia
A.vagina Atopobium vagina
G.vaginalis Gardenerlla vaginosis
P.lacrimalis Peptoniphilus Lacrimalis
L. iners Lactobacillus Iners
HR(HPV) High Risk Human Papilloma Virus
PCR Polymerase Chain Reaction
STIs Sexual Trans meted Infections
HSV Herpes Simplex Virus
MCH Maternity and Children Hospital
HVS High Vaginal Swab
LBC Liquid Base Cytology
ASC-US Atypical squamous cells of undetermined significance
LSIL low-grade
squamous intraepithelial lesion
NILM Negative for intraepithelial lesion or
malighancy
HSIL high-grade squamous intraepithelial lesion

XV




LIST OF TABLES

Title Page
Table 1. The Nugent’s scoring system 18
Table 2 The Hay/Ison classification 20
Table 3. The Ison/Hay classification 21
Table (4) Primers used for detection of G. vaginalis L. iners, P.lacrimalis 4l
Table 5. PCR program used in the amplification of HPV different types 44
45
Table 6. Lengths of specific amplified DNA fragments of suspected HPV
Table 7. Results for controls: 46
Table 8. Vaginal Infection and Pregnancy 48
Table 9. Frequency of G. vaginalis among Pregnant women 50
Table 10. Distribution of HPV genotypes among enrolled subjects. 52
Table 11. Cytological results and age groups Normal epithelial cells. 53
Table 12. Cytological results and age groups Abnormal epithelial cells +HPV 54
Table 13. Cytological results and age groups normal epithelial cells +HPV 54
Table 14. Distribution of bacterial vaginosis among enrolled subjects 57
58

Table 15 .Bacterial vaginosis and HPV positive case




LIST OF FIGURES

Title Page
Figurel. Distribution of different pathogenic organisms among enrolled 47
subjects.
Figure 2. Distribution of G.vaginalis among patients according to age groups | 48
Figure 3. Frequency of G. vaginalis among Pregnant women 49
Figure 4. 2% agarose gel electrophoresis of PCR products for G. vaginalis 51
(210 pb).
Figure 5 ( 3% ) agarose gel electrophoresis of PCR amplicons of HPV from | 55
cervical smears. HPV 16 & 33
Figure 6.( 3% ) agarose gel electrophoresis of PCR amplicons of HPV from 56
cervical smears. HPV 52&58
Figure 7.(2%) agarose gel electrophoresis of PCR product results for S7
P.lacrimalis (186pb).
Figure 8. ( 2% ) agarose gel electrophoresis of PCR products: showing 58
positive result for L.iners (571pb).
Figure 9. Figure 4. Direct Gram'’s stain from high vaginal swab ( A,B,C) %
Figure 10. Figure 5. A.G.vaginalis In Blood Agar B .Catalase Test C 97
.Oxidase Test

. . 98
Figure 11. Cervical smear of 48 years old

. . 98
Figure 12. Cervical smear of 30 years old
Figure 13. Microcentrifuge device 99
Figure 14. Thermocycle device 99
Figure 15. Gel electrophoresis and power supply device 100
Figure 16. UV Light transilluminater device 100
Figure 17. Liquid Base Cytology 10

XVI




1.

CHAPTER ONE

INTRODUCTION AND OBJECTIVES

Introduction

The precise pathophysiology and epidemiology of Bacterial vaginosis

( BV), as well as the optimal medical management of the condition, are
far from clear, with much of this lack of understanding occurring as a
direct result of the difficulty in establishing a diagnostic standard for the
syndrome (Ferris et al.,2004).

The syndrome of BV was first characterized using clinical criteria and
simple laboratory tests applied to vaginal samples (Amsel etal.,1983).
Together, this constellation of evaluations became known as the “Amsel
criteria.” A diagnosis of BV requires that at least 3 of 4 Amsel criteria be
positive (abnormal gray discharge, pH of >4.5, a positive amine test, and
presence of epithelial “clue” cells). Although generally regarded as a
relatively specific method for identifying patients with BV, Amsel
scoring requires considerable clinical acumen and has been demonstrated
to be relatively insensitive (Schwebke,2000). A more accurate approach
to BV diagnosis was proposed in the early 1990s (Schwebke,2000) and
involved the use of semi-quantitative evaluation of vaginal microflora (0
to 3, normal; 4 to 6, intermediate; and 7 to 10, abnormal) based on

observation of different bacterial morphotypes in Gram-stained



preparations of vaginal samples. This so-called “Nugent score” (NS) has
since considered as the gold standard for BV diagnosis (Nugent et
al.,1991).

Cervical cancer is a major global public health problem affecting socio
economically deprived populations (Sankaranarayanan et al., 2009). It is
ranked the seventh most prevalent cancer and the second most common
cancer in women after breast cancer globally (Pisani et al., 2002). It is the
second leading cause of cancer death in women worldwide with more
than 270000 deaths reported every year. Over 80% of these deaths occur
in developing countries (Muchiri et al., 2006; Kent, 2010).

Cervical intraepithelial neoplasia (CIN) is a histological term used to
describe full thickness epithelial change. It is divided for convenience and
ability into three categories CINI, CINII, and CINIHI (Bancroft and
Gamble, 2002).

Studies have demonstrated that, with the probable exception of a very
rare type of highly differentiated squamous cell carcinoma, Human
Papilloma virus (HPV) is responsible for 99.7% of all invasive
carcinomas of the cervix (Walboomers et al., 1999; Sonc et al., 2001).
HPV infection plays an etiological role in the development of cervical
cancer, and most of cervical cancers contain HPV DNA (McMurray et

al., 2001).



Genital HPV types have been classified into categories of low oncogenic
risk (e. g types 6 and 11), and high oncogenic risk types (e. g types 16
and 18). Infection with high oncogenic risk types of HPV constitute of
major risk factor and is necessary for the development of pre-cancerous
neoplastic lesions and or of cancer of cervix. Combined HPV 16 and 18
cause approximately 70% of cervical cancer and high grade of cervical
dysplasia-infection with low risk HPV types rarely if ever, progresses to
cervical cancer as evidenced by the fact that single infection (without
high risk HPV types) have never found in CIN Il and invasive disease
(Ostor et al ., 1993).

A survey of HPV types in invasive cervical cancer in 22 countries around
the world revealed that HPV 16 accounted for 54% of the cancer
associated HPV types followed by HPV18 (15%), HPV 45 (9%) and
HPV 31(6%) .Thus, these four types account for 84% of all cancer
associated HPV types ( Basch et al., 1995).

The most important risk factor in the development of cervical cancer is
infection with a high-risk strain of human Papilloma virus. The virus
cancer link works by triggering alterations in the cells of the cervix,
which can lead to the development of cervical intraepithelial neoplasia,

which can lead to cancer.


http://en.wikipedia.org/wiki/Human_papillomavirus
http://en.wikipedia.org/wiki/Virus_cancer_link
http://en.wikipedia.org/wiki/Virus_cancer_link
http://en.wikipedia.org/wiki/Cervical_intraepithelial_neoplasia

Women who have many sexual partners (or who have sex with men who
had many other partners) have a greater risk (American Cancer Society,
2006; Marrazzo, et al., 2001).

The American Cancer Society provides the following list of risk factors
for cervical cancer: human papilloma virus (HPV) infection, smoking,
HIV infection, Chlamydia infection, dietary factors, hormonal
contraception, multiple pregnancies, exposure to the hormonal drug
diethylstilbestrol (DES) and a family history of cervical cancer There is a
possible genetic risk associated with Human histocompatibility (HLA)
Antigen encoded by the B locus on chromosome 6 (HLA-B7). (American
Cancer Society, 2006).

Recently times are being made to develop prophylactic vaccines against
high-risk HPV types. For developing countries, primary prevention by
vaccination may provide the only real hope of reducing the incidence and
mortality from cervical cancer. Of the two HPV vaccine in late stage
development, Merck's quadrivalent vaccine, Gardasil protects against
four HPV types and was approved for use in female patients from 9 to 26
years of age (Muchiri et al., 2006).

Screening of cervical cancer is a public health initiative is based on the
assumption that prevention is better than cure and that early diagnosis
allows for treatment while primary pathologic process is still reversible.

Screening tests should ideally be inexpensive, specific, sensitive, and free
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risk, they should also enjoy a high level of acceptability to the population
(Muchiri et al., 2006).

As abnormal microflora can produce carcinogenic nitrosamines and
stimulate the release of cytokines, such as interleukin-1b, it has been
suggested that BV may be important in the development of cervical
cancer (Behbakht et al.,2002).Carcinogenic nitrosamines increase the
probability Of DNA damage and an altered cytokine profile may reduce
immune’s system ability to eliminate HPV infection. The changes may
create a conducive environment for cancer development (Pavic et al.,
1984). The Centers for Disease Control and Prevention (CDC), which is a
part of the principal agency in the United States government for
protecting the health and safety of all Americans and for providing
essential human services, have included BV on their list of emerging
infectious diseases (CDC, 2002) .

1.2 Hypothesis of the Study

Human papillomavirus (HPV) infection, especially HPV-16 and HPV-
18, plays a major role in the etiology of cervical cancer, but HPV alone is
not sufficient to induce cancer. We propose that squamous cell cervical
cancer is caused by an interaction of oncogenic viruses and exposures to
other factors. Hence, infection by BV may induce this type of cervical

cancer.



1.3 Rationale

The association of BV and development of cervical cancer is still unclear
and conflicting. Some studies show the association of bacterial vaginal
infection with cervical cancer and other studies show no association at
all.
The Centers for Disease Control and Prevention (CDC), have included
BV on their list of emerging infectious diseases.
In fact, still, not all of HPV infection leads to cervical cancer, suggesting
that other cofactors could be present in the development of malignancy,
therefore, BV is to be taken into consideration.
1.4 Research Questions
e What is the real percentage of G. vaginalis among Saudi women
infected with BV?
e What other pathogenic organisms that may shared in causing
BV among Saudi females?
e |s there any association between bacterial vaginosis (BV) and
Human papilloma virus (HPV) among Saudi women?
e Does bacterial vaginosis act as co-factor in the development of
cervical cancer?
e What is the most prevalent HR-HPV Genotypes that affect

Saudi females ?



1.5 Objectives of the Study

1.5.1 General Objective

This study aims to detect the frequency of bacterial vaginosis and human
papiloma virus in primary cervical screening using conventional methods
and PCR technique.

1.5.2 Specific Objectives

To determine the prevalence of G. vaginalis among Saudi infected
females.

To isolate and identify pathogenic organisms that cause BV among Saudi
females

To detect cytological patterns in vaginocervical smears using liquid base
cytology and Gram's stain for BV.

To use a PCR technique for diagnosis of BV.

To detect human papilloma virus (HPV) genotypes using PCR
techniques.

To find any relations with risk factors and frequency of BV.



