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ABSTRACT

Human papillomaviruses and Chlamydia trachomatis are two of the most common
sexually transmitted infections worldwide. They can be detected using urine, swab and
cervical scrapings from the anogenital region. Liquid-based cervical cytology is fast
becoming the method of choice for the preparation of cervical smears, with the major
advantage of extra cellular material from which nucleic acids can be extracted and
molecular tests performed. In this project, nucleic acid based methods for the detection
of HPV and C. frachomatis and the quantitation and typing of HPV from PreservCyt
cervical material were established and applied in an epidemiological study of the

prevalence of these organisms in the female Irish population.

The study was divided into three parts A:- Optimisation of nucleic acid extraction from
PreservCyt cervical samples, B:- Development of multiplex PCR for the simultaneous
detection of HPV and C. trachomatis and the determination of the prevalence of these
organisms and C:- HPV genotyping, quantitation and evaluation of the relationship of
these correlates with dcervical neoplasia and patient factors including age and smoking

status.

In the first paper published from the study, three methods for DNA extraction from
PreservCyt cervical samples were compared by the downstream PCR amplification of
C. trachomatis using the CTP plasmid (201 bp) and MOMP gene (540 bp) primers
(Keegan er al, 2005a). C. trachomatis bacterial load was calculated by real-time
LightCycler PCR for the amplification of the Asp60 gene (650 bp). The Proteinase K-
chelex digestion method and QIAamp method liberated similar bacterial copy numbers
however the commercial QlAamp DNA extraction kit was the most efficient method for

the preparation of DNA for PCR amplification regardless of amplicon size.



The second paper published from the study details optimisation and evaluation of a
multiplex PCR for the simultaneous detection of HPV and C. frachomatis from
PreservCyt cervical samples (Keegan et a/, 2005b). This multiplex was then applied to a
cohort of 997 PreservCyt cervical samples from Irish women undergoing opportunistic
cervical screening. The prevalence of HPV and C. mrachomatis were 20% and 5%
respectively. Prevalence was highest for both organisms in the under 25 years age group
and decreased with age (P<0.0001). A coinfection rate of 1% was established for HPV
and C. frachomatis. HPV was associated with abnormal cytological smear results and
HPV detection was 100% sensitive for the detection of high-grade cervical

intraepithelial lesions. C. frachomatis infection was not associated with abnormal

cytology.

In the final part of this study (paper in preparation), HPV infections were investigated
further in terms of viral load and genotype. HPV viral load was determined by real-time
quantitative LightCycler PCR. Viral load was higher in women with borderline cytology
or CIN lesions than in women with normal smears (P<0.001), however viral load did
not increase with grade of CIN. Genotyping was performed by sequencing of the
MYO0%11 L1 gene PCR product. High-risk HPV types predominated in all grades of
cytology including normal smears. HPV16 and 18 were the most common followed by
high-risk types 66, 53 and 33 and low-risk types 6, 61 and 70. HPV16 and 18 were the
most common in all grades of cytology except in borderline cases where HPV66 was
the most common. Cigarette smoking was more common in women with abnormal
cytology (P<0.001) and also in women with evidence of HPV (P=0.008) or C.

trachomatis infection (P<0.001).
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The main findings of this study were the overall prevalence of HPV and C. trachomatis
in an opportunistically screened Irish female population; the strong association between
HPYV infection and high grade premalignant neoplasia; that HPV viral load was not
significantly different in HPV positive cases with mild and high-grade cervical
abnormalities; the commonest high-risk HPV types were 16, 18, 66, 53 and 33 and low-
risk types 6, 61 and 70. Cigarette smoking was strongly associated with abnormal
cytology smear results and HPV, C. trachomatis and abnormal c¢ytology smear results
were more common in women under 35 years of age. The results of this study are

similar to findings in other European countries.
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CHAPTER 1

General Introduction



1.1 Foreword

In recent decades, the number of cases of sexually transmitted infections (STIs) has
risen globally (WHO, 1995). STIs are a significant cause of morbidity and mortality
worldwide, particularly in women. The Acquired Immunodeficiency Syndrome (AIDS)
pandemic has generated much interest in other STIs most notably because of their
contributory role in the pathology of this disease. While the majority of cases of STI are
at the acute or subacute level, adverse disease outcomes such as carcinogenesis and
debilitating reproductive disorders may be associated with a minority of cases, in

particular infections with Human Papillomavirus (HPV) and Chlamydia trachomatis.

Cervical cancer is one of the most common cancers in women worldwide causing over
200,000 deaths annually (Wick, 2000). Early epidemiological studies of cervical
neoplasia suggested a direct causal relationship with sexual activity (Munoz and Bosch,
1996). Viruses directly contribute to approximately 15% of all human cancers, with
hepatocellular cancer and cancer of the cervix making up about 80% of all

virus-associated cancers. After cigarette smoking, viral infections are the second most
important risk factor for the development of cancer (zur Hausen, 1991). Over the last 20
years a number of sexually transmitted viruses including HPV, Epstein-Barr virus
(EBV), Cytomegelovirus (CMV) and Human Herpes Viruses (HHV) and the
components of semen were proposed in the quest for the identification of possible
venereally transmitted carcinogens, however only HPV was found to have any
significant association with cervical cancer. A German virologist, Harold zur Hausen,
first demonstrated the link between genital HPV infections and cervical cancer in the
1980°s. There is now compelling evidence, both molecular (Southern and Herrington,
1998) and epidemiological (Munoz, 2000) that persistent HPV infection is a necessary

cause of cervical cancer worldwide. In 1995, the International Agency for Research on



Cancer (IARC) concluded that there was sufficient evidence to classify HPV types 16
and 18 as definitive human carcinogens (Vainio ef al, 1995). Results of an IARC study
on the prevalence of HPV in invasive cervical cancer found that overall, 99.7% of 1,000
cases of histologically confirmed invasive cervical cancers were HPV DNA positive
(Walboomers ef al, 1999). C trachomatis infections are a leading cause of infertility and
ectopic pregnancy worldwide (Centers for Disease Control and Prevention (CDC),
2005) and are now believed to act as a cofactor in the development of invasive cervical

cancer (Smith ef a/, 2004).

1.2 Human papillomavirus biology

1.2.1 Classification

Papillomaviruses are members of the recently declared Papillomaviridae family (de
Villiers ef al, 2004) They are ubiquitous and have been identified in a large variety of
animals including humans and are specific for their respective hosts. More than 200
types have been identified that infect humans with over 85 types well characterised.
One hundred and twenty isolates have been characterised as potential new genotypes
based on their DNA sequences (zur Hausen, 1999). HPVs infect the basal epithelial
layers of the skin or the mucosal surfaces and as such can be classified as either
cutaneous or mucosal. Cutaneous types are epitheliotrophic and commonly infect the
skin of the hands or feet, while mucosal types infect the lining of the mouth, throat,
respiratory tract or anogenital epithelium. HPV can be classified into high-risk and low-
risk types based on their association with cervical cancer. High-risk types include types
16, 18, 31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 70, while low-risk types
include types 6, 11, 42, 43, and 44 (de Villiers er al, 2004). High-risk types have
recently been implicated in cancers other than cervical cancer including prostate and

nose and throat cancers (Carozzi ef al, 2004; Syrjanen, 2005).



Figure 1.1. Electron micrograph of an HPV virion particle

1.2.2 HPV structure

HPVs are small non-enveloped double-stranded DNA viruses with an icosahedral
structure composed of 72 capsomers. Each capsomer is a pentamer of the major capsid
protein L1 (M, 53,000-59,000), (Baker et al, 1991), and each virion contains
approximately 12 copies of the minor capsid protein L2 (M, 70,000), (Sapp ef al, 1995).
Each virion is approximately 55 nm in diameter and they are said to somewhat resemble

a golf ball on using electron microscopy (Figure 1.1).

1.2.3 HPV genome

The HPV genome is approximately 7.9 kb in size and is organised into a single
molecule of circular double stranded DNA with its associated histones (Favre ef ai,
1975) (Figure 1.2). The genome is functionally divided into three major regions. The
first of these is the upstream regulatory region (URR). This is a highly-variable non-
coding region of 400 to 1000 bases containing the p97 core promoter and enhancer and
silencing sequences that are necessary for regulation of expression. The coding region
of the genome is divided into two major parts: the early region and the late region. The

early region contains genes El, E2, E4, E5 E6 and E7. The EI and E2 genes are



involved in viral replication and maintenance. E1 encodes a helicase which is involved
in the unwinding of the duplex DNA and in bringing the DNA polymerase to the origin
of replication where E1 complexes with E2 to initiate replication (Desaintes and
Demeret, 1996). E2 also acts as a transcriptional repressor of E6. The E4 protein
functions as a fusion protein with E1 later in the HPV life cycle. It is found localised in
the upper layers of the epithelium prior to release of viral particles from the epithelial
surface. In HPV16 transformed cell lines the E17E4 fusion protein has been associated
with disruption of the cytokeratin intermediate filament network, possibly to allow
virion particles exit the cell (Wang ef al, 2004). The ES gene product interacts with cell
membrane growth factors and is thought to play a role in the transformation process
(Straight er al, 1995). The E6 and E7 proteins are the major transforming proteins
(Herrington, 1994). The late region is expressed in later stages of the life cycle and
encodes the L1 and L2 structural proteins, which make up the viral capsid (Doorbar,

2005).
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Figure 1.2. Molecular organisation of 7.9 kb HPV genome. E represents the early

genes and L represents the late genes
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1.2.4 HPV life cycle

As HPVs are epitheliotrophic their life cycle is closely linked to squamous cell
differentiation (Bedell ef al, 1991). In the cervix initial infection occurs through small
abrasions in the tissue or during metaplasia of the transformation zone allowing the
virions to access the basal epithelial cells. Entry of HPV6 is thought to occur via the
cellular receptor alpha-6 integrin present on the surface of the basal epithelium
(Evander ef al, 1997). HPV16 and HPV33, like many other viruses attach to host cells
via cell surface heparan sulphate, possibly stabilised by another cell surface receptor or
proteoglycans (Giroglu er af, 2001). The viral genome remains at low copy numbers
replicating its DNA, on average once per cell cycle, in the basal epithelium until the
infected cell reaches the upper layers where vegetative replication occurs (Flores and
Lambert, 1997). Events culminating in the release of viral particles in the late phase are
not well understood but are thought to involve the differential-dependant regulation of
expression from the viral promoters (Ozbun and Meyers, 1998). The cytological effects
of this type of infection are koilocytosis, nuclear enlargement, multinucleation and/or
dyskaryosis. This type of infection manifests itself clinically as anogenital warts or as
low-grade lesions. Such lesions may regress, persist or progress to cancerous lesions.
Non-permissive transformable infections occur when viral replication and release of
progeny do not occur. Viral DNA can persist extra-chromosomally or by integration
into the host genome at fragile sites (Popescu and DiPaolo, 1989). The site of
integration into the host genome is not consistent but the breakpoint in the viral genome
often occurs within the E2 ORF and sometimes within the E1 gene. This causes loss of
function of these genes, in turn removing the transcriptional repression of E6/E7
causing upregulation. E6 and E7 gene products cause immortalisation of cells in vitro
and during prolonged passage of these cells further genetic changes occur which are

necessary for progression to the malignant state (Munger ef al, 1989; Solinas-Toldo ef
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al, 1997). Because of their small genome size, HPVs do not encode essential replication
proteins and so must subvert host regulatory factors such as cyclins and cyclin-
dependant kinases, cyclin inhibitors and cell cycle associated proteins, resulting in
altered cell cycle control. Cells that have left the cell cycle are restimulated and cells
containing damaged DNA are allowed to progress through the cell cycle resulting in the

accumulation of genetic abnormalities.

1.3 Epidemiology and pathogenesis of HPV infections

1.3.1 Clinical manifestations of HPV infections

The clinical outcome of a HPV infection is largely dependant on the infecting HPV type
involved. Sexually transmitted HPV infection leads to one of three possible results.

(i) The first is the benign condition of anogenital warts. These are generally associated
with types 6 and 11 and are found in both men and women. These are often
asymptomatic and may regress over a period of 3-4 months, increase in size and number
or remain the same. Anogenital warts can be treated by clinical procedures such as
ablation or excision or by the application of chemical agents such as 0.5% podophyllin
or 0.5% imiquimod.

(ii) The second result is latent or inactive infection. This type of infection is often
asymptomatic with the infected area remaining cytologically normal. It is estimated that
high-risk HPV16 or 18 is present in approximately 10% of women with cytologically
negative Pap smears (Arora ef al, 2005).

(iti) The third possible clinical outcome is active infection. This is associated with high-
risk HPV types and is the type of infection involved in the production of peniie,
urethral, bladder, prostate, vaginal, vulvar and cervical neoplasia. The risk of
progression of disease is greater for HPV types 16 and 18 than for other high-risk HPV

types (Khan ef af, 2005).
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1.3.2 Epidemiology of HPV infections

HPV is considered to be an ubiquitous presenting organism (Helmerhorst and Meijer,
2002) and estimates of the prevalence of the organism in the general population range
from 2% to 44% worldwide (Bosch and de Sanjose, 2003) depending on the age of the
population studied and on the diagnostic test used. A recent study conducted in
Scotland, found an overall HPV prevalence of 20.5% in women with a mean age of 36.6
years attending routine cervical cytological screening and a prevalence of 15.7% for
high-risk infection only (Cuscheiri et a/, 2004). The prevalence of HPV infections is
highest among young women and falls with age (Schiffman, 1992). Some studies have
reported a second peak in prevalence in women over the age of 35 (Herrero et al, 2000;
Giuliano ef al, 2005; Rassu et al, 2005). Possible reasons for this may be reactivation of
latent virus, inability to clear new infections or they may represent persistent infections.
Oncogenic HPV types are more common than non-oncogenic types (Giuliano ef al,
2002; Richardson ef al, 2003). A worldwide study by Munoz ef al/ (2003) on HPV
prevalence in nine countries found that HPV16 was the most commonly infecting type

followed by HPV18, 31, 45, 35, 58 and HPV6.

The prevalence of HPV is so high that the chances of a HPV infection are estimated at
80-85% over a lifetime (Jenkins ef al/, 1996). The cumulative incidence of HPV
infection among women aged 15-19 years in England was found to be 44% over a 3
year period increasing to 60% over 5 years (Woodman et @/, 2001). HPV infections may
be transmitted by direct skin-to-skin contact or by transmission via contaminated
fomites, as HPV virions are resistant to heat and desiccation. Vertical transmission has

also been reported (Rintala et af, 2005).
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1.3.3 HPV proteins and oncogenesis

Active viral replication is commonly seen in low-grade lesions and in the benign wart-
like lesions of the condition condylomata acuminata. During active replication the virus
remains episomal in basal nuclei and vegetative viral reproduction occurs only in the
squamous epithelium undergoing terminal differentiation. Low levels of expression of
viral mRNA are seen in the basal layers with increased levels of E6 and E7 mRNAs
being produced in the differentiated layers (Durst et al, 1992; Stoler et al, 1992).
Replication of the HPV genome begins with the interaction of host cell factors with the
upstream regulatory region (URR) of the HPV genome. Integration of the viral genome
into the host genome is seen in most invasive cancers and in high-grade lesions (Klaes
et al, 1999). Deregulation of critical cellular genes is thought to be as a result of
insertional mutagenesis, although HPV integration sites are randomly distributed over
the host genome (Wentzensen ef al, 2004). Integration of the HPV genome also results
in an interruption of the E2, frequently of the E1 and partial deletion of the E4, ES and
L1 and L2 genes. The E6 and E7 proteins subvert cell growth regulatory pathways. It
has been shown that disruption of intergenomic regulation leads to dysregulation of
viral E6/E7 transcription and increases the immortalisation capacity of high-risk viral
types. As the E6 and E7 gene products are produced, tumour suppressor proteins, cell
cyclins and cyclin-dependant kinases become deregulated (Southern and Herrington,
2000). Both E6 and E7 are needed for induction and maintenance of the transformed
phenotype, particularly by interference with apoptosis and cell cycle control. The
normal cell cycle is governed largely by two major proteins the tumour suppressor
protein p53 and the retinoblastoma gene product, pRB. The normal functions of p53
include governing of G1 arrest, apoptosis and DNA repair. The high-risk HPV E6
protein complexes via a cellular protein, E6-associating protein (E6-AP) and binds to

and targets p53 for rapid degradation by the ubiquitin-ligase mechanism (Thomas ef af,
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1999). Thus the normal functions of p53 are abrogated. Low-risk HPV types do not
bind p53 at detectable levels and have no effect on p53 stability in vitro. E6-mediated
interferences with p53 functions together with inactivation of pro-apoptotic protein Bak
to prevent cells from undergoing apoptosis, resulting in genetic instability and the

accumulation of genetic abnormalities (Thomas and Banks, 1999)

The HPV E7 gene product binds to the hypophosphorylated form of the RB family of
proteins including pRB, p107 and p130 (Dyson et al, 1989; Davies ef al, 1993) thereby
interfering with their control over the G1/S transition of the cell cycle. Preferential
binding of the E7 oncoprotein to pRB causes the release of E2F transcription factor, cell
cycle progression and the loss of regulation of E2F responsive genes (Chellappan ef af,
1992). Inactivation of pRB by E7 can be identified by a permanent upregulation of its
inhibitor p16™* As p16"* expression is regulated by a negative feedback loop,
continuous inactivation of pRB results in elevated levels of p16™* expression, as seen
in cervical intraepithelial neoplasia and cervical carcinomas (Klaes er af, 2001). The
outcome is cellular DNA synthesis and cell proliferation. The E7 protein from low risk
HPYV types binds with decreased affinity to pRB. High-risk E7 proteins also bind to
cellular proteins independent of the RB family. Increased levels of cyclin E and cyclin E
associated kinases are seen in E7 expressing cells, these are thought to phosphorylate
cyclin E regulated targets (Duronio ef al, 1996). The E7 protein binds cyclin A, but the
mechanisms involved are unknown (Arroyo ef al, 1993). The E7 protein also binds the
cyclin dependant kinase inhibitor proteins p21 and p27 (Demers et al, 1996; Zerfass-
Thome ef al, 1996). HPV E7 prevents p21 from inhibiting both proliferating cellular
nuclear antigen (PCNA)-dependant DNA replication and cyclin E/CDK2 activity (Funk

et al, 1997; Jones et al, 1997).
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The ES5 protein causes increased mitogen activated protein kinase (MAP-kinase)
activity (Crusius ef al, 2000), which enhances cellular response to growth and
stimulating factors. As a result of uncontrolled cellular proliferation the host cell
accumulates more and more damaged DNA that cannot be repaired. Eventually

mutations accumulate that lead to fully transformed cells.

1.4 Risk factors for the development of cervical cancer

1.4.1 Sexual behaviour and age

The most important risk factor for the acquisition of high-risk HPV infection is the
number of sexual partners (Deacon ef a/, 2000, Kjaer ef al, 2001). Condom usage may
not adequately protect an individual as HPV infections can be transmitted by contact

with infected labial, scrotal and anal tissues that are not protected.

Young age at first sexual intercourse is also an important factor in determining risk of
HPV infection (Burk er al 1996a; Adam er al, 2000). A large proportion of women and
men are infected by the age of 30 years (Kjaer et af, 2000). Most cervical cancers arise
at the squamocolumnar junction of the cervix. This is an area of high metaplastic
activity where the columnar epithelium of the endocervix meets the squamous
epithelium of the ectocervix. The greatest risk of HPV infection coincides with greatest
metaplastic change. Greatest metaplastic activity occurs at puberty and during
pregnancy in particular the first one, and declines after the menopause. HPV infections
are commonly seen in women between the ages of 18 and 30 and there is a sharp
decrease in the prevalence after 30 years of age. However, cervical cancer is most
commonly seen in the 35 plus age bracket suggesting persistent high risk HPV infection

at a young age with slow progression to cancer.
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1.4.2 HPV status and other sexually transmitted infections

The attributable fraction of high-risk HPV infection to cervical cancer is 95% (Bosch ef
al, 2001), however only 20% of high-risk HPV infections cause morphological changes
in the epithelium of the cervix indicative of premalignant lesions with a smaller fraction
still resulting in cervical cancer. Regression rates of mild and moderate dysplasia are
estimated at 50% over three years, whereas the regression rate of more severe
dyskaryosis with persistent high-risk HPV infection is much lower (Nobbenhuis ef o/,
2001). A variety of other factors must therefore act in conjunction with high risk HPV

infection to determine whether a woman will develop cervical cancer.

Sexually transmitted infections may act as cofactors in the development of cervical
cancer. CMV, herpes simplex virus (HSV)1 and 2, HHV6 and 7 have all been detected
in the cervix (Lanham ef a/, 2001). A role for HSV2 has been postulated in the initiation
of cervical cancer (zur Hausen, 1982) and putative transforming oncogenes have been
proposed for CMV and HHV6 (Kashanchi ef a/, 1997, Doniger et al, 1999). However, a
recent study has found that these viruses are only bystanders in the development of
cervical cancer (Chan ef af, 2001b). C trachomatis has also been proposed as a further
risk factor in the development of cervical cancer (Smith ef a/, 2004). Another important
factor in the development of cervical cancer is the emergence of HPV variants
exhibiting different virulence patterns. HPV viral load has also been linked to increased
risk for progression of disease. Studies using type specific quantitative PCR for
estimation of HPV load have found that HPV 16 can reach much higher viral loads than
other types and that only for HPV16 does an increased viral load correlate with

increased severity of disease (Swan ef al, 1999; Zerbini et al, 2001).
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1.4.3 Immune status

Host immune status is a principal determinant of persistent HPV infection (Bontkes ef
al, 1998b). The primary immune response to HPV infection is cell mediated. Conditions
which impair cell-mediated immunity, such as renal transplantation or human
immunodeficiency virus infection significantly increase the risk of progression of HPV
(Torrisi ef al, 2000; Calore ef al, 2001). Genetic predisposition was found to be an even
greater component of risk for tumour development in cervical cancer than in many other
cancers such as lung, colorectal and melanoma (Magnusson et a/, 2000). In the
development of cervical cancer, heritability could influence many factors such as
susceptibility to infection, ability to clear infection, persistence rates and the time in

staging of development of dyskaryosis and invasive cancer.

1.4.4 Oral contraceptive usage and smoking

Long-term use of oral contraceptives is considered a significant risk factor in the
development of high-grade disease (Moreno ef al, 2002), as is parity. The URR of the
HPYV genome contain sequences similar to the glucocorticoid-receptor elements that are
inducible by steroid hormones such as progesterone, the active component of oral
contraceptives (Bromberg-White and Meyers, 2003). Current smoking has been found
to be more associated with higher grades of dyskaryosis than lower grades and is the
most important cofactor after HPV infection in high-grade disease (Adam ez af, 2000).
Smoking may act by local suppression of the immune system or via the mutagenic
components of cigarette smoke. Components of cigarette smoke have been found in

genital mucosal secretions (Prokopczyk ef al, 1997).
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1.5 Detection of cervical neoplasia

1.5.1 Conventional cytology

The primary diagnostic tools for the detection of cervical cancer have been cytology and
histopathology to detect neoplastic alterations in the cervical epithelium. Lesions mainly
arise in the stratified squamous epithelium and are classified by the British as CIN
(cervical intraepithelial neoplasms), and by the USA as SIL (squamous intraepithelial
lesions), which may be high-grade (HSIL) or low-grade (LSIL). The natural history of
cervical cancer is a progression from mild cervical intraepithelial neoplasia (CINI) to
moderate and more severe degrees of neoplasia (CINII and CINIII), which may take 10-
15 years to develop. The risk of progression of CINI to CINII is only 1% per year,
while the risk of progression of CINII to CINII is 16% over 3 years and 25% over 5
years. However, it is agreed that early detection of neoplasia can significantly reduce

the risk of progression to cancer (Spitzer, 1998).

The Pap test has been the standard diagnostic test for pre-cancerous cervical lesions
since the 1940s, It was initially described by George Papanicolau in 1928 and was later
instituted as a screening method for the detection of cervical carcinoma (Wick, 2000).
The Pap smear has been credited with reducing the incidence of cervical cancer in the
USA from 44 per 100,000 women in 1947 to 5 to 8 per 100,000 in 2000 and it has
reduced the mortality rate of cervical cancer by more than 70% (Wick, 2000). However,
the reported estimates of false negatives diagnoses ranged from 1.5% to 55%
(Hutchinson ef al, 1994). Many false negative cases are the result of poor sample
transfer and poor quality slide preparation. Investigators have observed that as much as
80% of cellular material remains on the collecting device, which is discarded, after a
conventional smear is prepared (Malle ef @/, 2003). For the traditional Pap smear
method only a small proportion of the cells collected become deposited on the slide,
meaning this small sub sample is not necessarily representative of the whole sample.
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Moreover, the traditional smearing technique produces slides that vary in cellular

density and morphological quality, making interpretation and quality control difficult.

1.5.2 Introduction of liquid based cytology

In recent years there has been increasing pressure to improve the standard of Pap
preparations to reduce the occurrence of false negative results with their associated
morbidity and mortality for the women involved and the ensuing legal consequences for
health professionals. A number of smear preparation technologies both manual and
automated have been developed: ThinPrep (U.S.A. Food and Drug Administration
(FDA) approved; Cytyc Corp., Boxborough, Massachusetts, U.S.A)), AutoCyte PREP
(TriPath Imaging, Inc., Burlington, North Carolina, U.S.A.), DNACITOLIQ (Digene
Brazil, Sao Paulo, Brazil) and SurePath™ (TriPath Imaging®, Inc., Burlington, North
Carolina, U.S.A.). Of these the ThinPrep and AutoCyte PREP systems have been

evaluated most extensively.

1.5.3 Advantages of liquid based cytology

Unlike conventional cytology, where the cellular material is removed from the cervix
and spread onto a glass slide, in liquid-based cytology, it is rinsed into a vial of alcohol
derived liquid transport medium eg. PreservCyt (ThinPrep system) and sent to the
laboratory as a cell suspension. In the laboratory, the sample is homogenised, and a
representative fraction is collected on a single-use filter, transferred to a glass slide and
stained in the usual fashion. The result is a reduced area of evenly spread, well
preserved cellular morphology with reduced mucus, blood and inflammatory content.
Slides can be screened in about half the time of conventional smears increasing work

output per screener by 25-40% (Mc Googan, 2001). Only a proportion of the PreservCyt
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material is used to prepare the slide, facilitating the preparation of a second slide from

the same sample if required.