CHAPTER TWO
LITERTURE REVIEW
2.1 Bacterial VVaginosis

2.1.1 Definition

Bacterial vaginosis (BV) is a vaginal infection that occurs when the
equilibrium of the natural flora in the vagina is altered. It is the most
common cause of abnormal vaginal discharge (Wilson et al., 2005;
Donders, 2010), affecting millions of women of reproductive age
annually. Although the syndrome is curable with antimicrobials such as
metronidazole and clindamycin, relapse rates are high. BV may be
asymptomatic (Donders, 2010) but is more commonly associated with
vulvovaginal symptoms such as discharge, itch, malodor and discomfort.
These are common complaints of women, occurring most commonly
during and shortly after menstruation, at a time when the vaginal pH
tends to be elevated compared with other times in the menstrual cycle
(Melvin et al., 2008). The reason for the rise in pH is unclear, but there is
evidence of a temporary disturbance of the vaginal microflora and an
increased incidence of BV and candidal infection around the time of
menstruation (Melvin et al., 2008; Eschenbach et al.,2000). There is also
increasing evidence that the pathogenic effects of BV are not confined to
the lower genital tract (Swidsinski et al., 2013) and that the microbial

correlation of BV involves a dense, highly structured polymicrobial



biofilm, primarily consisting of Gardnerella vaginalis, strongly adhering
to the vaginal epithelium (Swidsinski et al., 2005).

2.1.2 Historical Background

The first description of the normal bacterial flora of the vagina was
published in 1892 by Doderlein (Doderlein, 1892) that was later called
“Doderlein's bacilli”. These facultative anaerobic Gram-positive bacteria
have been shown to be part of a group of bacteria generally referred to as
Lactobacilli and, in bacterial taxonomy (Hillier et al., 2008), they are
classified into the genus Lactobacillus. 1n1895, Kronig (Kronig, 1898)
reported a motile rod, which he believed normally occurred in the vaginas
of pregnant women. This was probably the first description of a
bacterium that is ,to day, known as Mobiluncussp (Hjelm et al., 1981;
Spiegel and Roberts ., 1984; Durieux and Dublanchet 1980). In addition,
Curtis was able to isolate the curved anaerobic bacterium from a woman
with puerperal fever (Curtis, 1913). Curtis stated that the normal vaginal
content is dominated by Lactobacilli and that the presence of anaerobic
rods correlates to vaginal discharge (Curtis, 1914). This shift in vaginal

flora was also reported in 1921 by Schroder (Schroder, 1921).

Schroder divided the vaginal discharge into three types. The first type
was dominated by Lactobacilli, the second type consisted of a mixture of

Lactobacilli and other bacteria, and Lactobacilli were absent in the third



type. Later, the term non-specific vaginitis was used to describe this
syndrome because in contrast to trichomoniasis and candidiasis, it was
impossible to identify a specific agent that caused the vaginitis. In 1955,
Gardner and Duke (Gardner and Dukes 1955) isolated Haemophilus
vaginalis, later called Gardnerella vaginalis, from women with non-
specific vaginitis. Gardner and Duke named this syndrome Haemophilus
vaginalis vaginitis. When investigators in other parts of the world started
to use a more selective culture medium containing human blood, it was
shown that many clinically healthy women could harbor G. vaginalis,
albeit at much lower concentrations, without contracting Haemophilus
vaginalis vaginitis, (Totten et al., 1982; Hillier et al., 2008). In 1984, at
the second international meeting on the syndrome, the term bacterial
vaginosis was coined and given the definition: a replacement of the
Lactobacilli of the wvagina by characteristic groups of bacteria
accompanied by changes in the properties of the vaginal fluid. The term

quickly found universal acceptance (Mardh and Taylor 1984).

2.1.3 Epidemiology of Bacterial VVaginosis

BV is the most common vaginal infection among women in their
reproductive years (Donders, 2010; Morris et al., 2001). BV is also the
most common cause of vaginal discharge and malodor (Mania-Pramanik

et al., 2009). Generally, it is estimated that 1 in 3 women will develop the
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condition at some point in their lives. Its prevalence ranges between 4.9
and 36% in developed countries (Henn et al., 2005). An increased risk for
the development of BV has been shown with surgery and pregnancy
where it is estimated that 15 to 20% of pregnant women have BV
(Alfonsi et al., 2004). Other studies have re-ported the prevalence of BV
among non-pregnant women to range from 15 to 30%, and have reported
that up to 50% of pregnant women have been found to have BV (Laxmi
et al., 2012). The prevalence of BV varies around the world. (Kenyon et
al., 2013) conducted a systematic review on the global epidemiology of
BV. The BV prevalences were found to vary considerably between ethnic
groups in North America, South America, Europe, the Middle East and
Asia. Although BV prevalence is, in general, highest in parts of Africa
and lowest in much of Asia and Europe, some populations in Africa have
very low BV prevalences and some in Asia and Europe have high rates.
Which might be due to various factors such as socio-demographic
characteristics, sexual practices and hygiene behavior . BV is often linked
to sexual behavior , and the epidemiological profile of BV mirrors that of
established sexually transmitted infections (STIs) (Verstraelen et al.,
2010). There is, however, not conclusive evidence whether BV
pathogenesis involves sexual transmission of pathogenic micro-organisms
from men to women. Gardnerella vaginalis carriage and BV occurs

rarely with children, but has been observed among adolescents (even
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sexually non-experienced girls), contradicting that sexual transmission is
a necessary prerequisite to disease acquisition (Verstraelen et al., 2010).
Although male-to-female transmission cannot be ruled out, there is little
evidence that BV acts as an STD. BV is therefore rather considered as a
sexually enhanced disease (SED), with frequency of intercourse being a

critical factor (Verstraelen et al., 2010).

2.1 .4 Etiology of Bacterial Vaginosis

The etiology of BV is poorly understood and remains a subject for
debate. BV can arise and remit spontaneously or develop in to a chronic
or recurrent disease (Donders, 2010). There are no proven individual
predisposing factors exclusive to BV (Henn et al., 2005). Risk factors that
have been associated with BV include having multiple sex partners, a
new male sex partner, sex with a woman, early age at first intercourse,
frequent vaginal douching, use of vaginal foreign bodies or perfumed
soaps, cigarette smoking and lack of vaginal Lactobacilli (Cherpes et al.,
2008). Although BV has never been proven to be sexually transmitted, it
has an epidemiological profile consistent with that of a sexually
transmitted infection (STI) (Henn et al., 2005), although it is better
described as asexually enhanced disease ( SED). It is more common
among women who have an STI or who use intrauterine devices .

(Fethers et al., 2008; Wilson et al., 2007). Women who have never had
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sexual intercourse may also be affected. BV may sometimes affects
women after menopause. The decrease in oestrogen levels in
premenopausal and postmenopausal women has been linked to an
abnormal vaginal flora of 35 and 70%, respectively when compared to the
normal flora (Wilson et al.,, 2007). It has also been shown that
amenorrhoea lowers the risk of BV as the absence of blood maintains
vaginal pH, low and stable around pH 4.5. Subclinical iron deficiency
(anaemia) is a strong predictor of BV in pregnant women (Verstraelen et
al., 2005), especially in developing countries. A longitudinal study
published in 2006 showed a link between psychosocial stress and BV
independent of other risk factors (Verstraelen et al., 2005). It is generally
a knowledged that vaginal Lactobacilli play an essential role in
maintaining an environment that limits the growth of pathogenic
microorganisms in the vagina (Mania-Pramanik et al., 2009). It has been
suggested that the presence of oestrogen and Lactobacillus are needed to
achieve an optimal vaginal pH of 4.0 to 4.5 (Melvin et al., 2008; Suresh
et al., 2009). After puberty under the influence of oestrogen, glycogen is
deposited in the vaginal epithelial cells, which is metabolized by vaginal
epithelial cells to glucose (Suresh et al., 2009). Lactobacilli produce
lactic acid from glucose, keeping the vagina at an acidic pH (Suresh et
al., 2009). Some species of Lactobacilli produce hydrogen peroxide

which is toxic to various microorganisms (Suresh et al., 2009). Bacterial
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vaginosis is therefore characterized by an alteration of the normal acidic
Lactobacilli-predominant vaginal ecosystem to a vaginal milieu
dominated by mixed anaerobic bacteria flora with an accompanying

increase in pH (Geva et al., 2006).

The complex etiology of BV of a continuum of changes in the vaginal
flora, rather than a single pathogen infection (Morris et al., 2001),
includes a logl0-fold increase in the numbers of facultative anaerobes
(Srinivasan et al., 2008) and a concurrent loss of indigenous
Lactobacillus-predominant vaginal microflora. The development of a
more anaerobic environment inhibits the growth of Lactobacilli.
Srinivasan and Fredricks (2008) give a complete overview on the vaginal

flora in BV from a microbiological and molecular perspective.

It is unknown whether the loss of Lactobacilli precedes the BV infection
or is a result of the infection (Mania-Pramanik et al., 2009). Furthermore,
it is not known whether the change in flora is not the result of an as yet
unidentified etiological factor, suggesting that the altered flora is actually
a downstream event of BV (Nansel et al., 2006). The overgrowth by the
facultative anaerobes is associated with an increase in protease
production especially carboxy peptidase which leads to the breakdown of
peptides to amines which in an environment of higher pH can become

volatile. Due to the flexible nature of the disease process, the host
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response in BV should be considered, although most work has been
performed on the changes in microbial flora. It was initially believed that

inflammation is absent during BV (Morris et al., 2001).

2.1.5 Complication of Bacterial Vaginosis

More important than symptoms are complications associated with BV.
These appear to be related to an increased risk of susceptibility to STIs
including infection with Chlamydia trachomatis, Neisseria gonorrhoeae,
HSV-1 and -2, and an increased risk of HIV acquisition, and to an
adverse outcome of pregnancy (Geva et al., 2006). BV has been shown to
increase the risk of gynaecological and obstetric complications such as
preterm labour and delivery, chorioamnionitis, post-caesarean
endometritis, post-abortion pelvic inflammatory disease and cervicitis.
Several groups had found that bacterial vaginal flora has an impact on
these complications (Johnson et al., 1985), while other studies disproved
some of these findings. The leading hypothesis concerning these
associations is that absence of protective Lactobacilli increases biological
susceptibility of acquiring an STI upon exposure (Alfonsi et al., 2004).
However, the temporal nature of the association between BV and
acquisition of STIs remains an ongoing discussion. Although there is
evidence favoring the plausibility that BV also incurs an elevated risk for

HPV acquisition (Khan et al., 2007), this also remains a matter of debate.
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Since the 1970’s BV has been associated with pelvic inflammatory
disease in the absence of Chlamydia or Neisseria gonorrhea (Morris et
al., 2001). Finally, there is also a potential link between BV and an

increased risk of HIV infection (Mania-Pramanik et al., 2009).

A cochrane study (McDonald et al., 2011) found that the administration
of antibiotics during pregnancy for overgrowth of abnormal bacteria in
the birth canal does not reduce the risk of babies being preterm. A more
recent Cochrane review confirmed this finding that antibiotic treatment
can eradicate bacterial vaginosis in pregnancy, but that the overall risk of
preterm birth was not significantly reduced (Brockhurst et al., 2013).
Furthermore, it has been shown that BV increases the risk of miscarriage
between 13 and 24 weeks (Donders, 2010), the risk of babies being

preterm and 40% elevated risk of low birth weight (Morris et al., 2001).

2.1.6 Classification Systems

2.1.6.1 Spiegel Classification

In the Spiegel classification system, Lacto bacillus morphotypes and
Gardnerell amorphotypes are detected and classified as 1+, 2+, 3+, and
4+ according to the amount of the bacteria seen using Gram stained
smears with a magnification of 1000 x. A microscopically detectable

change in vaginal micro flora, from the Lacto bacillus morphotypes, with
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or without Gardnerella morphotypes (normal), to a mixed flora with few
or no Lactobacillus morphotypes (BV), is used in the diagnosis of BV.
The presence of Lactobacillus morphotypes in low numbers (1+ to 2+) is
interpreted as being consistent with BV. If the Gardnerella morphotypes
outnumber the Lactobacillus morphotypes, this is also consistent with
BV, even if the Lactobacillus morphotypes are present. If Lactobacillus
morphotypes are present alone, the sample is interpreted as being normal

(Spiegel et al., 1983).

2.1.6.2 The Nugent Classification

Nugent et al., 1991 developed a more objective scoring system for the
diagnosis of BV based on observed morphotypes. Today, the Nugent
scoring is the most frequently used laboratory based diagnostic tool for
detecting bacterial vaginosis and it is considered as the gold standard.
Nugent’s scoring is employed along with Gram stained smears (1000 x
magnification), using oil immersion. This results in a point estimation
system (0 to 4 points)that is used to rate the amount of different bacterial
morphotypes present in the samples. The presence of more than 30
Lactobacilli morphotypes per vision field earns 0 points, whereas the
absence of Lactobacilli morphotypes earns 4 points. The amount of small
bacteria present in the sample is also rated on a point system (from 0 to 4

points), but the points are assigned in the opposite way. The presence of
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more than 30 small bacteria per vision field earns 4points and the absence
of small bacteria earns 0 points. The existence of curved rods earns an
additional 1 or 2 points, depending on the amount of curved rods in each
field of vision. When the points are added together, a total score of 0-3 is
considered normal; a score of 4-6 is classified as intermediate, and a
score of 7-10 is consistent with BV (see Table 1). The scores from zero to
ten do not represent a ratio scale. The variable amount of bacteria is rated
on an interval scale, but is categorized with the categories

BV/intermediate/normal, on an ordinal scale. (Nugent et al., 1991).

Table 1. The Nugent’s scoring system

Score Lactobacillus GardnerellaMorphotype Curved bacteria
Morphotype /Vision field Morphotype/Vision
/Vision field field

0 >30 0 0

1 5-30 <1 1-5

2 14 1-4 >5

3 <1 5-30

4 0 >30

Scores 0-3= Normal flora, 4-6= Intermediate flora, 7-10= BV(Nugent et al., 1991).

The Nugent’s scoring system has shown a high inter- and intra-observer
reliability. However, questions still remain that require discussion
(Forsum et al.,, 2002). Forsum et al. emphasized the need for a
standardization of interpretation for the basic morphotypes that play a

central role in a diagnosis using Nugent’s classification (Forsum et al.,
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2008). Moreover, the field size of the microscope has an influence on the
results (Larsson et al., 2004), which is another issue of concern. In
Nugent’s classification, the presence of only 30 Lactobacilli/small
bacteria per vision field counts, so both the area of the microscope images

and the thickness of the smear make a difference.

2.1.6.3 The Hay/IsonClassification

The Hay/lson is a classification/categorization system that is used for
both Gram stained smears and PAP-stained smears (Hay et al., 1992). In
the Hay/lson classification, vaginal flora is divided into the following
three different categories: normal, intermediate, and BV. In this
classification system, an estimation of the amount of the bacterial
morphotypes is not done; instead a subjective evaluation of the
relationship between the amounts of bacteria is conducted. The field size
of the microscope does not have an influence on the results (Larsson et

al., 2004).
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Table 2 The Hay/lIson classification

Lactobacilli Gardnerella
morphotypes morphotypes
Normal (group 1) Many Few
Intermediate (group 2) Equal Equal amount
amount
BV (group 3) Few Many

(Hay et al., 1992).

2.1.6.4 The Ison/Hay Classification

In the Ison/Hay classification system, the categories normal, intermediate,
and BV are used. However, the following two categories are added: O
(relatively empty smear) and 4 (dominance of Streptococcus morphotype)
(Ison et al., 2002). The categories 0 and 4 are added in an attempt to
make the categorization more true to what is observable in clinical
practice, as opposed to what might be hypothesized in relation to the
concept of BV. However, what can be observed in reality must
sometimes be seen as different types of entities. The Hay/lson and
Ison/Hay classification systems can be used on slides stained with

different staining methods and also on smears with no stains.
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Table 3. The Ison/Hay classification

Lactobacillimorphotypes

Gardnerellamorphotypes

Group O None None
Normal Many Few
(group 1)

Intermediate Equal amount Equal amount
(group 2)

BV (group Few Many
3)

Group 4 .A None None
lot of gram

positive

streptococci

(Ison et al., 2002)

2.1.7 Diagnosis of Bacterial VVaginosis

2.1.7.1Amsel Criteria

Clinical diagnosis using Amsel criteria requires that at least three of the

following four criteria are met: first, a vaginal pH of greater than pH 4.5;

second, the presence of clue cells in the vaginal fluid when examined in a

wet mount; third, a milky homogeneous vaginal discharge (There must

not be any granular elements; the fluid must be completely homogenous),

and finally, positive Whiff (Sniff) test. Vaginal pH was measured by

rolling the swab over a pH strip immediately after swabbing and the

resulted color is translated into the pH value. Clue cells are epithelial cell

studded with Gram variable coccobacilli, it was detected by microscopic

examination of wet mount which was made by mixing the vaginal
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discharge from the swab with a drop of saline. A homogenous milky
discharge was detected by examination after speculation. Whiff test was
done by mixing the vaginal discharge from a swab with a drop of 10%

KOH a positive result is a “fishy”” amine odor (Amsel et al.,1983).

After rolling the vaginal swab on a microscopic slide, it was left to dry
then Gram stained with Gram staining protocol, then it was read by a
single experienced microbiologist to eliminate the possibility of inter-
observer difference. Slides were read according to Nugent score as
follows: Morphotypes were counted as the average number of bacteria in
10-20 oil immersion field. The Nugent score was calculated by assessing
for the presence of large gram-positive rods (Lactobacillus morphotypes
decrease in Lactobacillus scored as 0 to 4), small Gram-variable and
Gram-negative rods (G. vaginalis and Bacteroides morphotypes; scored
as 0 to 4), and curved gram-variable rods (Mobiluncus spp. morphotypes;
scored as 0 to 2), After the amount of each morphotype detected on the
smear was graded it was then allocated a score as shown in Table (1).
Then total score calculated from 0 to 10. A score of 1-3, considered
normal, a score of 4-6 considered intermediate (means an intermediate
state between normal and BV) and a score of 7 to 10 was consistent with
BV. This method is considered the gold standard for diagnosis of BV(

Nugent et al., 1991).

-22-



2.1.7.2 Culture

Isolation of Gardnerella vaginalis cannot be used to diagnose BV
because it can be cultured from the vagina of more than 50% normal
women . In research studies a high concentration of Gardnerella
vaginalis is associated with the presence of BV (Watts et al.,1990 ;

McDonald et al.,1997).

2.1.7.3 BV Blue Test

The Osom BV blue test ® provided by Gryphus Diagnostics, L.L.C. is a
chromogenic test done by immersing the swab into the tube containing
IBX 4041 (chromogenic substrate), and incubated at 37°C for 10 minutes
and then, 1-2 drops of BV Blue developer solution (Na OH solution 40
mg/ ml) was added. Development of intense blue color within 3 minutes

indicated the test as positive (Akhter et al.,2010).

2.1.7.4 PCR-Based Test

PCR-based tests are being used for molecular diagnosis of BV, mostly
based upon molecular quantification of G. vaginalis and A. vaginae
(Fredricks et al.,2005). These two species co-occur in the large majority

of BV patients, and the possibility of combining the detection of these
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two species for an accurate diagnosis of BV has been suggested

(Catwright et al., 2012 ; Shipitsyna et al.,2013).

2.1.8 Treatment of Bacterial vaginosis

Treatment of BV is difficult for several reasons, the most compelling of
which is that clinical cure, after various treatment regimes, is not
universally successful (Oduyebo et al.,2009;Senok et al., 2009). The
reported four-week cure rates vary between 60-70% and recurrence rates
are high (Larsson and Forsum 2005). Thus, treatment failures continue to
haunt both BV patients and their doctors. The plethora of metronidazole,
tinidazole, and clindamycin preparations used for eradication of the BV-
associated flora includes tablets, vaginal cream, vaginal pills, vaginal
gels, topical slow-release cream, and oral tablets, but systematic studies
of the optimal preparation for delivery of the drug are lacking (Senok et

al., 2009).

2.1.9 Characteristics of microorganisms, associated with (BV)

2.1.9.1Gardnerella vaginalis

Is a Gram-variable facultative anaerobic bacterium and was one of the
first organisms to be associated with BV. The abilities of G. vaginalis to
form a biofilm and produce prolidase, sialidase, P-galactosidase, and
vaginolysin may play a role in the pathogenesis of this condition (Forsum
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et al.,2005; Donati et al.,2010) . In recent years, the application of
culture-independent techniques has revealed the ubiquitous nature of G.
vaginalis. Due to the common occurrence of this microorganism in
healthy women, the role of G. vaginalis as a BV diagnostic marker has
been challenged. (Lamont, et al.,2011; Srinivasan et al 2010; Zozaya, et
al., 2010; Fredricks, et al.,2009; Sha, et al.,2005). Even though the
presence of G. vaginalis bacteria in the vaginal milieu signifies an
occurring disturbance, the concomitant detection of G. vaginalis with
other BV-associated microorganisms is more indicative of BV (De

Backer et al.,2007 ; Menard et al.,2010; Bradshaw et al.,2006).