The effectiveness of thin-layer liquid-based technologies in cervical screening is
reflected in numerous reports of increased detection of significant cervical
abnormalities, reductions in the numbers of samples with indeterminate diagnosis such
as atypical squamous cells of undetermined significance (ASCUS) or atypical glandular
cells of undetermined significance (AGUS) and in improvements in specimen adequacy.
(Roberts ef al, 1997; Monsonego ef af, 2001; Malle ef al, 2003; Tibbs ef al, 2003). A
study by Roberts ef a/ (1997), which evaluated the ThinPrep Pap test as an adjunct to
the conventional Pap test on 35,560 paired split sample slides, found that the addition of
the ThinPrep Pap test improved detection rates of cervical abnormalities by 12% and
reduced the numbers of unsatisfactory samples by 94%. Using biopsy as the gold
standard in an unscreened high-risk population, it was found that the ThinPrep Pap test
had a sensitivity of 94% for CINII and a specificity of 78%, a sensitivity of 98% and

100% for CINIII and for cancer respectively (Belinson et af, 2001).

1.5.4 Molecular analysis of liquid based cytology specimens

A major advantage of liquid based cytology is that there is a considerable amount of
residual sample cellular material available from which nucleic acids can be extracted for
ancillary molecular analyses. Numerous studies have demonstrated the diagnostic value
of HPV testing as an adjunct to cytology in the detection of neoplasia (Sherman ef a/,
1997, Yarkin ef al, 2003) and in the resolution of atypical diagnoses (Layfield and
Qureshi, 2005). HPV DNA testing by PCR based methods in liquid-based cytological
preservatives has been suggested as a useful adjunct to cytological screening, especially

in the management of patients with ASCUS (Yarkin ef af, 2003).
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A study designed to assess the long-term stability of DNA in PreservCyt specimens
stored over 8 years found that HPV DNA as detected by the hybrid capture assay (HCII,
Digene Corp., U.S.A) was unaffected by storage time, however human DNA was
significantly degraded as detected by the inability to amplify multiple beta-globin
fragments by PCR (Castle ef al, 2003c). The FDA has approved the HCII assay for the
detection of high-risk HPV DNA in PreservCyt specimens stored for up to 21 days
(Sailors ef al, 2005). Studies into the preservation of RNA have shown that PreservCyt
can yield RNA of suitable quality for microarray analysis (Habis ef a/, 2004) and HPV
reverse transcription-PCR (Tarkowski ef a/, 2001) and that good quality RNA can be

detected for at least 14 days after sample collection (Cuschieri ef af, 2005).

Liquid-based cytology specimens may aiso be used for additional STI testing
(Boardman er al, 2005). PreservCyt samples have successfully been used for the
detection of genital HSV infections (Fiel-Gan et al, 1999). Many studies have
demonstrated the feasibility of Chlamydia screening of PreservCyt samples (Koumans
et al, 2003; Hopwood et al, 2004). In this research project, the aim was to establish
sensitive, specific molecular methods for the detection of C. #rachomatis and HPV in

cervical PreservCyt samples.

1.6 Molecular methods for HPV detection

1.6.1 Traditional detection methods

Unlike other mammalian viruses, HPV cannot be grown in conventional cell cultures.
Accurate diagnosis of a HPV infection relies upon identification of the presence of HPV
DNA. Serological assays fail to distinguish between past and current infection, as

antibodies to the HPV L1 protein remain detectable after many years (Diliner, 1999).
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HPV DNA can be detected in cervical smears and biopsies by various methods. Jn-sizu
hybridisation (ISH) involves the application of labelled generic HPV probes that bind to
HPV DNA. Although ISH has limited sensitivity it has the advantage of localising HPV
infection in the sample material with the possibility of co-localisation with other
markers e.g. the cyclin dependant kinase inhibitor p16™* a marker of dyskaryosis
(Sato ef al, 1998). HPV typing by ISH involves the application of type-specific probes

in multiple experiments and is time-consuming and expensive.

Other hybridisation methods include the Southern-blot and the dot-blot. HPV Southern-
blot analysis involves restriction enzyme digestion of isolated HPV DNA, separation of
the digested fragments by gel electrophoresis and immobilisation onto a nitrocellulose
membrane followed by probing of the restricted DNA by radio-labelled HPV specific
probes. Southern-blotting, although highly labour intensive, is useful for HPV typing
and played a fundamental historical role in the discovery and identification of different
HPV types (Matsukura and Sugase, 1990). However, a fundamental requirement for the
Southern-blot is the presence of high quality, high concentration DNA. Another
disadvantage is in the interpretation of uncharacterised HPV types. The Southern-blot is
relatively insensitive and unsuitable for high-throughput screening (Kuypers ef al, 1993;
Melchers ef al, 1989). The dot-blot method, like the Southern-blot method also involves
the use of a solid phase membrane and the detection of a signal by autoradiography.
Unlike the Southern-blot, the dot-blot does not rely on probing of digested fragments

but of PCR amplified fragments with the result of increased sensitivity.

1.6.2 Commercial hybridisation systems for HPV detection
The hybrid capture system (HCII, Digene Corp., U.S.A)) offers a non-radioactive

alternative hybridisation method for HPV detection. It involves the hybridisation of
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HPV DNA to labelled RNA probes in solution, followed by signal amplification and
detection (Bozzetti ef al, 2000, Lorincz, 1996). Two probe cocktails may be used, one
for 5 low-risk HPV types 6, 11, 42, 43, and 44 and the other for 13 high-risk types, 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68. This FDA approved test has been used
in numerous large-scale HPV screening studies (Castle e al, 2004; Cubie ef a/, 2005)
however, it cannot distinguish particular HPV types. 1t is less sensitive than PCR and
has a detection limit of approximately 5,000 HPV genome copies (Kucera ef a/, 2001).
Cross-reactivity with HPV types not included in the probe-cocktails has also been

reported by some studies (Castle ef al, 2002; Poljak ef al, 2002).

An alternative to the hybrid capture method is the recently developed Roche Molecular
Systems Amplicor HPV Multiwell Plate Assay. Uniike the hybrid capture method a
biotinylated PCR product of 170 bp is generated prior to the hybridisation step. The
biotinylated PCR product is denatured and captured onto a streptavidin coated multiwell
plate. The wells of the plate are then probed with high-risk HPV oligonucleotide probes
and hybrids are detected following a binding of conjugate reaction. Using this method,
13 high-risk types can be detected. The reported sensitivity of this reaction is similar to

that of the hybrid capture method (Monsonego ef af, 2005).

Reverse hybridisation methods involve the capture of multiple oligonucleotide probes
onto a solid phase and probing with a PCR product in the liquid phase. Hybridisation is
followed by a colorimetric detection stage. Reverse hybridisation methods have been
useful in the development of type-specific hybridisation methods as they allow the
simultaneous hybridisation of a PCR product to multiple oligo-probes. The most
commonly used reverse hybridisation assay is the line-probe assay (Li-Pa, Roche

Molecular Systems). This involves binding of a consensus HPV PCR product amplified
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from the L1 gene by the SPF10 primers (Kleter ef af, 1999), to type-specific HPV
probes immobilised onto a membrane strip. The PCR product is generated using
biotinylated primers, and is then captured by the type specific probe. Uncaptured
product is washed off and a signal is generated by the addition of a streptavidin
conjugate. The signal can be read visually. This method allows multiple type detection
in a single step and requires only a small amount of PCR product (Kleter et al, 1999,
Melchers ef al, 1999). Alternatives to the LiPa assay have been developed using
different primers targeted to the L1 gene e.g. the PGMY primers (Coutlee ef al, 2002),
and the GP5+/6+ primers (van den Brule ef al, 2002). The LiPa assay is currently
undergoing clinical evaluation (Kornegay et al, 2003; Tabrizi ef al, 2005) and has not

yet been used in large-scale screening studies.

1.6.3 Nucleic acid amplification tests (NAATs)

PCR is the most widely used HPV DNA amplification technique. PCR involves specific
targeting of a region of DNA of interest by oligonucleotide primers for amplification in
a thermocycling process by a thermostable DNA polymerase. There are two major
approaches to HPV detection by PCR: - consensus PCR for the identification of a wide

number of HPV types and type-specific PCR for the amplification of an exclusive HPV

type.

As the HPV L1 gene is the most conserved region of the PV genome multiple
consensus PCR primer sets have been designed to target this area (Husnjak ef al, 2000).
The most commonly used primer sets targeting the L1 region are the MY09/11 primer
set (Manos ef al, 1989) and the Gp5+/6+ primer set (de Roda Husman ef al, 1995). The
MY09/11 primers are degenerate primers with varied base substitutions at specific sites

of sequence variation called degenerate sites. The degenerate primer set is comprised a
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mixture of 24 oligonucleotide sequences with the ability to amplify over 30 genital HPV
(Bernard ef al, 1994). Since then various modifications have been made to the original
MYO09/11 primer set including the addition of another primer HMBO1 for
amplpification of HPV type 51 (Hildesheim ef a/, 1994). A further modification has
been the creation of inosine modified pools of oligonucleotides comprising a set of 5
upstream oligonucleotides PGMY11 and a set of 13 downstream oligonucleotides,
PGMYO09 (Gravitt ef al, 2000), with the added advantage of improved quality control in
production of primer stocks over the original MY09/11. The GP5+/6+ primers were
developed from the original general primers GP5/6 by the elongation of the primer
sequences at their 3° end to reduce background amplification and to improve specificity
and sensitivity (de Roda Husman ef a/, 1995). The GP5+/6+ primers amplify a 150 bp
region within the 450 bp MY09/11 product. The GP5+/6+ primers are designed to fully
complement only a few HPV genotypes. To compensate for this annealing is performed
at a slightly lower temperaturc to allow less stringent binding of the primer at
mismatched sites. Other less widely used primers sets targeting the L1 gene include the
SPF10 (Kleter ef a/, 1998) and the LIC1/2 primer sets (Yoshikawa ef al, 1991). Much
debate has been generated over the choice of primers. In general the efficiency of a PCR
decreases with increase in amplimer size. However, this is only a limiting factor where
the quality of template DNA is in question, thus choice of DNA extraction procedure
should be considered alongside choice of primer set (Keegan ef af, 2005a). In addition
to primer selection, debate exists over the combined use of multiple primer sets.
Husnjak et al (2000), compared the performance of 5 different primer sets and found
that the MY09/11 and LIC1/2 primer sets demonstrated equal sensitivity for HPV
detection when used separately but increased sensitivity when used sequentially

(Husnjak ef a/, 2000). Similarly, improved sensitivity of HPV detection was seen when
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MY09/11 and GP5+/6+ primers were used in a nested PCR format (Husjnak et a/, 2000;

Strauss ef al, 2000).

A further consideration to be taken into account when choosing primers for HPV
amplification is that on integration of some HPVs into the host sequences, the L1 gene
and E1 genes may be deleted (Matsukura T er af, 1989; Wagatsuma ef al, 1990).
Integration often disrupts the integrity of the E1 and E2 genes. However, the E6 and E7
genes, which are retained in all tumours, are too variable in sequence for the design of
general primer sets. The CPI/II primers (Tieben ef a/, 1993) directed to the E1 gene are
less sensitive than either the MY09/11 or GP5+/6+ primers when used separately
(Karlsen e al, 1996). However, the sensitivity of detection of HPV by a combination of
the three primer sets is greater than detection by separate type specific PCRs for types

11, t6, 18, 31, 33 and 35 (Karlsen ef al, 1996).

A recent development in the area of HPV primer design, has been the design of
multiplex nested PCR assay for the detection of 15 high-risk HPV types by
amplification of sequences in the early region of the genome so as to ensure the
amplification of integrated virus in the absence of episomal forms (Brestovac ef al,
2005a). A further advantage of this assay is the ability to genotype infecting HPVs

based on the difference in size of the amplified fragments (Brestovac ef al, 2005a).

Type-specific PCR using primers designed to amplify an exclusive HPV type may also
be performed (Depuydt ef al, 2003; Kraus ef al, 2004). Primers are commonly designed
to amplify in the highly variable E6-E7 region, however successive rounds of
amplification must be performed with each primer set separately making it labour

intensive and expensive. A newer approach to typing by PCR had been the development
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of a nested multiplex PCR (NMPCR) directed to the E6 gene. The NMPCR method has
shown similar sensitivity to the MY09/11 and GP5+/6+ with the ability to detect

multiple infections (Sotlar ef al, 2004).

A novel method for HPV detection and typing was developed by Szuhai er a/ (2001)
involving detection by the CPI/II primers in a SYBR Green™ detection assay followed
by typing using type-specific molecular beacons. Other groups have developed real-
time quantitative assays applicable to PreservCyt samples for a limited number of types
in a multiplex format (Tucker ef af, 2001). Detection, typing and quantitation are
possible using scorpion probe technology (Hart ef a/, 2001). Real-time PCR has also
been used to estimate the physical status of HPV by comparison of E2 and E6 gene
copy numbers (Nagao ef al, 2002; Peitsaro er al, 2002). Numerous studies have
involved the use of Taq-Man® technology in HPV quantitation (Swan ef a/, 1999; van
Duin er al, 2002; Gravitt er al, 2003b). Real-time methods based on reverse-
transcription PCR have been developed to estimate the levels of E6 and E7 expression

(Lamarcq ef al, 2002, Wang-Johanning ef al, 2002).

While numerous in-house PCR methods have been developed for the amplification and
or typing and quantitation of HPV, none of these have received FDA approval and lack
external quality assessment making interlaboratory comparisons and large-scale
evaluation difficult. Currently there is one commercially available HPV RNA

transcription assay the PreTect HPV Proofer (Norchip, Norway).

1.6.4 HPV testing in cervical screening
The realisation that HPV is a cause of cervical cancer worldwide has led to much debate

on the incorporation of HPV testing into cervical screening programmes. Three main
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strategies have been proposed. The first is that HPV testing be used either as a stand
alone test or as an adjunct to cytology in primary screening, the second is that HPV
testing be used in the management and triage of women with LSIL or mild epithelial
abnormalities and the third is that HPV testing be used as a test of cure after treatment

of high-grade disease.

HPV testing alone

The sensitivity of HPV testing in the identification of high-grade neoplasia cases is very
high and greater than that of cytology in the identification of true disease (Cuzick er a/,
1999b; Schneider ef al, 2000). However the specificity of a single HPV test is lower
than that of cytology (Schneider ef a/, 2000; Clavel ef af, 2001; Lee ef al, 2004). This is
because the vast majority of HPV infections are permissive and clear without any
deleterious effects (Ho ef al, 1998). This is particularly true in the case of young
sexually active women who show the highest rates of prevalence with a peak in
incidence during their early twenties (Burk ef al, 1996b). It has been reported that 70%-
90% of infections in young women clear within 12-24 months (Moscicki, 2003). HPV
testing alone, would therefore, only be useful in the over 30 years age group. One of the
objectives of this research project was to stratify the incidence of HPV infections

according to age, in Irish women attending routine cervical screening.

HPYV and cytology combined testing

The major cost involved in running cervical cancer screening programmes is in the
taking and processing of the sample. As the development of cervical cancer is staged
over a number of years, the average woman will undergo a number of screening rounds
in her lifetime. Any attempt to improve the cost-effectiveness of screening should aim

to increase the safe-limit of screening intervals. With this in mind numerous studies
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have looked at performing the more sensitive HPV testing as an adjunct to the more

specific cytology.

A recent Dutch study by Van den Akker-van Marie ef a/ (2003), found that HPV testing
could be used to decrease the screening interval from 5 years to 7-10 year intervals. In a
recent French study by Clavel er af (2004), which followed 4,400 women for 12-72
months it was found that a double negative cytology and HPV test result had a negative
predictive value of 99.9% for cervical neoplasia which increased to 100% if a follow up

HPYV test 2 years later was also negative (Clavel ef al, 2004).

In the UK, the HART (HPV in Addition to Routine Testing), study which involved
HPYV testing and conventional cytological screening of 11,000 women aged 30-60 years
with randomisation to repeat HPV, repeat cytology and colposcopy at 12 months, or
immediate colposcopy, concluded that HPV testing could be used for primary screening

of women over 30 years of age using cytology as a triage (Cuzick ef a/, 2003).

In the U.S.A. the high negative predictive value of a HPV test has led to the FDA
approval for HPV DNA testing in women over 30 in combination with cytology for
primary screening with a 2-3 year recall period for double negative women (Wright et
al, 2004). Other studies have shown that HPV DNA testing could be used to reduce the
age of exit from screening programmes from the currently recommended 65-75 years to

50 years (Cruickshank ef al, 2002, Baay et al, 2004).

HPV testing in the management of women with LSIL or borderline abnormalities.
Existing management of patients with low-grade disease or repeat borderline

abnormalities is either immediate colposcopy, or follow-up smears with colposcopy.
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This contributes greatly to the workload of any screening programme, particularly
considering that the majority of low-grade lesions will regress over time. It is estimated
however that 10-15% of low-grade lesions contain high-grade abnormalities that may
put the patient at risk in the absence of close follow-up (Kinney er al, 1998). It has been
argued that due to its high positive predictive value in detecting high-grade disease
outcome, HPV testing could be an effective triage of these cases. An investigation was
conducted by the National Cancer Institute of America to compare three management
strategies for women with LSIL or ASCUS diagnoses, namely HPV triage with referral
if positive, immediate colposcopy or repeat cytology with referral to colposcopy if
HSIL or worse was detected. The results of this ASCUS-LSIL Triage Study (ALTS)
indicated that HPV testing was effective in the case of AGUS and ASCUS diagnosis
(ALTS Group, 2003b) but not for LSIL as the HPV positivity rate was greater than 80%

(ALTS Group, 2003a).

HPYV as a test of cure following treatment of high-grade disease

Due to the very low incidence of HPV negative CINII or III cases, HPV testing has
been proposed to detect women treated for CINII or IIl who have residual disease.
Treatment failure of 10% has been reported and most commonly occurs in the first 2
years (Baldauf ef al, 1998). A study performed by Zielinski e/ af (2003), where women
were tested by cytology at 3, 6, 12 and 24 months post treatment and HPV at 3 months
and thereafter if positive, found that those who tested double negative were at no more
increased risk of development of CIN as women who tested negative in routine

screening.
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1.6.5 HPV and cervical cancer screening in Ireland

In Ireland, deaths from cancer account for 23.4% of all deaths. Of these, cancer related
deaths, 2.1% are from cancer of the cervix (Comber and Gavin, 2005). The lifetime risk
of cervical cancer in Irish women is estimated at 1 in 80 (Irish Cervical Screening
Programme (ICSP), 2005). In 1997, a ministerial decision announced that a National
Cervical Screening Programme would commence in the Mid-Western Health Board
(MWHB). In October 2000, the ICSP was established with the main aim to develop a
national strategy to tackle cervical screening through the development of an organised
screening approach. The main focus of the cervical screening programme is the
development of a secure national registry containing the contact details and test results
of women eligible for cervical screening. At present the ICSP is operational in the mid-
western health board region only. Free cervical screening is offered to women between
the ages of 25 and 60 years with a screening interval of 5 years and women are invited
to attend for screening by mail. For the rest of the country, screening is opportunistic,
and takes place among those attending general practitioners, postnatal examinations,
sexually transmitted disease and family planning clinics and by self-referral. It is well
known that cervical cancer is linked to HPV infection and at present there is no routine
HPV testing performed, although a commercial service has recently become available in

Dublin. Features of HPV infection are routinely reported in cervical smear test results.

1.7 Chlamydia trachomatis biology

1.7.1 Classification

Chlamydiae are small, Gram-negative intracellular eubacteria. Due to their unique
developmental cycle, chlamydiae are recognised as their own order Chlamydiales. The

word “chlamys” is Greek for “cloak draped around the shoulder”. This describes how
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intracytoplasmic inclusions containing the organism are draped around the infected cell

nucleus, (Figure 1.3).

Figure 1.3. Electron micrograph of C. trachomatis elementary body (EB) contained

within a membraneous vacuole (M)

This order consists of one family Chlamydiaceae, and two genera Chlamydia and
Chilamydophila with nine characterised species (Everett, 2000). The species
trachomatis is further divided into two biovars: the first of these is the trachoma biovar
consisting of serotypes A, B, Ba, C-K with serotypes A-C commonly causing trachoma
and serotypes D-K causing genital infections (Everett, 2000). The second of these is the
lymphogranuloma venereum biovar with serotypes L1-L.3 (Schachter and Meyer, 1969).
The classification of C. frachomatis into serotypes was originally done using the mouse
toxicity prevention test (MTPT) (Wang and Grayston, 1963) and later using the
microimmunofluorescence (MIF) test (Wang and Grayston, 1970). Modernly,
genotyping based on differences in the sequences of the variable regions of the major
outer membrane proteins is used for type identification (Millman ef al, 2004; Osterlund

et al, 2005).
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1.7.2 C. trachomatis structure

C. trachomatis has a unique biphasic life cycle in which there are two morphologcially
and functionally distinct cell types: the infectious elementary body (EB) and the
reproductive reticulate body (RB). The EBs are ~ 0.3um in diameter and are adapted to
extracellular survival, whereas the RBs are ~ 1um in diameter, exist intracellularly and
are metabolically active (Hammerschiag, 2002). A cell envelope similar to the Gram-
negative cell envelope structure surrounds both cell types. The envelope consists of two
trilaminar membranes, an outer and an inner membrane, however there is no
peptidoglycan in the periplasmic space (Yen e/ a/, 2005), a factor that contributes to the
integrity of other Gram-negative envelope systems. This was shown by the inability to
detect muramic acid by anti-muramic acid antibodies (Hatch, 1996). The outer
membrane of Chlamydia contains a major outer membrane protein (MOMP) with a
molecular weight of ~ 40 kDa. MOMP accounts for approximately 60% of the dry
weight of the outer membrane of the EB and is the most antigenic protein of C.
trachomatis (Gomes et al, 2004). It is analogous to porin proteins found in other
Gram-negatives. Disulphide bridging is responsible for crosslinking of the MOMP
maintaining the integrity of the cell structure (Hatch, 1996). The MOMP 18
predominantly in a monomeric form in the RB, however, it forms multimonomeric
complexes in EBs and is responsible for resistance to mechanical and osmotic stress
(Raulston, 1995.) Cysteine-rich proteins in the outer membrane may be the functional
equivalent to peptidoglycan, potentially forming disulfide-linked complexes with other
membrane proteins (Yen ef a/, 2005). Chlamydial specific lipopolysaccharide (LPS) is
present on the outer membrane of the organism at all stages in the developmental cycle.
In superinfected cells LPS has been isolated from the host cell membrane. The
incorporation of LPS into the membrane would reduce membrane fluidity and make the

infected host less susceptible to cytotoxic T-cell attack (Raulston, 1995).
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Chlamydiae possess unique hemispheric surface projections that are specialisations of
the plasma membrane (Gregory er al/, 1979). These protrusions are clustered
hexagonally. They range from 45-90 nm in length and consist of a helical arrangement
of subunits of average diameter 6 nm. The EB contains ~ 18-22 of these projections in
an ordered array, while in the RB these structures are much less ordered, are often found
in close contact with the inclusion membrane and may serve in the acquisition of
nutrients from the host cytoplasm (Raulston, 1995). These projections may also act in
conjunction with the MOMP and cysteine-rich proteins in promoting attachment and

entry to the host cell.

1.7.3 C. trachomatis genome

The chlamydial chromosome consists of 1,045 kb divided into 894 open reading frames
between 135 and 5,358 nucleotides long with a median length of 867 nucleotides and
arranged as double stranded circular DNA (Brunelle ef af, 2004). The acquisition of
exogenous DNA is thought to have played a limited role in the evolution of the species
since adaptation to the intracellular environment over a billion years ago (Stephens,
2002). This lack of genetic transformation systems has made the study of their
molecular biology difficult in the past, however genome sequencing has greatly

advanced existing knowledge on the biology of these organisms (Vandahl ef 2004).

Sequencing of various strains of C. trachomatis has revealed a high level of genomic
conservation and synteny, suggesting that minor differences account for the wide-
ranging tissue tropisms and virulence levels (Carlson e al, 2004). These differences
have been localised to a polymorphic region of the genome termed the plasticity zone.

Common polymorphisms include mutations in the tryptophan synthase operon, which
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allow genital strains to persist among mixed microbial infections and in the cytotoxin

locus, which confer increased virulence (Carlson et a/, 2004).

A 7.5 kb cryptic plasmid is a common and perhaps essential component of the C.
trachomatis genome. DNA sequences homologous to the C. frachomatis plasmid are
not found in eukaryotic DNA nor in other chlamydial species, thus the origin of this
plasmid is unknown (Palmer and Falkow, 1986). The C. trachomatis plasmid is present
at 6-10 copies per organism. The plasmid is temporally expressed during growth in
eukaryotic cells. Plasmid specific RNA molecules are detected from 24-48 h post
infection, thus it does not function in the early stages of the life cycle. Instead the
synthesis of plasmid RNA correlates to the growth of reticulate bodies and their
differentiation into elementary bodies (EBs) (Palmer and Falkow, 1986). The omp!
gene, which codes for the major outer membrane protein (MOMP) consists of five
constant and four variable regions. The variable regions form the basis for genotyping
by sequencing of the omp! gene. Variable sequence regions I, I, and IV are surface

exposed and are involved in specific antibody interactions.

1.7.4 C. trachomatis life cycle

Infection of host cells is initiated by the attachment of EBs to host cells. As is the case
for many bacteria, it is likely that multiple mechanisms of attachment exist. A heparin
sulphate ligand on the surface of the host cell has been suggested to be involved in a
trimolecular interaction with both host cell and chlamydial receptors (Raulston, 1995).
Other experiments implicate proteinaceous components in the attachment process as

infectivity of EBs is adversely affected by an increase in temperature (Raulston, 1995),

Once attached, the EB enters the cell by receptor-mediated endocytosis involving both
microfilament and clathrin-dependant mechanisms with associated tyrosine kinase

36



activation in a cascade of cytoskeletal rearrangements modulated at certain stages by
intracellular calcium (Raulston, 1995). After attachment and ingestion the EB enters the
cell contained in an enlarged endocytic vacuole called an inclusion body. In C.
trachomatis infected cells these inclusions eventually fuse to form one inclusion body
per cell whereas those containing C. psiftacci develop independently resulting in

multiple inclusion bodies per cell.

Once the EB has entered the cell it reorganises itself into the RB. The RB is the
metabolically active replicating form. It divides by binary fission with a doubling time
of ~2 h, entarging the endosome while genus specific antigen becomes associated with
the host cell surface (Raulston, 1995). EBs, RBs and intermediate forms may be found
in the same inclusion (Gupta ef al, 1979). After approximately 24 h the DNA condenses
within the RBs to form infectious EBs. MOMPs are crosslinked by disulphide bonding.
The infectious EBs are released 48 h after initial infection by exocytosis. The sequelae
of genital chlamydial infection often involve a persistent form of the organism. In
persistent infection RB-like forms remain in an aberrant metabolic and mechanical state

in cytoplasmic inclusions (Gerard ef al, 2002).
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Figure 1.4. Bi-phasic lifecycle of C. trachomatis. Adapted from DeMets, 2005

1.8 C. trachomatis epidemiology and pathogenesis

1.8.1 Clinical manifestations of C. trachomatis infections

Chlamydial species cause a wide range of infections in humans. Respiratory infection
with Chlamydophila pneumoniae occurs in the majority of people over the course of
their lifetime (Wang and Grayston, 1990). C. pneumoniae causes an average of 10% of
community-acquired pneumonia cases and 5% of all sinusitis and bronchitis cases (Kuo
et al, 1993). C. pneumoniae DNA has also been detected in atherosclerotic lesions
(Kravenbuehl ef al, 2005) with over 50% of lesions examined positive by nucleic acid
amplification techniques (Danesh ef al, 1997). Avian strains of Chlamydophila psittaci
are a well-known cause of psittacosis in humans (Saito et al, 2005). Recently, it has
been suggested that persistent Chlamydia infections are associated with the
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development of schizophrenia and other mental disorders (Fellerhoff ef al, 2005)

including Alzheimer’s disease (Itzhaki et al, 2004).