2.1.9.2 Lactobacillus iners

Is a rod-shaped facultative anaerobic non-spore forming Gram-positive
bacteria. It is a common member of human-associated bacterial
microflora. Along with L. gasseri, L. crispatus, and L. jensenii, it is
considered to be one of the four major vaginal Lactobacillus species.
Physiologically, L. iners is different from other vaginal lactobacilli as it
IS less prone to hydrogen peroxide production and also is the most
fastidious microorganism compared with the other Lactobacillus species
(Lamont, et al.,2011; Forsum, et al.,2005) . L. iners can be detected in
both healthy and disturbed vaginal microflora including BV (Srinivasan

et al 2010; Zozaya et al.,2010; Fredricks et al.,2007) . L. iners’
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dominance, along with the depletion of other Lactobacillus species,
indicates that the vaginal microflora may be in a transitional stage
between abnormal and normal (Tamrakar et al.,2007 ; Jakobsson, and

Forsum 2007; Verstraelen et al.,2009).

2.1.9.3 Peptoniphilus lacrimalis

Peptoniphilus are Gram positive anaerobic cocci that were formerly
classified in the genus Peptostreptococcus. They are non-saccharolytic,
use peptone as a major energy source and produce butyrate (Ezaki, et

al.,2001).

2.2 Infections That Can Lead to Cancer

Since the start of the 20th century, it’s been known that certain infections
play a role in cancer in animals. More recently, infections with certain
viruses, bacteria, and parasites have been recognized as risk factors for
several types of cancer in humans. Infections can raise a person’s risk of

cancer in different ways. For example:

» Some viruses directly affect the genes inside cells that control their
growth. These viruses can insert their own genes into the cell, causing the

cell to grow out of control.
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* Some infections can cause long-term inflammation in a part of the body.
This can lead to changes in the affected cells and in nearby immune cells,

which can eventually lead to cancer.

» Some types of infections can suppress a person’s immune system, which
normally helps protect the body from some cancers. Any of these changes

might lead to a higher risk of cancer. (American Cancer Society 2014)

2.2.1 Oncogenic Viruses and Cervical Neoplasia

2.2.1.1 Human Papilloma Viruses (HPV5s)

Human papilloma viruses (HPVs) are a group of more than 150 related
viruses. They are called papilloma viruses because some of them cause
papillomas, which are more commonly known as warts. Some types of
HPV only grow in skin, while others grow in mucous membranes such as
the mouth, throat, or vagina. A few types of HPV are the main causes of
cervical cancer, which is the second most common cancer among women
worldwide. HPVs also have a role in causing some cancers of the penis,
anus, vagina, and vulva. They are linked to some cancers of the mouth

and throat, too. (American Cancer Society 2014).
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2.2.2 Bacteria That Can Lead To Cancer

2.2.2.1 Helicobacter pylori

Stomach cancer 1s not common in the United States, but it’s one of the
more common types of cancer worldwide. Long-term infection of the
stomach with Helicobacter pylori(H. pylori) can cause ulcers. It can also
inflame and damage the inner layer of the stomach. Some of these
changes could lead to cancer over time, especially cancer in the lower
part of the stomach. H. pylori infection is also linked with some types of

lymphoma of the stomach. (American Cancer Society 2014)

2.2.2.2 Chlamydia Trachomatis

Chlamydia trachomatis is a very common kind of bacteria that can infect
the female reproductive system as well as other parts of the body in both
men and women. Some studies have found that women whose blood tests
showed past or current chlamydia infection may be at greater risk for
cervical cancer than women with negative blood test results. (American

Cancer Society 2014)

2.3 Cervical Cancer

Cervical cancers is a cancer malignant of the cervix or within the cervical

area. It may form in the interior lining of the cervix, junction of the
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vagina and the uterus. (Saonere 2010). Cervical cancer begins to develop
in the cells around the cervix. Pre-cancerous cells which are described as
cervical intraepithelial neoplasia (CIN), squamous intraepithelial lesion
(SIL) and dysplasia. The pre-cancerous cells cancer can fully grow into
cancer. There are two main forms of cervical cancer namely squamous
cell carcinoma and adenocarcinoma, of these types 80% to 90% of the
cervical cancers are due to the squamous cell carcinoma which begin
where the exocervix joins the endocervix. Cervical adenocarcinoma
develops from the mucus-producing gland cells of the endocervix. (ACS,
2010.) In some cases some of the cancers can be as a result of a
combination of both squamous cells carcinoma and adenocarcinoma, the
carcinoma is known as adenosquamous carcinoma or mixed carcinoma.
In some women precancerous cells go away with no treatment what so

ever while others turn into true invasive cancers. (ACS, 2010).

2. 3.1Bacterial vaginosis and Cervical Cancer

The association of BV and development of cervical cancer is still remain
unclear and conflicting. Some studies show the association of bacterial
vaginal infection with cervical cancer (Platz-Christensen et al.,1994) and
other studies show no association at all (Peters , et al .,1995). However,
the possibility still exist that BV is in some way associated with the

development of CIN, as a cofactor to human papillomaviruses (HPV).
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2.3.2 Pathogenesis

The pathogenesis of BV in cervical cancer is complex. BV is not
attributable to a single causative organism but it’s due to immense
overgrowth of composite of flora including G.vaginalis,
Peptostreptococci, Bacterioides spp., Mobiluncusspp., Mycoplasma and
Ureaplasma urealyticum. Fusobacterium and Atopobium vagina are also
commonly found in BV. Inflammation plays a little role since this disease
Is due to the disruption of the vaginal microenvironment rather than a true
tissue’s infective state. This overgrowth shifts the Lactobacillus-
predominated vaginal ecosystem to micro environment with anaerobic
bacteria dominance. This conclusion is corroborated by experimental
studies conducted in humans and animal models that demonstrated upon
vaginal inoculation with a single vaginosis-causing bacterial species, BV
will rarely occur. The factors that lead to anaerobes bacterial overgrowth
remain uncertain. Increased availability of the substrates, raised in pH and
loss of Lactobacillus spp. were implicated for BV because the vagina of
normal women were predominantly inhabited by Lactobacillus spp. that
produced hydrogen peroxide which play an important role in suppressing
the overgrowth of anaerobes either directly or by producing a hydrogen-
halide complex catalyzed by naturally-occurring cervical peroxidase.

Following the anaerobic bacteria overgrowth, there will be an elevated
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polyamine production by the anaerobes, enhanced by the decarboxylases
which broke down the vaginal peptides into polyamines. These
polyamines along with vaginal organic acids (acetic and succinic acids)
are cytotoxic to the vaginal cells, leading to the vaginal cell’s exfoliation
manifesting as vaginal discharge which is malodorous and volatile due to
its high amine content. It has been hypothesized that BV results in
cervical cancer through an increase in vaginal nitrosamines and altered
cytokine profiles (Pavic 1984). The presence of raise nitrosamines in
vagina will lead to higher probability of DNA damage and change in
cytokine profiles will cause altered response of immune system to clear
up HPV infection. Therefore, BV will interact with HPV infection with
the consequence of higher risk of developing cervical cancer among those
with BV and HPV co-infection than those with a mono-infection.
However, other infections for instance Candida was not associated with
the development of CIN or cervical carcinoma (Engberts, et al ,2006).
Never the less, the causal relationship between BV-HPV interaction and
cervical cancer development may not be entirely infallible since the
causation may be bidirectional due to reverse causality. Owing to the
relative immunodeficiency state in advanced cancer stage, BV thrives and
therefore seems to be antecedent factor of cervical carcinoma while still
fact the opposite is true. It’s equally coherent to postulate that BV-HPV

infection is a bona-fide cause of cervical carcinoma. Unless there’s a
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properly executed and methodologically sound cohort study, the temporal
order between BV-HPV and cervical carcinoma cannot be fully
ascertained. Besides that, BV is diagnosed by a multitude of diagnostic
criteria. The most common ones used are Amsel and Nugent diagnostic
criteria. However, several studies for example two studies conducted in
Netherlands, have used a unique diagnostic system called KOPAC to
diagnose BV which was subsequently termed as vaginal dysbacteriosis, a
completely different concept since its diagnosis is based on microscopic
appearance rather than clinical Amsel or Nugent criteria. Therefore, the
heterogeneity of diagnostic criteria further hampered the unifying
conclusion on the causative potential of BV as cervical carcinoma’s

etiology (Sha et al., 2005).

2.3.3 Vaccines Against HPV

Vaccines are now available to help protect against infection from the
main cancer causing HPV types. These vaccines are approved for use in
females from age 9 up to their mid-20’s. Some HPV vaccines have also
been approved for use in boys and young men.(American Cancer Society

2014).

The vaccines can only be used to help prevent HPV infection — they do

not stop or help treat an existing infection. To be most effective, the
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vaccines should be given before a person becomes sexually active (has
sex with another person). Because the vaccines are still fairly new (first
approved in 2006), and it often takes decades for cancer to develop, it’s
not yet known how well they will protect against it, or exactly which
types of cancers they might help prevent. These vaccines and others like

them are being studied further.(American Cancer Society 2014) .

2.3.4lmplication to Treatment

The mainstay of treatment in carcinoma of the cervix is radical
radiotherapy and concurrent chemo-radiotherapy. The radiotherapy
includes a combination of external beam radiotherapy followed by intra

cavitarybrachy therapy. (American Cancer Society 2014) .
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Type of the Study

3.1. 1 Study Design

A Cross sectional laboratory based study was conducted aimed to provide

evidences about bacterial vaginosis and its association with uterine

cervical Neoplasia in human papilloma virus positive cases in Al-

Madinah Al-Monawarah Region. Collection of Samples was taken from
enrolled patients during the period from April 2016 to May 2017.

3.1.2 Study Area

Different Hospitals and clinical centers in Almadina Almunwarah Reigon

were included in the study.

3.1.3 Study Population

Group A

This group was consisted of one hundred and nineteen ( n=119) Saudi

females under reproductive age attending Maternity and Children

Hospital. All candidates were presented with signs and symptoms of

bacterial vaginosis. Thus high vaginal swab (HVS) was taken from all

patients.

Group B

Two hundred and thirty-eight women (n=238) attended Maternity and

Children Hospital (MCH) in Al-Madinah Al Munawarah and Yanbu Poly
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clinics with different ages (15-80 years) and gynecological symptoms

(menorrhagia, urine incontinence, vaginitis and other vaginal diseases).

3.1.4 Ethical Clearance

A confidential written consent was obtained from every participant.

Approval to conduct this research project was sought from the Ethical

Committee of Ministry of Health, KSA.

3.1.5 Data Collection

Data were collected by using a standard data questionnaire eliciting basic

social and risk factors for cervical cancer: name, age, , area, education,

occupation, date of marriage, smoking, husband smoke, LMP (last

menstrual period), get any contraceptive (It's type, duration), presence of

any sexual transmitted disease and it's type, clinical symptoms, previous

abnormal cytology, presence of discharge and it's color, presence of
grossly visible lesion and the clinical symptoms (Appendix I).