C. frachomatis species cause a wide spectrum of human disease depending on the
serotype involved. Serotypes A-C cause conjunctivitis particularly following vertical
transmission through the birth canal. Persistent infections with these serotypes are a
major cause of trachoma and blindness in developing countries worldwide. The World
Health Organisation (WHO) estimates that 146 million people have trachoma due to
ocular C. frachomatis infections and that 4.9 million of these are totally blind (Whitcher

ef al, 2001).

Serotypes L1-3 are sexually transmitted and cause the systemic disease
Lymphogranuloma Venereum which is characterised by inflammation and drainage of
the inguinal and lower abdominal lymph nodes and destruction and scarring of the
surrounding tissue (Mabey and Peeling, 2002). Serotypes D-K are the main genital
types. These commonly cause infections in both men and women with more serious
consequences for women. In men, C. rachomatis infections cause a range of symptoms
such as urethritis, epididymitis, proctitis, uveitis and the pathogen has also been
implicated in Reiter’s Syndrome, an inflammatory disease that can affect multiple sites

in the body.

In women, C. frachomatis is a common cause of urethritits (Stamm et af, 1980) and
cervicitis (Brunham et al, 1984). The symptoms of chlamydial cervicitis include
endocervical mucopus, erythema, oedema and induced mucosal bleeding (Brunham ef
al, 1984). In women, most cases of chlamydial cervicitis are asymptomatic showing no

specific clinical signs. Approximately half of all C. frachomatis infected women have
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the organism present at both the cervix and the urethra, one third at the cervix only and
15%-25% at the urethra only (Paavonen and Eggert-Kruse, 1999). Histopathological
findings associated with chlamydial cervicitis include plasma cell infiltrations of the
cervical stroma, intraepithelial and intraluminal inflammation and well-formed
lymphoid follicles comprising transformed lymphocytes (Paavonen and Eggert-Kruse,
1999). While the majority of chlamydial cervicitis cases are subacute, persistent chronic
genital C. trachomatis infections can have serious consequences for the reproductive
health of the women. Complications associated with ascending intraluminal spread of
the organisms include pelvic inflammatory disease (PID), infertility, ectopic pregnancy,

premature rupturing of the membranes, chorioamnionitis and preterm delivery.

PID refers to infection of the uterus fallopian tubes and adjacent pelvic structures that is
not associated with surgery or surgical procedures (McCormack ef af, 1979). An
increasing proportion of cases of PID are atypical or silent (Paavonen, 1985). The
clinical spectrum of PID ranges from subclinical endometritis to overt salpingitis, tubo-
ovarian abscess, peritonitis, periappendicitis and perihepatitis. Chlamydial PID is the
most important preventable cause of infertility and adverse pregnancy outcome. After a
single episode of PID the relative risk of tubal infertility is 10% with each incident
doubling the risk (Westrom, 1994). The link between past chlamydial infection and
tubal infertility was first proposed in 1979 (Punnonen ef al, 1979). Worldwide, huge
amounts of money are spent on in vitro fertilisation (IVF) as a result of post-PID tubal
infertility. Women with a history of PID are 7-10 times more likely to have ectopic
pregnancies compared with women with no history of PID (Westrom et a/, 1998).
Ectopic pregnancy is the main cause of maternal death in the first trimester of
pregnancy in developing countries and accounts for 9% of all pregnancy related deaths

in the U.S.A.
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1.8.2 Epidemiology of C. trachomatis infections

C. trachomatis infection is the most common bacterial sexually transmitted disease
worldwide, with an estimated 89 million cases occurring worldwide (WHO, 1995). It is
estimated that 4 million new cases of the disease occur in the US alone each year with
an annual cost of 2.4 billion dollars. C. frachomatis infections increase the risk of
transmission of the HIV virus, thus treatment and prevention of these infections would
influence the spread of HIV, particularly in high risk groups. The major risk factors
associated with C. frachomatis infections are young age, number of sexual partners, a
new sexual partner, lack of use of barrier contraceptive devices, and a history of other
STIs. Although the major disease burden of C. frachomatis infections is born by
women, men and children can also be infected. Up to 80% of infected women and 50%
of infected men are asymptomatic resulting in a large reservoir of unrecognised infected
individuals capable of transmitting the disease to others. Immunity to the organism is
type specific therefore recurrent infections are common. The prevalence of C.
frachomatis in sexually active young women can range from 10%-40% depending on
the setting and population studied and is found to decrease with increasing age (van den
Hoek ef al, 1999). A recent pilot study of opportunistic screening in England found that
the prevalence among 16-24 year old women in Portsmouth and Wirral was 9.8% and
11.2% respectively (La Montagne ef al, 2005) with the highest burden of infection seen
in the <20 years age bracket (Pimenta ef a/, 2003). The Biomed Concerted Action
Group conducted a systematic review of prevalence studies of C. frachomatis in
asymptomatic women in Europe in 2002. The prevalence of C. trachomatis ranged from
1.7% to 17% depending on the setting context and country {Wilson ef a/, 2002). Genital
serotypes D-K are the main infecting serotypes globally while infection with the
trachoma and LGV serotypes are more commonly found in developing countries.

Infection with LGV is most commonly found in Africa, Southeast Asia, Central and
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South American and Caribbean countries (Mabey and Peeling, 2002). However, in
recent years there has been an increase in prevalence in industrialised countries in

particular in male homosexuals (Spaargaren ef a/, 2005; Niewenhuis ef a/, 2004).

C. frachomatis infection is one of the 11 notifiable sexually transmitted infections in
Ireland (Health Protection Surveillance Centre (HPSC), 2005). Since 1995 there has
been an increasing number of cases reported each year reaching 1,649 in 2001. Notified
cases increased by 573.1% during these years. Between 2003 and 2004 the numbers of
reported C. trachomatis cases rose by 24.1% increasing from 2,258 to 2,803 during
these years (HPSC, 2005). This increase in C. trachomatis prevalence is thought to be
associated with an increase in unsafe sexual behaviour although the rise in numbers of
cases may reflect increased testing rates and the greater use of nucleic acid based
detection systems (HPSC, 2005). One of the aims of this research project was to
establish the prevalence of C. frachomatis in the Irish female urban population,
attending their general practitioner (GP) for routine cervical screening, as currently
there are no figures available for C. trachomatis prevalence in the general female

population.

1.8.3 Immunopathogenesis of C. trachomatis infections

The understanding of the immunopathological pathways involved in C. frachomatis
infection and reproductive sequelae remains incomplete. Studies in macaques have
shown that single episodes of C. frachomatis infection are usually resolved but repeated
infections eventually produce tubal scarring. These and other findings, suggest that
acquired immune responses are important in the pathology of C. trachomatis infections

(Patton et af, 1997).
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C. trachomatis stimulates both humoral and cell-mediated immune responses. The
outcome of an infection depends on the balance of cytokines secreted by activated
lymphocytes. Interferon y a product of T-helper (Thl) cells is considered the single
most important factor in the defence against chlamydial infection, while susceptibility
has been associated with enhanced expression of IL-10, a marker of T helper (Th2) cell

activation (Beatty et a/, 1993).

One current hypothesis is that the chronic sequelae of C. frackomatis infection are
caused by a delayed hypersensitivity reaction to an increase in expression of the
chlamydial heat-shock protein (Hsp60), (Hogan et al, 2004). The increase in expression
of the Asp genes facilitates immune evasion and allows the bacterium to persist in
otherwise uninhabitable environments. As chlamydial growth becomes inhibited by
acquired immune responses autoimmunity may sustain inflammation and tissue damage
(Cohen and Brunham, 1999). Numerous studies have established the link between
antibodies to chlamydial Hsps and adverse outcome of infection (Cortinas ef a/, 2004

Karinen ef af, 2004; Di Felice ef al, 2005).

Significant evidence exists for the role of host immunogenetic determinants in the
outcome of C. trachomatis infections, specifically the role of human leukocyte antigen
(HLA) genotypes in the manifestation of adverse consequences. (Holland er a/, 1996;

Geisler ef al, 2004; Ness ef al, 2004).

What determines the immunopathological outcome of an infection depends on a number
of factors including HLA determinants and cytokine profile. Predicting those who may
develop serious disease may contribute to the overall management of infected women at

early stages and assist in prevention.
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1.8.4 C. trachomatis and the link with cervical cancer

Over the last decade, many investigations have been conducted into the role that
sexually transmitted infections other than HPV may have in the development of cervical
cancer. Numerous longitudinal studies with cervical cancer as an end-point have
identified an association with C. trachomatis and increased risk for the development of
cervical cancer (Hakama ef al, 1993; Koskela et al, 2000; Anttila ef af, 2001; Wallin ez
al, 2002). Cross-sectional case-control studies identifying C. frachomatis as a possible
co-factor in cervical cancer development were conducted as far back as 1975 {Schachter

et al, 1975).

In 2004, the IARC, Lyon, France, conducted a large multi-centre hospital-based case-
control study to determine whether C. trachomatis is consistently associated with an
increased risk of invasive cervical carcinoma. The study comprised 1,238 cases of
invasive cervical carcinoma (ICC) and 1,100 control women from 7 countries. C,
trachomatis serum antibody was detected by means of the MIF assay. After adjustment
for age, oral contraceptive usage, centre, history of Pap smears, number of full-term
pregnancies and HSV2 positivity, the risk of squamous cell carcinoma was elevated in
C. trachomatis seropositive women. The contributory factor of seropositivity to risk of
development of ICC increased with increasing C. trachomatis antibody titres and was
higher in women under 55 years of age. Moreover, an association of C. frachomatis was

found in all cases and controls regardless of HPV infection status (Smith ef a/, 2004).

When the relationship of specific genotypes of C. trachomatis to the development of
cervical squamous cell carcinoma was investigated, it was found that type G was most
strongly associated followed by serotypes I and D and that the presence of multiple

types conferred increased risk (Anttila ef e/, 2001). Other studies have postulated that C.
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trachomatis infection may simply be an indicator of sexual activity and hence a

surrogate marker of oncogenic HPV infection (Lanham e/ a/, 2001).

The molecular mechanisms for the association of C. frachomatis and cervical cancer
have not yet been fully elucidated. However, a number of suggestions have been
proposed, most founded on the induction and maintenance of chronic inflammation at
the cervix by C. trachomatis during persistent infection. The mechanism of epithelial
cell proliferation is thought to be different to that of HPV. Upon macrophage
recognition of chlamydial antigen, inflammatory cytokines; tumour necrosis factor
alpha (TNF-g) and interleuken (IL)-1a are produced causing neighbouring fibroblasts to
release IL-6, which causes upregulation of tumour growth factor alpha (TGF-a) and
amfiregulin. The release of these stimulatory cytokines causes proliferation of
keratocytes (Fischer, 2002). It was found that infection with C. frachomatis caused a
simultaneous increase in the expression of TGF-a and in the expression of epithelial
growth factor receptor (Fischer, 2002). In this same study it was found that C.

frachomatis infection causes an increase in expression of HPV16 in CINI cases.

C. trachomatis induced proliferation may act synergistically with HPV in the promotion
of dysplasia in the cervix. This notion of C. frachomatis as a cofactor in carcinogenesis
may be corroborated by a study by Woodworth er al (1995), which demonstrated an
association between upregulation of IL-1 and TNF-o production and increased
proliferation of HPV16 and 18, albeit in HPV immortalised cell lines (Woodworth er al,
1995). In this way C. trachomatis may act as a cofactor to HPV infection by conferring

a selective growth advantage on cells previously immortalised by HPV.
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C. trachomatis may also be an independant cofactor in cervical carcinogenesis, mainly
through the induction of an anti-apoptotic environment at the cervix. During chronic C.
trachomalis infection upregulation of Asp60 is necessary to maintain persistence. It has
been hypothesised that the accumulation of exogenous Hsp60 in the cytoplasm of
actively replicating eukaryotic cells may cause aberrant regulation of the apoptotic
pathway (Di Felice ef al, 2005). More specifically antibodies to Hsp60-1 (one of the
three isotypes of chlamydial Hsp60) have been associated with increased risk of
development of cervical cancer (Paavonen ef a/, 2003). Recently C. frachomatis 1.2
strain was demonstrated to cause proteolytic degradation of Bmf, Noxa and tBid,
members of the proapoptotic Bel-2 protein family (Ying ef a/, 2005). A recent cDNA
microarray experiment on C. frachomatis infected and uninfected non-replicating cell
lines found a 2-fold decrease in expression of the tumour suppressor gene caveolin-1
and an increase in expression of the oncogene c-myc, a promoter of cervical
carcinogenesis (Schlott et al, 2005). Further ¢cDNA microarray experiments would
prove useful in the elucidation of possible mechanisms by which C. frachomatis may

contribute to neoplastic changes in the transformation zone of the uterine cervix.