3.1.6 In clusion and Exclusion of Study group

All Saudi females in Al-Madinah Al-Monawarah Region was included in

his study and their age ranged from 15 to 80 years and suffering from

clinical symptoms of BV. Other nationality was excluded and age less

than 15 and more 80.
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3.2 Diagnostic Approach for Group A

The study targeted women under reproductive ages (n, 119; 75 pregnant
and 44 non -pregnant) attending Obstetrics and Gynecology Clinic and
Emergency Unit in Maternity and Children Hospital in Al-Madinah Al-
Munawarah, Saudi Arabia. Sampling was carried out according to the
WHO regulations. The swab was placed into Amies transport media
(ATM) is the mineral salt base semi-solid media designed as a holding
medium for maintaining viability of anaerobic bacteria. which was used
for anaerobic culture and making smear (wet preparation and Gram’s
stain). The swab was processed in the Microbiology Laboratory within 4
hours.

3.2.1 Conventional Methods for Identification

Different biochemical tests including: Whiff test, Catalase test, Oxidase
test, HVS Culture on 5% Human blood agar and Gram's stain were used

to identify target organisms.

3.2.1.1 PH of Vaginal Fluid

The vagina is normally slightly acidic with a PH of 3.8-4.2, swab of the
discharge was put onto litmus paper to check its acidity . PH greater than

4.5 is considered alkaline and suggestive of bacterial vaginosis.
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3.2.1.2 Whiff Test ( 10% KOH)

Swab containing vaginal secretion was placed in a test tube containing
0.5 cc of 10% KOH reagent. A characteristic fishy odor is considered

positive whiff test and suggestive of Bacterial VVaginosis.

3.2.1.3 Clue cells

The presence of clue cells (epithelial cells that are coated with bacteria)
on wet amount(drop normal saline on slide containing vaginal discharge)
visualized under microscope suggestive of bacterial vaginosis.( Appendix

V).

3.2.1.4 High Vaginal Swab Culture

The sample was streaked on 5% Human blood agar under aseptic
conditions, then incubated aerobically for 24 hours, at 37°C.Gardnerella
vaginalis produce beta haemolytic on 5%human blood agar. (Appendix

IV ).

3.2.1.5 Gram's Stain

Vaginal swab was smeared onto a clean microscopic slide, left to dry
completely and heat fixed. Smear was stained by Gram's Stain . Gram

negative to Gram-variable coryne from coccobacillary to bacillary forms,
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suggestive G.vaginalis.

3.2.1.6 Catalase Test

Several colonies of the isolated organisms were immersed with the use of
wooden stick in about 2-3 ml hydrogen peroxide solution (H202) in a test
tube .The presence of bubbles indicated positive results. G.vaginalis is

catalase negative. (Appendix V).

3.2.1.7 Oxidase Test

A piece of filter paper was soaked with few drops of oxidase reagent. A
colony of the test organism was then smeared on the filter paper using a
wooden stick. The change of color immediately to dark purple indicated

positive results. G.vaginalis is Oxidase negative. (Appendix V).

3.2.2 Molecular Identification for Bacteria (Group A&B )

Nucleic Acid Amplification Techniques (NAAT) are diagnostic methods
based on the amplification of Bacterial DNA. Polymerase Chain Reaction
(PCR) was used as a rapid and accurate diagnostic tool for detection of

Bacterial vaginosis.
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3.2.2.1DNA Extraction

DNA was extracted by using DNA extraction Kit according to the

manufactures’ instructions (Sacace Biotechnologies- Italy).

3.2.2.2 Primers Sequence

Specific primers were used to amplify sequences of the bacterial gene
that found in G.vaginalis which isolated from culture (group A).Also
G.vaginalis and other bacterial genes (L. iners and P.lacrimalis) which
extracted from cervix samples in liquid base cytology (group B) ( 170
samples from 238 in LBC were available to detect bacterial agent by PCR

(the rest was lost during transportation).

3.2.2.3 Preparation of Master Mix

Before starting master mix preparation, bench was disinfected using 70%
ethanol before preparation of each batch. PCR was done by end-point
PCR. The amplification was done using TECHNE® Ltd peltier thermal
cycler (Germany), (Appendix 1V). DNA amplifies was done using
Maxime PCR Premix kit (iINtRON, Korea) (Appendex V)The PCR assay
was carried out in a total volume of 25 pL of mixture containing 2
uLMaxime PCR Premix containing 1X PCR buffer, 1.5 mM MgCl2, 200
uM of each ANTP, and 1 U Taq DNA polymerase, 1 pL from 0.2mM

forward primer and 1 pL. from 0.2mM reverse primer was added (2 pL),
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5 uL of template DNA and 18 pL of (nuclease free water). The contents
of master mix were vortexed after addition of each item .In negative

control 5ul of sterile distilled water was added, while DNA extracted .

3.2.2.4 PCR Amplification

The reaction mixtures were then placed in the thermal cycler TECHNE®
Itd Peltier Thermal Cycle) that carried out the following PCR program:
initial denaturation step at 95°C 10 minutes for one cycle followed by
repeating cycles of denaturation (30 seconds at 95°C), annealing (30
seconds at 58°C) and extension (30 seconds at 72°C) for 40 cycles,

followed by a 7 minutes final extension step at 72°C.

3.2.2.5 Loading of Samples and Electrophoresis

Agarose gel (2% ) was prepared (Appendix I1), mixed well and poured
on to the casting tray. After solidification comb was gently removed and
enough electrophoresis buffer was added to the tank to cover the gel
(Appendix 1) (about 1 mm of depth), the top of the wells were
submerged.10ul of PCR product from each sample were delivered into
the well. 5ul of DNA ladder (marker) length 100 bp ladder with
fragments ranging from 100 bp to 1000 bp were added to one well in each

run to estimate the size of tested DNA sequence.( Appendix V). The gel
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electrophoresis apparatus was connected to a power pack (Serva Blue
Power 500, Germany).( Appendix 1V). The electrophoresis was

performed at 50 V for 30 minutes.

3.2.2.6 Visualization of PCR Product

After electrophoresis period the gel tray was removed from the
electrophoresis apparatus and the buffer was discarded, target DNA
fragments specific for bacteria viewed under ultraviolet transilluminator
(SYNGENE, UK)( Appendix IV). Lastly the gel was transferred for

photography documentation.

Table (4) Primers used for detection of G. vaginalis L. iners,P.lacrimalis

primers Sequence Product D.W

size bp | for 100pm/ul

G_vagina_lis F 5'- GGGCGGGCTAGAGTGCA -3’ 210 320
R 5'-GAACCCGTGGAATGGGCC -3

L. iners F5-5 ACAGGGGTAGTAACTGACCTTTG-3" 571 300
R5- ATCTAATCTCTTAGACTGGCTATG-3

P.lacrimalis | F 5-'AAGAGACGAACTTAGAGATAAGTTTT - 186 F:290
3 R:300

'R 5- CACCTTCCTCCGATTTATCAT-3’

Primers were imported from Macrogen, Korea (Appendix Il )
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3.3 Cytological Method Group B

3.3.1 Pap Stain

Papanicolaou stain (also Papanicolaou's stain and Pap stain) is a
multichromatic staining histological technique developed by George
Papanikolaou, the father of cytopathology. Pap staining is used to
differentiate cells in smear preparations of various bodily secretions; the
specimens can be gynecological smears or other materials containing
cells. Pap staining is a very reliable technique. As such, it is used for
cervical cancer screening in gynecology. The entire procedure is known
as Pap smear. In 1995, Platz- Christensen et al.reported that PAP smears
could be potentially as useful an instrument for clinical diagnosis of BV
as Amsel’s criteria (Platz-Christensen et al.,1995), while others expressed

doubt (Lamont et al., 1999; Prey, 1999).

Vaginocervical fluid was collected by using modified cyto-brush and it
was rinsed into a labled vial containing 10 ml of PreservCyt® transport
medium according the manufacturer’ instructions (Appendix IV).The
samples were then processed using Beckton, Dickson; PrepStain Slide
Processor/TriPath Imaging Inc, 2005. Finally, vials containing the

residual sample was frozen until used.
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3.4 Detection of HPV

HPV detection, was done by using HPV kit according to the
manufacturer’s instruction (Sacace Biotechnologies).(Appendix VII)
HPV High Risk Typing Test is based on three major processes: sample
preparation, multiplex amplification of DNA using specific HPV primers
and detection of the amplified products on agarose gel. Each PCR-mix-1
tube contains primers directed against regions of four HPV types and b-

globin gene used as Internal Control.

3.4.1 DNA Extraction

DNA was extracted by using DNA extraction kit according to the

manufactures’ instructions (Sacace Biotechnologies- Italy).

3.4.2 PCR Amplification

In the amplification protocol, three sets of PCR premix-1 were used to
check for the presence or absence of 12 possible genotypes (PCR mix-1
“16-35”, PCR mix-1 “18-59”, and PCR mix-1 “52-66") . Polymerase
chain reaction (PCR) was adopted in 25 ul according to (Sacace
Biotechnologies), in a PCR tube containing 5 pL of PCR-mix-1, 10 pL of
2.5 PCR buffer, 0.5 TagF polymerase and 10 pL of template DNA were
mixed. Also, control tubes were prepared to be included in the reaction.

Amplification of the target sequences was conducted using PCR machine

- 43 -



(SYNGENE, UK) only when temperature reaches 95°C and start the

following program (Table 5) .

Table 5. PCR program used in the amplification of HPV different types

Step tsC Time Cycles
1 95 °C Pause
2 95 °C 15 min 1
3 95 °C 30 sec 42

63 °C 30 sec

72°C 30 sec
4 72°C 1 min 1
5 10°C Storage

3.4.3 Interpretation of the Results

PCR protocol was carried out according to Sambrook et al. (2001).
Finally, the target ampilicons were monitored under UV light on 3%
agarose gel, with reference to Table( 6 and7) to compare the products

sizes.
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Table 6. Lengths of specific amplified DNA fragments of suspected HPV

Mix-1 (52— 66) | Mix-1 (18 —59) | Mix-1 (16 — 35)

304 HPV66 395bp HPV59 280bp HPV35

325 HPV65  75bp HPV45 227bp HPV33

240 HPV58 340bp HPV39 520bp HPV31

bp

360 HPV52 425bp HPV18 325bp HPV16

bp
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Table 7. Results for controls

Control Which step of | Specific Specific Interpretation
test is bands in the | bands in the
controlled gel 267-325 | gel 723 bp
bp
Neg. control | DNA No No Valid result
isolation
DNA - Amplification | No No Valid result
buffer
Internal Amplification | No Yes Valid result
control
HPV C+ Amplification | Yes No Valid result
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CHAPTER FOUR

RESULTS

4.1 Group A

4.1.1 Epidemiological Findings

This is a cross-sectional laboratory base study in which one hundred and
nineteen ( n=119) patients from Maternity and Children Hospital (MCH)

suffering from bacterial vaginosis were enrolled. (Figurel).

m G.vaginalis .
m Other Organisms A
= No Growth

Figurel. Distribution of different pathogenic organisms among enrolled subjects.
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4.1.1.1 Distribution of G. vaginalis and Age Groups

All candidates with G.vaginalis were classified into four age groups age
group were found to be more affected (20-29) 50% followed by age
group (30-39) 30% and (less than 20 and more than 40 years10% as

shown in Figure 2.

62.5

50%

50
37.5
25
12.5

<20 years 20-29 years 30-39 years >40 years

Figure 2. Distribution of G.vaginalis among patients according to age groups

4.1.1.2 Vaginal Infection and Pregnancy
In this study 75 pregnant women were included (75/119, 63.0%) as
shown in Table 8 and Figure 4.

Table 8. Vaginal Infection and Pregnancy

Infection Pregnant | Non pregnant | Total Percentage
Vaginal 46 30 76 63.9
infection

No infection 29 14 43 36.1

Total 75 44 119 100
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Figure 3. Frequency of G. vaginalis among Pregnant women.

4.1.2 Bacteriological Findings

4.1.2.1 Frequency of the Isolates

The data obtained in this study confirmed clearly the existence of vaginal
infection among 76/119 (64.7%) subjects, 20/76 (26.3%) was G.vaginalis
out of them eight as co-infection with other organism. On the other hand
organisms other than G.vaginalis were detected in this study these
include: Candida albicans 35/76 (46.1%) out of them four as co-infection
with Streptococcus spp., 21/76 (27.6%) out of them four as co-infection

with Candida albicans as shown in ( Table 10 and Appendix V).
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Table 9. The Frequency of Isolated Organisms among Enrolled Subjects.

Number Growth Frequency Percentage
1 Gardnerella vaginalis 20 26.3
2 Candida albicans 35 46.1
3 Streptococcus species 21 27.6
Total 76 100

4.1.2.1 Results of Gram’s stain and other Biochemical Tests
The use of direct and indirect Gram's stain from high vaginal swab beside
other important biochemical tests in this regards play important role in

the identification of the causative agents (Appendix IV).

4.1.3 PCR Results

Polymerase chain reaction was used to confirm the conventional results.
From the 20 specimens which were tentatively identified as G. vaginalis
were directly subjected to PCR. In this regards G.vaginalis were detected
among (17%)20/119 from the enrolled subjects (n, 119) , which show a
band typical in size (210 bp) to the target gene as indicated by the

standard DNA marker (Figure 7).
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210 pb

’

G. vaginalis
6

Figure 4. 2% agarose gel electrophoresis of PCR products: lane 1: DNA marker
(1000 bp); lane 2: negative control; lanes (3, 4, 5) samples showing negative results;

lane 6: sample showing positive result for G. vaginalis gene (210 pb).

4.2Group B

4.2.1Cytological Examination

Two hundred and thirty-eight (n=238) cervical smears were examined
cytologically and assessed for the presence of HPV. The ages of the study
population were from 15 to 80 years, with a mean of (39.7 £ 1.1 years);
additionally, age groups 31-40 and 41-50 were found to be the most
frequent in the study. The cytological investigation revealed that the
incidence of abnormal epithelial cells is low constituting 13 (5.5%)13/238
cases which are distributed as follows; ASCUS in 4 (1.7%) cases, LSIL in
4 (1.7%), HSIL in 5 (2.1%) cases and the majority were in the age group
(41-50) and (51-60). Among the enrolled subjects, 225/238, (94.5%) were

reported free from any type of cervical cancer cells, among which 88/238
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(37%) were cells with inflammations, 13/238 (5.5%) cells with Estrogen
effect, 11/238 (4.6%) cells with Progesterone effect, 7/238(2.9%)
vaginalis and the remaining 106 (44.5%) were normal cells . (Table 12).

4.2.2 Detection of HPV

HPV was detected in only six cases (2.5%) 6/238, with two of them
present in patients with epithelial change (2/13) hand, the remaining four
genotypes were detected within cells that appeared free from any types of
neoplasia as follows; HPV genotype 52 was identified in two patients
with inflammatory condition and genotype 33 was present in one case
with inflammation. However, HPV-58 was confirmed in women with

normal smears (Appendix IV and Tables 10,11,12 and 13).

Table 10. Distribution of HPV genotypes among enrolled subjects.

HPV Cytological diagnosis Total

genotype Normal Inflammation HSIL

HPV 16 0 0 2 2
HPV 33 0 1 0 1
HPV 52 0 2 0 2
HPV 58 1 0 0 1
Total 1 3 0 6
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Table 11. Cytological results and age groups normal epithelial cells

Age group Normal epithelial cells Total
Normal Inflammation Hormonal Candidal
effect Trichomonas
Less than 20 2 0 2 0 4
30-20 26 15 10 2 53
31-40 34 28 6 2 70
41-50 30 33 6 3 72
51-60 15 5 0 0 20
More than 60 6 4 0 0 10
Total 105 85 24 7 231
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Table 12. Cytological results and age groups abnormal epithelial cells +HPV

Age group Abnormal epithelial cells +HPV Total
ASC-US LSIL HSIL HSIL+
HPV
Less than 20 0 0 0 0 0
30-20 2 0 0 1 3
31-40 0 1 0 0 1
41-50 1 2 1 1 5
51-60 1 1 1 0 3
More than 60 0 0 1 0 1
Total 4 4 3 2 13

Table 13. Cytological results and age groups normal epithelial cells +HPV

Age group Normal epithelial cells + HPV Total
Normal Inflammation
+HPV +HPV
Less than 20 0 0 0
30-20 1 1 2
31-40 0 1 1
41-50 0 0 0
51-60 0 1 1
More than 60 0 0 0
4
Total 1 3
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Figure 5. 3% agarose gel electrophoresis of PCR amplicons of HPV from cervical
smears. Lanes: L= 1000 bp ladder; C1= positive control for HPV33 (325 bp); C2=
positive control for HPV 16 (227bp); N= negative control; 1, 5 negative samples; 2,4

= HPV16 positive samples; 3= HPV33 positive sample.
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Figure 6. 3% agarose gel electrophoresis of PCR amplicons of HPV from cervical
smears. Lanes: 5= 1000 bp ladder; 1= positive control for HPV 52 (360bp);

2=negative control; 3 = HPV52 positive sample; 4= internal control (723bp); 6=

HPV58 positive sample (240 bp).
4.2.3 Detection of Bacterial Agents

Among the study subjects ( n=170) our findings suggested different
frequencies of target pathogens as follows: (4/170, 2.4%) Gardinella

vaginalis, (4/170, 2.4%) P. lacrimalis and (13/170,7.6%) L. iners highest

frequent as shown in and Table 14. Figure 4,7,8.
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Table 14. Distribution of bacterial vaginosis among enrolled subjects

PCR results Frequency | Percentage
1 Gardnerella vaginalis 4 2.4
2 Peptoniphius lacrimalis | 4 2.4
3 Lactopacillus iners 13 7.6
Total 21 12.4

PCR detected G.vaginalis, in (2.4%) of 170 clinical isolates, which show
a band typical in size (210 bp) to the target gene as indicated by the
standard DNA marker also it detected L.iners 7.6% 571 pb and P.

lacrimalis 2.4% 186 pb Figure 7.12.13.

marker 1 2 3

186 pb

100 pb

P lacrimalis

Figure 7 . 2% agarose gel electrophoresis of PCR product lane 1: negative control
lane 2: sample showing positive results for P.lacrimalis (186pb), lane 3: sample

showing negative result .
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L. iners

Figure 8. 2% agarose gel electrophoresis of PCR products: lane 1: negative control;
lanes (2,3) samples showing negative results; lane 4: sample showing positive result

for L.iners(571pb).

4.2.4 4 Bacterial vaginosis versus HPV

Bacterial vaginosis detect in twenty one women 12.4% two of them only

have HPV 9.5% type 52 and 58 ( Table 14).

Table 15 .Bacterial vaginosis and HPV positive case

HPV genotypes Epithelial change Bacterial vaginosis
16 2 0
33 0 0
52 0 2
58 0 0
Total 2 2
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CHAPTER FIVE

5. DISCUSSION

For the first part of the study in which we aimed to determine the
frequency of G. vaginalis among women in reproductive age with sings

of bacterial vaginosis .

The results confirm the existence of vaginal infection in 63.8%76/119 of
the study population, similar results were obtained in Riyadh, KSA by
Tahany et al., (2013) who reported 61.3% among enrolled women and
this is an alarming of increased incidence of vaginal infection in KSA.
Also, similar results were reported in Ghana by (Gloria and Daniel, 2013)
as they confirmed that 66% of their studied populations were presented

with vaginal infection.

The results also showed that the frequency of G. vaginalis were (26.3%)
20/76 of women with vaginal infection. In Riyadh, KSA, Tahany et al.,
(2013) reported that 80.4% of enrolled women were infected with G.
vaginalis. | suggested that high frequency of G. vaginalis in Riyadh
because its large city and contain a lot of people from different Race. In
England (69%) of infection with bacterial vaginosis was reported by
(Jolly, 1983) and in America (87%) were reported by (Alla et al.,

2001).This may be du to lake of Islamic religious awareness regarding
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sexuality issues in this areas. Similar results were listed in Ghana by
(Gloria and Daniel, 2013), (28%) and in Bangladesh (25.5%) by (Begum
et al., 2011), moderate to slightly high results were reported in Portugal

by Debora, et al., (2014) who found an infection rate of (36.9%).

In this study, the results of Candida spp. were (46.1%) 35/76. Lower
percentage was obtained in Riyadh, KSA by (Tahany et al., 2013) which
was (16.3%) and in Ghana by (Gloria and Daniel, 2013) was (16%).
However, in Tanzania, identical results (45%) were reported by
(Namkinga, et al., 2005). This result shows the high prevalence of
vaginal candidiasis in women of Al-Madinah Al-Munawarah , KSA.
Isuggested that high prevalence of vaginal candidiasis due to our study
group which contain pregnant women. Low immunity of pregnant woman

increased occurrence of candida infections.

Streptococcus spp. was reported in (27.6%) 21/76 of this in the study
population. This disagrees with both the low percentage (2.2%) found in
Riyadh, KSA by (Tahany et al., 2013) and the high percentage (58.7%)
which was reported from Greece by (Tansarli, et al., 2013).This

differences may be due to ethnic reasons.

In this study, the age group (20-29 years) was the one with the highest
percentage of infection (50%) then (30-39 years) was with the moderate

percentage (30%), and the lowest percentage was observed in the older
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group (more than 40 years, 10%) and younger group (less than 20 years),
(10%). That means age could be considered as a risk factor in the
distribution of the bacterial vaginosis caused by Gardnerella vaginalias.
A similar result was reported by (Tahany et al., 2013) that the age group
(21-30 years) had the highest percentage (52.2%) and in age group (31-
40) had the moderate percentage (30.4%) but differs in age groups (less
than 20 years and more than 40 years), which had the percentages (4.4%

and 13%) respectively.