1.9 Clinical diagnosis of C. frachomatis infection

1.9.1 Traditional methods

For many years, the “gold-standard” for detection of C. frachomatis was cell culture.
Cell culture has, in the past, been the reference method for assessing new diagnostic
techniques due to its high specificity. Recently the CDC declared that a sample should
be considered positive if two or more nucleic acid amplification tests are positive.
While highly specific, culture is relatively insensitive (70-80% in the hands of experts),
when compared to nucleic-acid based techniques (Loeffelholz ef a/, 1992). Cell culture

is also very labour intensive and time-consuming requiring 3-7 days for results. Cell
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culture is the only method that is based on the detection of live organisms. Stringent
requirements for cold-chain transport of the specimens and various aspects of the cell
culture technique can compromise the viability of the organism, thus it is not
particularly suited to routine screening. In brief, collected organisms are inoculated onto
McCoy cell monolayers and cultured for 48-72 h. Inclusions are then detected by

staining with monoclonal antibodies to the MOMP.

Differential Fluorescence antibody tests (DFA) involve the application of fluorescein-
conjugated antibody directed to the common determinant of MOMP or to the LPS
directly to the sample material on the slide. The sensitivity of DFA is 80-90% and the
specificity is 90-100% relative to culture (Chernesky ef af, 1986; Quinn ef al, 1987;
Smith ef al, 1987). Although the DFA test is rapid and applicable to a wide range of
sample types, it involves microscopic evaluation and requires specially trained
personnel and, therefore, is not suited to screening in a low prevalence population. The
DFA test has lost favour as a primary diagnostic test and is used mostly as a
confirmative test for presumptive positive results of other non-culture tests in light of its
high specificity (Singh e a/, 2002). DFA could prove useful in a point of care same day

diagnosis setting in a high-risk population (Swain et al, 2004).

Enzyme Immunosorbent Assays (EIAs) involve the application of enzyme linked
conjugated antibodies directed to the LPS of the organism. The total processing time of
the assay is 3-4 h, but antibodies to C. frachomatis LPS may also cross-react with other
chlamydial species and with the LPS of other Gram-negative organisms giving false
positive results. Manufacturers (MicroTrac, Chlamydiazyme) have developed a
blocking antibody test to verify C. rachomatis positive results reducing false positives.

Both DFAs and EIAs are commonly used in the detection of anti-chlamydial IgG in the

47



sera of women with infertility, pelvic inflammatory disease, and ectopic pregnancy

(Mouton ef al, 2002; Jones ef al, 2003).

In 1979 Gupta described changes in Pap smears that might be attributable to Chlamydia
frachomatis infection and suggested the possibility of detecting the organism through
routine cervical cytology (Gupta ef a/, 1979). Giemsa staining can be used to visualise
intracytoplasmic inclusion bodies with some degree of sensitivity (>90%), (Schachter ef
al, 1978) in cases of chlamydial conjunctivitis, however when applied to genital
infections this sensitivity drops considerably to an average of 27% (Bernal ef a/, 1989).
Direct cytology is associated with large numbers of false positives and false negatives
and is not recommended for laboratories that receive specimens only occasionally
(Black, 1997). More recently the use of endocervical Gram stain results together with
clinical information have been proposed in the identification of women at high-risk for

chlamydial infection (Myziuk ef af, 2001).

Paler et al, (2000) reported that the presence of inflammatory cells in Pap smears as a
marker for C. tfrachomatis infection had a positive predictive value of 65% and a
sensitivity of 83% (Paler et al, 2000). C. frachomatis has been reported in 20% of

women who have an inflammatory Pap smear (Burke and Hickey, 2004).

The leukocyte esterase test involves the detection of enzymes produced by leukocytes
containing the bacteria in urine. It is a quick dipstick based test and results are
immediate. The dipstick holds an absorbent patch containing indoxyl carbonate ester
that forms a purple colour when hydrolysed by leukocyte esterase. The sensitivity of
this test for C. frachomatis infection varies from 3 1%-100% and specificity ranges from

83%-100% (Black, 1997). When compared to NAAT for the detection of C.
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frachomatis the sensitivity and specificity of this test in an asymptomatic male
population were 57.9% and 78.3% respectively (Blake ef af, 2005). Leukocyte esterase
may be produced on infection with any number of organisms, thus a positive test
requires an additional organism specific test to determine the cause of the urethritis, but

it is a useful point of care test.

1.9.2 Hybridisation based tests

The development of nucleic acid based tests has resulted in significant improvements in
the sensitivity of detection of C. trachomatis. A number of probe-based tests have been
developed for the detection of C. trachomatis. The PACE 2 Test (Gen-probe, San
Diego, California, U.S.A)) is the most commonly used C. frachomatis test in public
laboratories in the U.S.A. The PACE 2 test involves the hybridisation of a
chemiluminescent DNA probe to the species-specific sequence of the chalmydial 16S
TRNA. Once the DNA-RNA hybrid is formed it becomes immobilised onto a
paramagnetic bead and the chemiluminescence response is measured using a
luminometer (Black, 1997). In a five-centre study using a new gold standard of
positivity by two or more tests, it was concluded that ligase chain chain reaction (LCx;
Abbott Laboratories} and PCR performed better than the PACE 2 assay when
performed on endocervical swabs and urine (Black ef al, 2002). In a comparison study
by Young ef al, (2000) on the relative sensitivities and specificities of PACE 2, LCx and
culture of endocervical specimens, PACE 2 was less sensitive (52.4%) than both culture

(71.4%) and LCx (100%) but just as specific.

The hybrid capture test (HCII CT/NG), (Digene, Maryland, U.S.A.) is a combination
test designed to detect C. trachomatis and Neisseria gonorrhoeae in a single specimen.
If the specimen tests positive, a further C. trachomatis identification (ID) test needs to
be performed. This test operates on the same principle as the PACE 2 test and involves
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the formation of DNA-RNA hybrids. When compared to culture its sensitivity and
specificity was 97.7% and 98.2% respectively for the detection of C. trachomatis in
1,370 cervical specimens (Schacter ef al, 1999). In a study by Girdner ez a/, (1999) the
performance characteristics of the HCII CT-ID test were compared to those of culture
and Amplicor Chlamydia trachomatis PCR (Roche Molecular Systems, Branchburg,
New Jersey, U.S.A.) for the detection of C. trachomatis in 587 cervcial samples. While
the sensitivities of both the HCII and PCR were much higher than cell culture (81.5%),
the HCII method was more sensitive than the PCR method (95.4% vs 90.8%), however
their specificities were the same at 99% (Girdner ef al, 1999). In a study by Modarress
ef al, (1999), the HCII test was found to be more sensitive than the Gen-probe PACE 2
test in the detection of C. trachomatis when Gen-probe transport medium was used in

the collection of specimens for the two tests.

A specifically designed rapid capture system has recently been developed by Digene
which integrates all liquid handling, incubation, and shaking steps of the assay in an
attempt to increase throughput of the system. The performance of this system, evaluated
on 1,241 endocervical specimens, was comparable to that of the manual system (Van
der Pol ef af, 2002). Thus experimental evidence suggests that the HCII method is more
sensitive than culture, PCR, PACE 2 and LCx while its specificity is equal to that of

PCR.

1.9.3 Nucleic acid amplification tests for C. trachomatis

Commonly used primers for C. frachomatis PCR target sequences on the cryptic
plasmid, the omp/ gene, and 16S rRNA gene sequences, although recently primers have
been designed for use in real-time PCR targeting the heat-shock genes Asp60 and Asp70

(Wood ef al, 2002). The plasmid primers and the MOMP primers remain the most
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popular with the Amplicor PCR test involving the amplification of a 207 bp fragment of
the plasmid. As the plasmid is present in C. frachomatis strains at a copy number of 7-
10 per genome, plasmid directed PCR is more sensitive than the MOMP primers (1
copy per genome equivalent). However, amplification of the omp/ gene can be used to
genotype the organism by sequencing of the PCR product (Pannekoek et a/, 2000).
Although strains of C. trachomatis have been discovered which lack the plasmid
(Farencena ef al, 1997) independent laboratories have not demonstrated the absence of

the plasmid consistently. Thus the clinical significance of such strains is controversial.

False negative PCR results pose a greater problem than false positives. False positives
are most often a result of contamination. False negatives often arise due to the presence
of PCR inhibitors in human-derived clinical samples. A nested PCR using the plasmid
primers followed by the MOMP primers is often used to solve discrepant results
(Pannekoek ef al, 2000). In a study by Singh er al (2002), the sensitivity, specificity,
positive predictive value and negative predictive value of plasmid PCR were 80%, 75%,

66.6% and 85.7% respectively when DFA was considered true positive.

Madico et al, (2000) have developed a touchdown enzyme time release PCR (TETR)-
PCR for the detection of chlamydial species C. frachomatis, C. pneumoniae and C.
psittaci. The assay amplifies sequences in the 16S and 16-23S spacer rRNA genes and
distinguishes between species based on the size of the product. It employs a touchdown
PCR to improve the annealing specificity of the primers. It uses a time-released hot start
polymerase to avoid artefacts of non-specific amplification and allow amplification over
60 cycles, improving the sensitivity of the test. However, it is not yet commercially
available. It has a sensitivity (96.7%) and specificity (99.6%) comparable to that of

AMPLICOR PCR.
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The commercially available BDProbeTEC™ET system, (Becton Dickenson
Microbiology Systems) for the detection of both C. trachomatis and N. gonorrhoeae is
an isothermal real-time assay using strand-displacement amplification. Unlike Tagman
PCR the BDProbeTEC™ET uses an exonuclease-free polymerase (Bst DNA
polymerase). The BDProbeTEC™ET was found to have sensitivity and specificity

comparable to that of the Amplicor PCR (Chan et al, 2000).

The most commonly used commercial PCR-based test for the detection of C.
trachomatis is the Amplicor CT/NG test (Roche Molecular Systems). This test has the
potential to amplify both C. trachomatis and N. gonorrhoeae and is available in two
formats, semi-automated and fully automated. In the semi-automated version amplified
products are detected by an EIA on microwell plates while in the fully automated
version (COBAS AMPLICOR Analyser) products are amplified and detected in the
same unit. The test also includes an internal control to check for the presence of
inhibitors in the sample. In a recent study by Bianchi ef al, (2002) it was determined
that PreservCyt is a suitable transport medium for the detection of C. trachomatis using
the AMPLICOR assay. In a multicentre evaluation of the COBAS AMPLICOR and the
Amplicor CT/NG on 2,192 matched endocervical swab and urine specimens obtained
from women and for 1,981 matched urethral swab and urine specimens obtained from
men the sensitivity off the COBAS AMPLICOR for the detection of C. frachomatis
ranged from 92.1% to 98.8% depending on the specimen type, while the specificity was
99%. The two assays gave concordant results in 98.1% of the specimens (Van der Pol ef

al, 2000),

Another commercial nucleic-acid amplification technology for the detection of C.

trachomatis is the Ligase Chain Reaction (LCx, Abbott Laboratories). In the LCx test
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four sets of probes anneal to the target site on the cryptic plasmid thus the sensitivity
and specificity of LCx are at least comparable to that of PCR. LCx may be performed

on first-void urine or cervical swab samples in women.

The presence of a large number of erythrocytes in a sample has been associated with
decrease in sensitivity of the assay, however studies have indicated that the presence of
one endocervical cell is sufficient for C. frachomatis detection (Loeffelholz ef a/, 2001).
A recent study by Castriciano ef af, (2002) questioned the accuracy and reproducibility
of the L.Cx on clinical urine samples with positive or near cut-off results. Twenty of 102
possible positive specimens showed discordant results by two repeat LCx assays
(Castriciano ef al, 2002). In February 2001, Abbott Laboratories issued a device
correction letter stating that the specificity of some on-market lots of the test kit had
fallen to 92%, but that the test sensitivity remained within the same range as before
(Castriciano e al, 2002). Since then the 1.Cx assay has been withdrawn from the
market. Abbot laboratories are currently conducting research into the development of an
improved LCx assay for the detection of C. frachomatis and N gonorrhoeae

(www.abbott.com).

The Gen-Probe APTIMAT™ assay (Gen-Probe Inc, San Diego, U.S.A) for C
trachomatis uses transcription mediated amplification to detect sequences in the 23S
rRNA, which is present in hundreds of copies of each organism. A study which
compared Abbott LCx (L.Cx), BD ProbeTec ET (ProbeTec), and Gen-Probe APTIMA
Combo 2 (AC2) on 506 urine specimens found that AC2 was the most sensitive (100%)
with a specificity of 98.8% (Gaydos ef al, 2004). The Gen-Probe APTIMA™ assay has
just recently received clearance from the FDA for use in the detection of C. frachomatis

and N. gonnorhoeae from PreservCyt samples (www.gen-probe.com).
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An assay based on the amplification of 16S rRNA using the nucleic acid sequence-
based amplification technique (NASBA; NucliSens Basic kit, Organon Teknika, Boxtel,
The Netherlands) has been developed, (Mahony ef af, 2001). Real-time PCR assays are
currently being developed for C. trachomatis detection due to their quick turnover time
(Koenig e al, 2004), and at present there is one commercially available real-time PCR
assay for the detection of the ompl gene (RealArt C. frachomatis PCR Abbott
Laboratories), (Eickhoff et a/, 2003). However, their usefulness in quantitation of C,
frachomatis infections has been less well explored (Burton ef a/, 2005). In this research
project real-time PCR was employed to compare the C. frachomatis load in samples

extracted by three different DNA extraction procedures.

1.9.4 Screening for C. trachomatis

The importance of screening for C. frachomatis in routine pelvic examinations is
highlighted by the fact that most infections are asymptomatic and if left untreated the
infected person becomes a reservoir for further infection. Prevalence rates and the
success of any screening programme are dependant on the positive predictive value of
the diagnostic method employed. There is much debate over which diagnostic method
gives the best possible results, however it is generally accepted that DNA based tests
offer greater sensitivity and are less time consuming than more traditional methods. The
CDC has highlighted the possible need for confirmatory testing when using NAATS in

populations where the prevalence is less than 2% (Kohl ef a/, 2003).

Numerous studies have evaluated and advocated opportunistic screening approaches in
health care settings (Harris, 2005; Tayal ef al, 2005). In the UK, an opportunistic
screening pilot study for C. #rachomatis was conducted in Portsmouth and the Wirral

between 1999 and 2000. Sexually active women aged 16-24 were offered a urine test
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for C. trachomatis whenever they attended a healthcare setting. Currently in the U.S.A.,
the CDC recommends that women under the age of 25, women with multiple sexual
partners, women having had a change in partner, wonmen who have symptoms
suggestive of chlamydial infection and those who have had a previous STI are screened
at regular intervals. These recommendations have been translated into active screening
programmes across all states with well documented evidence of a reduction in
prevalence in areas where intervention has been in place for a number of years (CDC,
2001). Similarly in Sweden, a national Chlamydia screening programme implemented
in the 1980s has been associated with a dramatic reduction in incidence of Chlamydia

and its adverse sequelae (Kamwendo ef al, 1998).

Screening for C. frachomatis may contribute to the prevention of pelvic inflammatory
disease and impact on the crippling cost of reproductive health problems to the state and
individuals. In a systematic literature review of cost effectiveness studies conducted
between 1990-2000, screening for C. trachomatis was cost effective at prevalences of
3.1%-10% and cost saving at prevalences of >1.1% if age was used as a selection factor
and DNA based tests on urine used (Honey ef a/, 2002). In Ireland, there is limited
testing for C. frachomatis and there is potential for extended testing of the female and

male population.

1.10 Project aims

The overall aim of the project was to develop rapid inexpensive molecular based
methods for the detection of both HPV and C. rachomatis from PreservCyt cervical
samples. A secondary aim was to apply these methods to determine the prevalence and
characterise the nature of these infections in an urban Irish population undergoing

routine cytological cervical screening.
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Chapter 2 details experiments conducted to determine the optimal method of DNA
extraction from exfoliated cervical cells in PreservCyt medium for the detection of C.

trachomatis.

Chapter 3 introduces the notion of screening for both C. #rachomatis and HPV from
residual PreservCyt material by the development of a multiplex PCR assay. The
sensitivity and specificity of the multiplex PCR were determined by comparison with
single PCR for both HPV and C. trachomatis and by comparison with the commercial
HCII for HPV and LCx assay for C. frachomatis. The multiplex PCR was then used to
screen 997 cervical PreservCyt samples to determine the age related prevalence of HPV
and C. frachomatis in the Irish female urban population presenting for cervical

screening.

The aim of Chapter 4 is to further characterise the nature of HPV infections in the
population by comparison of HPV status and cytology, by estimation of HPV viral load

using real-time PCR, and by HPV genotyping.
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CHAPTER 2
Comparison of DNA extraction from cervical cells collected in

PreservCyt solution for the amplification of C, trachomatis
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2.1 Introduction

2.1.1 Aim

PreservCyt has recently received FDA approval for the amplification of HPV as an aid
to cytological diagnoses. A single cervical sample could be used to screen for a number
of diseases of the female genital tract including C. frachomatis infection (Anquenot ef
al, 2001; Hopwood et al, 2004). Few studies to date have investigated C. frachomatis
detection from PreservCyt specimens (Bianchi ef al, 2002; Zhang ef al, 2002; Koumans
ef al, 2003). These studies have employed mostly commercial lysis buffer methods for
DNA extraction (Bianchi es af, 2002; Koumans ef al/, 2003). In this study, three
different DNA extraction methods from PreservCyt were investigated for the

amplification of C. frachomatis DNA.

2.1.2 DNA extraction from cervical cells

Conventional approaches to DNA extraction from cervical cells commonly involve
proteinase K extraction in a lysis buffer, with or without a further purification step
(Gopalkrishna ef al, 1992; Jacobs ef al, 2000). While these techniques are effective and
liberate large quantities of DNA, they are time-consuming, often involve dangerous
solvents, have a high risk of contamination and are not applicable to a diagnostic
setting. Commercial microbial testing kits have their own specimen collection
procedures, transport media and DNA extraction methods. This creates difficulties for
comparison studies; therefore, there is a need for simple rapid methods of DNA
extraction from cervical cells on which tests for a number of organisms can be

performed.
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Numerous rapid in-house methods have been described for the preparation of cervical
cells for PCR. Lou et a/, (1993) developed simple microwave and thermal cycler boiling
methods yielding satisfactory results for the detection of HPV DNA from
cervicovaginal lavage specimens while Gopalkrishna er a/ (1992) developed an
extended proteinase K digestion method at a higher temperature of 65°C for the
detection of HPV from cervical scrapes. Both of these methods used only one step
without further purification, reducing the potential for contamination. Modifications of
commercial DNA extraction methods have, in some instances, been found to increase
the sensitivity of commercial nucleic acid amplification techniques (Pasternack ef al,

1998, Niederhauser and Kaempf, 2003).

Recently many solvent-based methods for DNA purification have been replaced by
chelex purification and spin column methods (Sweet ef af, 1996; Chan ef al, 2001a). In
this study two DNA. extraction methods were developed (boiling in Tris-EDTA buffer
and proteinase K digestion in a lysis buffer, both with chelex purification steps) and
compared with a commercial DNA extraction method (QlAamp Mini-Kit, Qiagen Ltd)
for the extraction of C. trachomatis DNA from PreservCyt. The quality of DNA
extracted was evaluated by comparison of sensitivity of detection of C. trachomatis by
PCR for three distinct target DNA sequences, namely the C. frachomatis plasmid (CTP
primers), the major outer membrane protein gene, (MOMP), (MOMP primers) and the
60 kDa heat-shock protein gene (Hsp60 primers). These were compared to a gold-

standard of routine C. frachomatis testing by LCx assay (Abbott Laboratories).

2.1.3 Real-time PCR for the detection and quantitation of C. trachomatis
In this study real-time LightCycler® (Roche Molecular Biosystems) SYBR Green PCR

was performed to determine the concentration of C. frachomatis in samples extracted by
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the three different methods and thus determine the relative efficiency of each method.
Real-time PCR differs to conventional PCR in that the generation of products can be
monitored over time (Wittwer er af, 1990). The analysis of products during
amplification has become known as “real-time” PCR. The LightCycler offers the
possibility of “Rapid Cycle Real Time PCR”. Real-time PCR allows quantitation of
PCR products generated by comparison to a standard curve of known copy number PCR

product (Figures 2.1. and 2.2).

Few studies have explored the potential of real-time PCR for the detection or
quantitation of C. frachomatis (Eickhoff ef al, 2003, Koenig et al, 2004). Where real-
time PCR for C. trachomatis has been performed it has mostly been in studies
investigating the pathogenesis of chlamydial disease e.g. in the validation of microarray
experiments to estimate generation time (Wilson ef a/, 2004) or in the evaluation of
genes involved in the maintenance of persistence and the regulation of expression of

membrane proteins (Gerard ef a/, 2001; Gomes et al, 2005).
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Figure 2.1. LightCycler PCR amplification curve of cloned C. trachomatis
standards. pBSIlAsp 60 standards ranging from 10° copies of C. trachomatis hsp60 to

10 copies per pL of extracted DNA and C. frachomatis positive samples 1 and 2
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Figure 2.2. Standard curve plot of Hsp60 standards for quantitation of C.
trachomatis copy numbers by LightCycler real-time PCR
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2.2 Methods

2.2.1 Study population and clinical specimens

Cervical samples were taken from women attending a genitourinary medicine clinic, at
St. James’ Hospital, Dublin, Ireland and placed in LCx transport medium (L.Cx; Abbott
Laboratories, Chicago, Ill., U.S.A.). These were tested for C. trachomatis using the
Ligase Chain Reaction assay (LCx), (LCx; Abbott Laboratories, Chicago, Ill., U.S.A)).
A second cervical sample was taken on the same visit and placed in a vial of PreservCyt
medium and transported to the cytology laboratory of the hospital where a Pap smear
was prepared. Specimens were then kept at room temperature and the DNA was
extracted within 6 weeks. The sample population in this study consisted of 38 women

who tested positive for C. frachomatis by the LCx.

2.2.2 DNA extraction from PreservCyf cervical cells

PreservCyt specimen (12 mL) was vortexed briefly and divided into three 4 mL
aliquots. These were then centrifuged at 3,000 rpm and the pellet was washed twice
with TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0) and resuspended in a TE buffer
(200 pL). In extraction method A (TE-Chelex), the cell suspension was boiled for 10
min with 0.1% Chelex solution (Sigma—Aldrich). In method B (Proteinase K-Chelex),
the cells were resuspended in 200 pL of cell lysis buffer (10 mM Tris-HCI, 400 mM
NaCl , 2 mM Na;EDTA, pH 8.2), with 20 pL of proteinase K (20 mg/mL) and 0.5%
sodium dodecyl sulphate and incubated at 65°C for 2.5 h. This was then boiled for 20
min with 0.1% Chelex-100 solution. In method C (QIAamp), the QlAamp DNA Mini
Kit (Qiagen Ltd., UXK.) was used according to the manufacturer’s instructions

(Appendix A). DNA was extracted from a single sample using the three extraction
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methods within the same 48 h period. Following DNA extraction samples were stored at

-20°C, until required for PCR.

2.2.3 PCR amplification of a region of the C. trachomatis plasmid and omp gene

The following primer sets were used for detection of C. frachomatis: a plasmid primer
set (CTP), (Griffais and Thibon, 1989), and a primer set (MOMP) for the major outer
membrane protein gene, (Mittal, 1998), (Table 2.1). The positive control was DNA
extracted from a urine sample, which was C. frachomatis positive by culture. PCR was
performed in 20 pL reaction volume, containing 2 pL PCR buffer (Invitrogen Ltd, UK),
1.5 mM MgCl,, 200 uM of each NTP, 25 pmol of each primer set, 1 U of 7Tag DNA
polymerase (Invitrogen Ltd.) and 5 pl. of DNA sample (Appendix B). The PCR
reaction mixture was performed in a Hybaid Omni-E thermal cycler, with an initial
denaturation of 95°C for 5 min followed by 40 cycles of 95°C for 1 min, 55°C for 1 min
and 72°C for 2 min. After 40 cycles, a further elongation step was carried out at 72°C
for 5 min. The products were run on a 1% agarose gel containing 0.5 pg/uL ethidium

bromide (Figure 2.3).

Table 2.1. DNA oligonucleotides used for polymerase chain reaction

Amplicon
Gene Primer Sequence
target 9 size (bp)
plasmid CTP1  5-TAGTAACTGCCACTTCATCA-3’ 201
CTP2  5-TTCCCCTTGTAATTCGTTGC-3’
momp MOMPA 5-TATACAAAAATGGCTCTCTGCTT-3’ 540
MOMPB 5-CCCATTTGGAATTCTTTATTCACATC-3’
hsp60 Hsp60F  5’-GATGGTGTTACCGTTGCGA-3’ 650

Hsp6OR  5°-CCTCCACGAATTCTGTTCAC-3’
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(a)

(b)

540 bp

(c)

Figure 2.3. PCR amplification of C. trachomatis. (a) PCR amplification of a region of
C. trachomatis plasmid (201 bp) using the CTP primer set. (b) PCR amplification of C.
trachomatis major outer membrane protein gene (540 bp) using the MOMP primer set.
(c) Real-time PCR amplification of the C. frachomatis heat-shock protein 60 gene (650
bp) using the Hsp60 primer set. M=100 bp DNA marker; -: negative HoOcontrol; 1:

positive control; 2-4: C. frachomatis positive samples
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2.2.4 Real-time PCR detection and quantitation of C. trachomatis DNA

Real-time PCR for detection and quantitation of C. trachomatis was performed on all
DNA samples using the Hsp60 primer set (Wood ef al, 2002), specific for the heat-
shock protein 60 gene (Table 2.1). An aliquot (1 uL) of each sample was added to a
reaction mixture (9 pL) containing 3 mM MgCl,, 0.5 uM primers and 1 uL. of LC DNA
FastSTART Master SYBR Green 1 enzyme mix, (Roche Biochemicals), (Appendix B).
Samples were amplified on a LightCycler under the following cycle conditions: an
initial 10 min at 95°C for activation of the FastSTART 7ag DNA polymerase, followed
by 40 cycles of 5 s of denaturation at 95°C, 10 s of annealing at 68°C, decreasing to
65°C at a rate of 1°C/cycle and 30 s of extension at 72°C. Data were obtained after the
extension period in the single acquisition mode. The hsp60 PCR product was cloned
into a pBSII vector and serially diluted cloned copies were used to create a standard
curve (10° to 107 copies) for quantitation of chlamydial copy numbers. These standards
were run with each LightCycler run and the machine made a reading of C. frachomatis
copy numbers during the exponential phase of amplification. A melt curve step was
included to confirm the amplification (Figure 2.4). Samples which gave copy numbers
outside the range of the standards or whose melt-temperature (Tm) was outside those of
the standards had their real-time PCR product analysed by agarose gel electrophoresis.
A sample was positive if amplification of the 650 bp product occurred during the

amplification programme of 40 cycles.
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2.3 Results

DNA isolated from the 38 LCx positive samples by the three extraction protocols was
analysed for C. frachomatis amplification by PCR and quantified using real-time PCR.
A positive result for either the CTP or the MOMP primer set was determined by the
presence of 201 bp product for the CTP primer set and a 540 bp product for the MOMP
primer set on agarose gel electrophoresis. The Hsp60 real-time PCR assay was positive
if quantified C. frachomatis copy numbers were inside the range of the standards or if
running of the product on an agarose gel gave the required 650 bp product size. Five
TE-Chelex, 5 Proteinase K-Chelex, and 2 QIAamp samples had copy numbers below
the range of the standards (<100 copies/ul. DNA) but were positive on gel

electrophoresis of the PCR product.