In this study bacterial vaginosis caused by Gardnerella vaginalis in
pregnant women represent (15.3%)7/46 and in non-pregnant women
represent (44.3%)13/30. Identical finding was reported in Bulgaria by
(Raina et al., 2013) who showed that in non-pregnant women the
percentage was (44.3%) but it was different in pregnant women where the
percentage was (41.1%). That mean there is increase of BV in non-

pregnant women more than pregnant women.

Throw the questionnaire we found that BV was more common in
educated women and in most women who used the IUD (intra uterine
device) as a contraceptive and who are more likely to use vaginal
douching. All BV infections are also detected in women whom their

husbands was smoking.
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Concerning the second part of the study, the incidence of abnormal
epithelial cells is low, constituting 5.5% (13/238) of screened cases. This
result is not far from that of Altaf (2008), who studied cervical neoplasia
among Saudi women in the period from 1990 to 2004. Here, the author
found that the incidence of abnormal pap smears was 4.7% of study
group (5132 patients) and also reported the classification of abnormal pap
smears in the study as follows; atypical squamous cell (2.4%), atypical
glandular cells (1.1%), low scale squamous intraepithelial (0.6%) and
high scale squamous intraepithelial (0.4%). Different malignant groups
were observed which include: adenocarcinoma of the cervix,

neuroendocrine carcinoma and squamous cell carcinoma.

This study showed that the most of precancerous lesions were distributed
in the age group (41-50) followed by (51-60) years. This result totally
disagree with Sawaya et al. (2000) who studied the percentage of cervical
changes in a three years longitudinal study, their results indicated that the
target cervical abnormalities were found to be predominant among
women under 30 years old followed by age group of 30-49 and 50-64
years old respectively, while women over 65 years old showed the lowest
frequency. Nevertheless, Saudi Cancer Report (SCR, 2011) showed
evidences that cervical neoplasia among Saudi females were mostly

found among age group of 15-44 years old. Our findings also suggested
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that HPV-16 was detected among women of the age group 21-30 and 41-
50 while HPV-33 was isolated at age group 51-60 years old. These results
are not far from that of Bruni et al. (2010), who recorded cervical cancer
among Saudi females to be most likely concentrated among the age group
(41-45 years) followed by the age group (56—60 years) as has been

observed in other communities.

One of the major concerns of this project is the estimation of the
prevalence of HPV among suspected women. Different studies estimated
that the prevalence of HPV among suspected females may exceed 99%
worldwide (De Sanjose et al., 2010), whereas in KSA and other similar
regions the ratio between HPV and cervical cancer is scanty (Hussain et
al., 2012; Khorasanizadeh et al., 2012; Hammouda et al., 2011; Alsbeih

et al., 2011; Al-Badawi et al., 2011).

On the other hand, many researchers noted that the situation of cervical
neoplasia among Saudi women is comparable and the participation of
HPV in this phenomenon is also within the normal range worldwide
(Ghazi, 2014). The majority of these studies suggested that the most
frequent genotypes were HPV 16 and 18 respectively (Alsbeih et al.,
2011; Al-Badawi et al., 2011). Furthermore, multiple infections caused
by more than one genotype were recorded among Saudi females.(Ghazi

et al .,2013) One important finding is the presence of epithelial cell
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changes among 11 (84.6%) cases with the absence of any HPV
genotypes, a result that was previously suggested by many researchers
worldwide. Farnsworth (2011) observed significant prevalence (8%) of
squamous carcinoma among Australian females identified negative for
HPV. Similarly, Poljak et al. (2009) with the agreement of Tjalma et al.
(2013) proved the occurrence of 12.6% of cervical cancer cases without
any evidence of the existence of HPV as causal organism. This may
provide evidences to adjust and standardize all the available diagnostic
Kits to be more reliable for a wide spectrum check of HPV genotypes (Sin
et al., 2014). One more additional point, is the presence of HPV among 4
(30.8%) cases with normal cytological smears, which may be an inquiry
to search for the any suspected participation of HPV in the initiation of
future abnormalities among Saudi females, especially if we consider the
appearance of these non-classical genotypes; 33 and 52, among cells with
inflations. Similar findings which prove the role of these new genotypes
were reported in this regard in the Middle East communities (Darnel et

al., 2010) and elsewhere (Bruni et al., 2010; Sawaya et al., 2000).

Based on the previously mentioned studies, this research finding totally
agrees with the fact that the occurrence of cervical neoplasia among
Saudi females is scanty compared to different part of the world. On the

other hand, this study proved the existence of new genotypes beside HPV
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16 (HPV 33 (16.7%) 1/6, HPV 52 (33.3%)2/6 and HPV 58 (16.7%)1/6
which were not previously observed in this region. However, Darnel et
al., 2010, suggested that HPV 33 could be the most dominant genotype
responsible for this condition in the Middle East followed by genotypes
18 and 16 respectively (Darnel et al., 2010). These findings prove that
there are genotypes other than 16 and 18 in charge of causing cervical
cancer among Saudi women, a point that should be considered by
researchers and specialists in the medical field, putting into consideration

the impressive scanty distribution of HPV in this region.

On the other hand, the results reflected low ratio of bacterial vaginosis
21/170 (12.4%) as follow :G.vaginalis 4/170 (2.4%) , P.lacrimalis 4/170
(2.4%) and L. iners 13/170 (7.6% ) among group B (cervical samples).
This low ratio of Bacterial vaginosis result from the indirect site of the
sample Cervical not original site for this bacteria so it is found in low
numbers. BV detect in twenty one women two of them only have HPV
2121 (9.5% )type 52 (31years) and 58 (28 years) but there is no epithelial
change. On the other hand two of six positive HPV have epithelial change
but there is no bacterial vaginosis .So | suggested that there is no
association between BV and HPV in uterine cervical neoplasia .Different
studies proved the association between bacterial vaginosis and cervical

cancer (Platz-Christensen, et al., 1994; Barrington et al.,1997; Schiff et
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al., 2000) cervical cytological abnormalities are found significantly more
often in women with a disturbed vaginal flora, suggesting a possible link
between BV and the development of cervical cancer. while other authors
proved contrary findings in which they announced for negative
relationship. Bacterial vaginosis is not important in the etiology of

cervical neoplasia (Peters et al .,1995).

However, the possibility still exist that BV is in some way associated
with the development of CIN, as a cofactor to human papillomaviruses
(HPV). Therefore, BV was taken into consideration in series of studies on
CIN (Sweet et al., 2000; Behbakht et al 2002 ; CDC; Pavic et al 1984;
Platz-Christensen et al 1994; Peters et al .,1995; and Callahan et al .,
2003). In previous studies, the prevalence of BV in patients varies; 32-
64% from STD clinics, 12-25% from gynecology outpatients clinics, 10-
26% from antenatal clinics (Spiegel et al .,1980; Gravett et al.,1986;
Eschenbach et al., 1988 and Discacciati et al .,2006 ) in their reports
indicate the similarity of BV prevalence in both,18% of women with
squamous intraepithelial lesion (SIL) and 12% of women without SIL.
However, a higher rate of BV (33%) was found among women with high-
grade SIL (Discacciati et al .,2006). Besides, study in Japan by Mikamo
et al (Mikamo et al .,1999) indicates that 50% of Gardnerella vaginalis

and 80% of BV including other co-existing bacterial species was detected
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in cervical cancer patients. The different prevalence of BV among these
studies might be due to that different technique, diagnostic criteria and
clinician’s opinions in each study ( Peters1995; Sikstrom et al., 1997;
Castle et al .,2001; Mao et al ; Boyle et al., 2003; da Silva et al., 2004;
Watts et al ; Samoff ,et al .,2005; Figueiredo et al 2008; Verteram et al;
Nam et al and Rahkola et al.,, 2009). For example, the prevalence
obtained using Nugent’scriteria was consistently higher as opposed to
studies using clinical “Amsel criteria” (EvyGillet et al ., 2011). The study
concluded very low prevalence of HR-HPV in routine cervical screening
samples among suspected Saudi women. Additionally, weak relation

between HPV and the incidence of cervical neoplasia was also observed.
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5.1Conclusions

Referring to the results and findings obtained in this study we can

conclude the following:

Among women with signs and symptoms of BV in group A; The results
confirm the existence of vaginal infection and high frequency of G.
vaginalis among saudi women in reproductive age. Age could be
considered as a risk factor in the distribution of the bacterial vaginosis

caused by Gardnerella vaginalis.

The result of PCR in this group confirmed the presence of G. vaginalis
among enrolled subjects . Gardnerella vaginalis in pregnant women was
low compared with non-pregnant women .Indirect smoking , vaginal

douching,and 1UD increased the incidence of BV.

Our results suggested decreasing prevalence of precancerous epithelial
lesions in routine cervical screening samples, with scanty occurrence of

HR- HPV compared with findings elsewhere.

There are genotypes other than 16 and 18 in charge of causing cervical
cancer among Saudi women (HPV 33 HPV 52 and HPV 58). HPV-16
was detected among women of the age group 21-30 and 41-50 while

HPV-33 was isolated in age group 51-60.
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Among women with signs and symptoms of BV in group B; The results
reflected low ratio of G.vaginalis, P.lacrimalis and L. iners among
enrolled subjects. Low results due to the site of the samples (cervical )

differ from group A( vaginal).

Bacterial vaginosis detect in twenty one women two of them only have

HPV type 52 and 58 without evidence of epithelial changes. Also two of
sex positive HPV have epithelial changes but without bacterial vaginosis
infection. Here we found no association between BV and HPV in uterine
cervical neoplasia.

5.2 Recommendations

For prospective future work we recommend the following:

Further researches on BV focus pathogenesis and treatment might be
important to expand our knowledge on BV and its association with

cervical cancer.

Further researches may concentrate on other HR-HPV and/or LR- HPV
genotypes, which are currently not proved for this region.

The association of BV in cervical cancer among women worldwide
requires a compulsory screening and treatment in different clinical

conditions.
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Staying away from the smoke source and minimizing the vaginal

douching may be reduces BV.
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Appendix |
questionnaire

SHENDI UNIVERSITY

Bacterial Vaginosis and its Association with Uterine Cervical Neoplasia in
Human Papilloma Virus Positive Cases in Al-Madinah Al-Monawarah Region,
KSA

..................................................................

..........................................................
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The type of contraceptive:

Pills D Injection D IUDD

Duration of uses of contraceptive...........................

Do you smoke: YesL_JNol__J

Do your husband smoke: YesD NOD
Date of LMP:-----------mnmmmmmm e

Presence of STD: Yes D NOD

What is the type of

itching D burning D vaginal dischargeD
bad odor D Change of coIorD

Presence of visible lesion: Yes: D NOD :
The clinical symptoms of this
| (SR310) s D

Is there any previous abnormal cytology:

Yes: D NOD:

Resistant..................
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Appendix 11

Molecular reagents
10 X TBE buffer

Formula in grams per liter

Tris base.....oovvvviiiiiii e, 108 gm
Boricacid..........ccooiiiiiii 55gm
EDTA. ..o, 40 ml of 0.5M
Deionized water.............cocoveiiiiiiiinnnnn... 1 liter

Preparation

Amount of 108 gm. Tris base were weighed and added to 55gm of
boric acid and 40 ml of 0.5M EDTA then dissolved into 1 liter
deionized water pH 8.0.

1X TBE buffer

Formula in ml per liter

IO X TBE. ..o 10 ml

Deionized water............coooeiiiiiiiiiiiiiiin. .. 90 ml

Preparation

Ten ml of 10 X TBE buffer was added to 90 ml deionized water
and heated until completely dissolved.

Ethidium bromide solution

Formula in grams per1ml

Ethidium bromide................................. 10 mg
Deionized water............ocevviiiiiiiiiiiinnnn. [ ml
Preparation

Twenty milligrams of ethidium bromide powder were dissolved

into 1000 pl deionized water, and kept into brown bottle.
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Agarose gel preparation

Amount of 2 gm of agarose powder dissolved by
boiling in 100 ml 1X TBE buffer, then was cooled to 55°C
In water bath, then,

1.5 wl of Ethidium bromides stock (10 mg/ml)
per 100 ml gel solution for a final concentration of 0.5
ug/ml were added, mixed well and poured on to the
casting tray that has been taped up appropriately and
was equipped with suitable comb to form well in place.
Any bubbles were removed and the gel was allowed to
set at room temperature. After solidification, the comb
was gently removed and the spacer from the opened
sides was removed.

the opened sides was removed.
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Appendix 11
Primers

0G160411 -
. salma commercial center, madina road Orderdate : 2016/04 (L1
Packing date : 2016/04/14

21311
Page : 2/4

L.iners453F

' 5'-ACA GGG GTA GTA ACT GAC CTT TG -3’ (23mer)
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| G.vag_644F
J 5'-GGG CGG GCT AGA GTG CA-3' (17mer) ,
W | Yield —
‘measured | OD | nmol |(umole |-
53013 | 6.2 | 320 | 005 | sels |
_ Puificaton | Mo
MOPC

vag_851R

: GAA CCC GTG GAA TGG GCC-3' (18mer)
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Appendix IV
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Figure 9. Direct Gram's stain from high vaginal swab of: A: G.vaginalis showing

Clue cells; B: Candida albicans surrounded epithelium cell.
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C: Direct Gram's stain from high vaginal swab Streptococcus spp. neighboring to the

epithelium cell.
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'

Catalase -ve _
Catalase-ve Calalse+ve

#;’ OXIDASE *"

Oxidase positive

Oxidase negative

Figure 10.A: an overnight growth of G.vaginalis in Blood Agar
producing beta hemolysis. B: catalase test ; right (positive result) and
left (negative result) C: oxidase test with the presence of dark purple

color
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Figure 11. Cervical smear of 48 years old patient with HSIL, (HPV genotype 16),
syncytial cluster of hyperchromatic cells with increased nuclear/cytoplasmic ratio and

irregular nuclear membrane (liquid-based preparation, Thin Prep,X40).

-

Figure 12. Cervical smear of 30 years old patients with HSIL, (HPV genotypel6), enlarged
cells with increased nuclear/cytoplasmic ratio with granular chromatin and slightly irregular

nuclear membrane (liquid-based preparation, Thin Prep, X40).
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Figure (13) Microcentrifuge device

Figure (14) Thermocycle device
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Figure (15). Gel electrophoresis and power supply device
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Figure (16). UV Light transilluminater device
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Figure(17) Liquid Base Cytology
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Appendix V

Research Use Ondy

Maxime PCR PreMix Series

Maxime PCR PreMix Kit ( i-Taq )
for 20l rxn / 50p xn

Cat. No. 25025(for 20, rxn, 95 tubes) Cat. No. 25026(5r 20, nm, 430 tubes)
Cat. No. 25035{for S0l rxn, 96 tubes)

INIRON's Maxime PCR PreMix Kit has not only vanious kinds of PreMix Kit
acconding to expenence purpose, but 3k0 a 2X Master mix solution.
Maxime PCR Prebix Kit (-Taq) & M@ product what is mored every component:
FTaq™ DNA Polymerase, dNTP madure, reaction buSisr, and <0 on- in one
mu1mmmmnmmmg&ummnﬁnm
most convenience system. The first reason is that it has every components for
PCR, 50 we Can 4o PCR just 301 2 tempiate DNA, primes set, 3nd DW.. The
sacond Teason is Mal i has Gel loading buffer 10 do elCIOphoresEs, 50 We
can do g2l vading without any Yeatment In aodiion, each Dalches are
checked by a thorough Q.C_, S0 its reappearance is high. It is suitable for
various sample's expenience by fast and simple using mehod.

Store a1-20°C; under this condition, it is Stable for 3t Jeast a year.
« High efficiency of the ampificaion

~ Ready 10 use- only tempiate and primers are needed
= Stabie for over 1 year at-20C

« Mayime PCR PreMix (-Tag, for 20yl rxn) 96 (430) udes
« Maxime PCR PreMix (Tag, for 50ul nn) 96 tubes

Companentin 20 yi reaction S0 yd reaction
#Taq™ DNA Polymesase(SUll) 25U 5U

aNTPs 2.5mM each ZSuIleadl
Reaction Bufes(10x) 1x
Gel Loadng bufer 1x

1:

Note : The PCR process & coversd by pelents =sued and spplicable o cedan
counires. MRON Bictechnology does not encoumge o =upport e uwauthorzed or
Unlicensed use of e PCR process. Use of the product is recommended for persons
Thet eilser have a license o perform PCR orare not sequired o oblain & fcerse.

ISO 9001/14001 Cernted Company

PROTOCOL

1. Acq tempiate DNA and primers into Maxime PCR Preix tubes (-Tag).
Nots 1 : Recommended volume of ssmpiate and pamer © Sui~ou
Appropriate amounts of DNA =mpiate sampies

= CONA - 0.5-10% of first RT reaction wolume
« Piasmid DNA - 10pg-100ng
Gemmcm 01-'Iughrsl¢wpy

zmmmmmmmwmumwuw.
Do not cakculate the died components

Total 204l or S0l reaction volume

PCR reotion miziare Axd Add
Tempiete DNA -39 24
Primer - 10pmokul 1o 2254
Primer (7 - Ypmaiig 1= 2-254
Distied Weter 10-T, a-ap
Toud reastion volume 2w au

Nots : This example serves as a guideline for PCR ampification. OpSmal
reaction condiions Such as amount of tempiate DNA and amount of primer,

may vary and must be individually determined.
3. Dissolve T biue peliet by pipetting.
Note © ¥ the mixture Jets stand at RT for 1-2min afer adding water, the
peliet is easily dissolved.
4. (OpSion) Add mineral oil.
Note - This Step & unnecessary when using a thesmal cytier hial empioys
a top heating method(genarat methods).
5. Perform PCR of sampies,
6. Load sampies on agarose gel without adding a ioading-dye buffer and
perform elecirophoresis.

SUGGESTED CYCLING PARAMETERS

PCR product sz
s g 100-500bp | 500-1000bp | 1K-SKD
Tnisl denshurstion. | 9T | 2mn e
Denbrobion | BT | 20wc | 20mec | 20mec
g":‘: Amnesing | S065T | 10mc | Weec | 20sec
Exension | 6572C | 20:30mec | A0S0mc | Iminb

P el 72T Optonel Nermaly, 2-5min

EXPERIMENTAL INFORMATION

« Comparison with different company kit
Maxime [i-Ta9™)

Company A

MC1 2 34 G 8 TMNCT 2 32 4 E & 7

Fig 1. Comparizon of Mevime PCR PreMix (FTaq) and Company A's PreMix
system by amplifying 1 Kb DNA fragment .

Afier diuing the ADNA 25 ndcales, the PCR reaclion was perfoemed wilh Mazime

PCR PreMix {-Tog) and compeny'’s A product

Lane B, SZer-1000 DNA Marker; lane 4, undiuied JDNA; lane 2, 200 ng ADNA; Lane

3,40 ng ADNA; ane 4, B ng ADNA; lame 5, 16 ng ADNA; ; ame §, 320 pg \DNA; kane

7,64 pg IDNA; lane NC, Negabve conirol

Maxime §-Taq™)
2 3 4 6 6 M N1

Cospany A
2 3 4 5 8

Fig.2. Comparizon of Maxime PCR PreMix (FTag) and Company A's Prelix
system by amplifying 570 bp DNA fragment {GAPDH). )
Tolel RNA was purfied from SNU-T using easy-SLUE™ Tols! RNA Exdmciicon K3
[Cat. No. 17061). And then, the fiest sbund of cONA was syndheszed using Power
cONA Synthesis Kit [Cat. No. 25011). After diuing Ehe cONA madure a3 ndiales, e

RT-PCR seacion was pedomed.

lane M, SZer-100 DNA Marker; Gne 4, undiuied cONA; bne 2 12 diuvied cONA;
lane 3, 14 diufed cONA; lame 4, 1/8 dided cONA; 1ame 5, 1196 dluled cONK; lane §,
132 diuded cDNA; lane NC, Negabuve conbol

wwa.intronbio.com / infogintronbio.com
T. (0505)S50-5600 / F. (DS0S)550-5660
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Appendix VII

acace

BIOTECHNOLOGIES
—

For in Vitro Diagnostic Use

HPV High Risk Typing
List Number o ‘:“/I;n? Ii“(; Store at +2-8/-20°C
[IWD] ¥or in Vitro Disgnostic Use /l\ Caution!

@ Lot Number @ Version
Tl

8 Expiration Date

v Contains reagents ‘ Manufacturer

] Consult instructions for use

NAME
HPV High Risk Typing

INTRODUCTION

Genital infection with HPV is one of the most sexually i i (STDs) of viral etiology

worldwide (20% - 46% in different countries in sexually active young women).

Cervical cancer is the second mMOSL coMMon cancer in women worldwide, and a compellmg body of clinical,
1, molecular, and experimental evi has b the some

sexually transmitied HPV genotypes and cervical neoplasia throughout the world. Based on the frequency of
detection of HPV genotypes from different grades of Cervical Intracpithelial Neoplasia (CIN Grades 1 - 111),
are subdivided into High-risk HPV types (16, 18, 31 and 45), Imarmodnn-nsk types (33, 35, 39,
e e b Wﬁiﬂoﬂ ubclinical
al ¢ or s
electron
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