2.3.1 Detection of C. trachomatis by plasmid PCR, MOMP PCR and Hsp60 real-time
quantitative PCR

The majority, 95% (36/38) of samples extracted using either the TE-Chelex method or
the Proteinase K-Chelex method were positive for C. trachomatis by either of the three
PCRs. The QlAamp samples gave a slightly higher overall positivity rate of 97%
(37/38) with a sensitivity of 95% for detection using plasmid PCR, 90% by MOMP
PCR and 95% by Hsp60 real-time PCR (Table 2.2). Of the QIAamp samples 90%
(34/38) amplified for each of the three PCRs as opposed to 71% (27/38) of the
Proteinase K-Chelex samples and only 50% (19/38) of the TE-Chelex samples (Table
2.2). The plasmid primers were the most successful for the amplification of C.
trachomatis DNA extracted by each of the three methods, followed by the Hsp60

primer set and then the MOMP primer set (Table 2.2).
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Table 2.2. Comparison of positive PCR results for three DNA extraction methods
from LCx C trachomatis positive samples (n=38) using the CTP, MOMP primers

in conventional PCR and Hsp60 primers for real-time PCR detection

Primer Set No. (%) of samples positive for each extraction method.

TE-Chelex* PK-Chelex” QIAamp°
TP 34 (90%) 35 (92%) 36 (95%)
MOMP 23 (61%) 28 (74%) 34 (90%)
Hsp60 28 (74%) 32 (84%) 36 (95%)

*Boiling in Tris-EDTA buffer with Chelex purification
®Proteinase K digestion followed by Chelex purification

“QIAamp DNA extraction kit

2.3.2 Real-time gquantitative PCR analyses of C. trachomatis DNA

Real-time quantitation of C. trachomatis copy numbers in samples was performed to
determine if reduced sensitivity of detection by PCR was associated with low copy
numbers of the organism and to determine the relative yield of C. trachomatis copy

numbers for each extraction method (Figure 2.2).

The QIAamp and the Proteinase K-Chelex samples most commonly gave copy numbers
of 10% pL of extracted DNA as opposed to the TE-Chelex samples which gave a lower
yield of 10% uL of extracted DNA (Table 2.3). Failure of amplification for the plasmid
and the MOMP gene were frequently associated with low bacterial load by real-time
quantitative PCR. Of the four TE-Chelex extracted samples negative by CTP PCR,

three were below the detection level of 100 copies of C. trachomatis/ pL of extracted
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DNA and of the 15 MOMP-negative samples three samples had <1000 copies and 12
had <100 copies of C. trachomatis by quantitative PCR. Of the 4 QlAamp extracted
samples, which did not amplify for all three genes, one sample was positive by Hsp60
real-time PCR only, with a copy number of 10?. Two others amplified for the plasmid
but not the momp gene; the real-time PCR result was negative for one and copy

numbers <100/ uL. DNA for the other).

Table 2.3. Real-time Hsp60 quantitative PCR for C. trachomatis copy number

determination (n=38 LCx C. frachomatis positive samples)

Chlamydial No. of samples

copy/ pn.  TE-Chelex® PK-Chelex” QIAamp®

Negative 10 6 2
<100 5 5 2
10%<x<10° 14 6 8
10°<x<10* 6 6 11
10%<x<10° 2 8 13
10°<x<10° I 6 2
10%<x 0 1 0
Total 38 38 38

“Boiling in Tris-EDTA buffer with Chelex purification
®Proteinase K digestion followed by Chelex purification
“QIAamp DNA extraction kit
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2.4 Discussion

The advent of liquid based cervical cytology may enable gynaecologists to screen for
both cervical preneoplastic lesions and sexually transmitted infectious agents from the
same sample. This is based on the ability of liquid fixed cells to yield nucleic acids
suitable for molecular based assays (Tarkowski ef al, 2001; Habis ef al, 2004). There
are a growing number of publications using PreservCyt specimens for molecular
detection of organisms including HPV, Herpes Simplex Viruses, Trichomonas vaginalis
and C. trachomatis (Fiel-Gan et al, 1999; Lanham ef al, 2001). As DNA extracted
from PreservCyt specimens may be used to screen for multiple organisms there is a
need for the development of simple rapid inexpensive DNA extraction methods, which

can readily be applied in the diagnostic setting.

2.4.1 DNA extraction from cervical cells in PreservCyt medium

Numerous DNA extraction studies have been performed on cervical cells from a variety
of specimen types including paraffin wax embedded archival tissue (Sepp ef al, 1994)
and cervical swab specimens (Hording ef al, 1994; Dalesio ef al, 2004). However, few
studies have compared cell preparation methods from liquid-based cytological media
such as PreservCyt (Cuschieri ef a/, 2003). While numerous studies have demonstrated
that PreservCyt is a suitable medium for the extraction of both DNA and RNA suitable
for molecular analysis (Peyton ef af, 1998, Cuschieri ef al, 2005; Sailors ef al, 2005)
studies into the efficiency of DNA extraction from PreservCyt are warranted especially
given that the medium was designed for the preservation of cellular morphology rather
than ease of cell lysis. In a study by Cuschieri ef a/, (2003) which evaluated the Qiagen
BioRobot 9604 (Qiagen Ltd., UK.) for the automated extraction of HPV DNA from

PreservCyt samples it was found that considerable optimisation of the protocol was
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required for PreservCyt samples as compared to whole blood or plasma (Hertogs e7 al,
1998; Hoffmeyer et al, 2000). This may be as a result of dehydration of the cell
membrane by the methanol in the PreservCyt reducing the efficiency of ionic lysis by
detergents commonly contained in DNA extraction buffers. The main aim of this study
therefore, was to compare the efficiency of two inexpensive in-house DNA extraction
procedures and one kit based method for the detection of C. trachomatis from

PreservCyt by PCR.

The results of this study indicate that the commercial QlAamp extraction kit was the
most successful extraction method for amplification of the three different target genes,
but that the Proteinase K-Chelex method had a similar success rate for C. frachomatis
amplification when the plasmid primers were used. However, amplification of larger
PCR products was less successful from Proteinase K-Chelex than with the commercial
extraction kit. This would have implications for the application of other molecular
methods to these DNA samples, particularly restriction enzyme digestion for restriction

fragment length polymorphism analysis.

In this study there was 90%, 92% and 95% sensitivity of C. frachomatis detection by
plasmid PCR amplification by the TE-Chelex, Proteinase K-Chelex and QIAamp.
Koumans ef al, (2003) analysed PreservCyt samples for C. frachomatis detection using
a commercial extraction and detection system and reported a similar sensitivity of 97%
for C. trachomatis detection. Berg ef al, (2003) evaluated three DNA extraction kits for
the isolation of C. prneumoniae DNA from vascular tissue and found that the QlAamp

kit was the most successful.
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2.4.2 PCR amplification of C. trachomatis plasmid, momp and hsp60 genes

Most non-commercial in-house PCR assays for C. trachomatis detection amplify a
region of either the C. frachomatis plasmid (Molano er af, 2005), the major outer
membrane protein gene momp (Molano ef al, 2004) or the rRNA (Claas ef al, 1991).
The 7.5 kb plasmid is found in practically all C. trachomatis isolates at varied copy
numbers. It has been suggested that during the replicative phase the number of plasmids
per organism increases (Pickett ef a/, 2005). The high-sensitivity of plasmid PCR has
been well documented (Roosendaal ef al, 1993; Mahony ef af, 1993). Plasmid primers
are more sensitive than either the MOMP or rRNA primers for C. frachomatis detection
(Roosendaal ef al, 1993). In a study by Mahony ef a/, (1993} it was found that plasmid
primers were 10-100 times more sensitive than chromosome-based assays. In this study
amplification for the plasmid gene was the most successful method for detection of C.

frachomatis and showed the greatest concordance for the three extraction methods.

Some studies have reported lack of reproducibility of C. frachomatis detection, even
with commercial systems, and recommend duplicate samples or the application of two
NAAT detection methods (Castriciano ef al, 2002). PCR using the MOMP primer set is
commonly performed to verify plasmid positive samples (Loeffelholz ef al, 1992;
Shattock ef al, 1998). Koenig ef a/, (2004) detected C. trachomatis by BD ProbeTec ET
followed by in-house LightCycler PCR to improve the sensitivity of screening (Koenig
et al, 2004). In this study, all samples were amplified for three different genes to
increase the specificity of detection. This study recommends the combined use of the
plasmid PCR and real-time heat shock protein 60 PCR for the detection of C.

trachomatis.
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2.4.3 Real-time PCR quantitation of C. trachomatis from PreservCyt

Real-time PCR is a fast and effective method for the detection and quantitation of
bacterial load (Tondella et al/, 2002) in clinical samples and for validation of DNA
extraction methods. Real-time quantitation of C. frachomatis load has been performed
previously to determine the effect of mass antibiotic treatment (Burton ef 4/, 2005) and
in the correlation of bacterial load with disease severity (Soloman ef a/, 2003). Real-
time PCR quantitation was used in this study to show that a drop off in sensitivity of
detection, particularly for the larger PCR products, was associated with low copy

numbers of C. frachomatis following DNA extraction from PreservCyt.

This study shows that a single PreservCyt cervical specimen can be used as a source of
high quality DNA for testing for sexually transmitted infections. Optimisation of the
method of DNA extraction from PreservCyt is essential to avoid false negatives and
ensure adequate sensitivity of detection. Careful selection of genes to be amplified and
the PCR product size for the detection of C. frachomatis is recommended. Real-time

PCR quantitation is a valuable method for validation of the sensitivity of PCR detection

methods
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2.4.4 Summary

Summary

¢ QIAamp DNA extraction method was the most successful for C. frachomatis
DNA extraction followed by the Proteinase K-Chelex and TE-Chelex DNA
extraction methods.

e PCR amplification using the CTP plasmid primers was the most sensitive for
C. trachomatis detection followed by Hsp60 PCR and then MOMP PCR.

e DNA extraction by the QlAamp DNA method followed by CTP plasmid
PCR amplification exhibited the highest sensitivity of detection of C.
trachomatis.

¢ Failure of amplification during PCR was associated with low bacterial load
as determined by real-time quantitative PCR for the #sp60 gene.

o (. trachomatis was detected with similar sensitivity when CTP plasmid PCR
was performed on QIAmp and Proteinase K-chelex extracted DNA but
product size may be a limiting factor in the success of momp gene
amplification.

¢ Real-time quantitative PCR is a useful tool in the determination of the copy

number sensitivity of conventional PCR methods.
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CHAPTER 3
Prevalence of HPV and C. frachomatis infections in Irish women

undergoing routine cervical screening
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3.1 Introduction

3.1.1 Sexually transmitted infections in Ireland

In keeping with the current trend across Europe, STIs continue to rise in Ireland year
after year. STIs have been increasing each year since 1994, with an increase of 173.8%
seen between 1994 and 2003. In 2003, 11,153 cases of STIs were reported in Ireland
(HPSC, 2004). This represents an increase of 6.5% compared to figures for 2002.
Between 2003 and 2004 the number of reported STIs rose by 12.1% (HPSC, 2005).
HPV and C. trachomatis infections are among the most common cases of STI reported
in Ireland. In 2004, the three most commonly reported STIs were ano-gemtal warts
(n=4,174), C. trachomatis (n=2,803) and non-specific urethritis (n=2,746) (HPSC,
2005). In Ireland, 11 sexuvally transmitted diseases are currently legally notifiable. STI
surveillance in Ireland is mostly genitourinary medicine clinic based, with few
incidence reports made from primary care settings (HPSC, 2005). As such reported
figures indicate trends in infection but are an underestimate of the true incidence due to
the asymptomatic nature of some of the infections. The main aim of this study was to
generate population based prevalence data on HPV and C. trachomatis infections in an

urban Irish population presenting for routine cervical testing.

3.1.2 C. trachomatis and HPYV infections in Ireland

Notified cases of C. trachomatis (n=2,803) increased by 24.1% in 2004 compared to
2003 (n=2,258) (HPSC, 2005). While these figures represent the largest increase in
prevalence rates of all reported STIs with the exception of N. gonorrhoeae during these
years, they may also be the result of improvements in disease notification, testing
methods and the increased social acceptability of testing for STIs. Numerous

advertising campaigns including the highly successful “Convenience Advertising
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Campaign” were launched in response to the National Health Promotion Strategy 2000-
2005. At present there is no organised C. frachomatis screening programme in Ireland.
The STI subcommittee of the Scientific Advisory Commitiee of HPSC is currently
assessing the need for a C. frachomatis screening programme. Our study will provide
some basic information on the demographics of C. frachomatis infection in Ireland

which may be useful in the decision making process.

Ano-genital warts (n=4,174) were the most commonly notified ST1 in Ireland in 2004
increasing by 4.8% compared to 2003 (HPSC, 2005). These figures represent a very
small proportion of HPV infections in the community as many people harbor HPV
infections that remain inactive or latent. Furthermore, most anogenital warts are HPV
type restricted and contain mostly benign HPV types 6 or 11. Molecular methods used
in this study enable pan-HPV detection and so provide a true estimate of the burden of

HPYV infections in the urban female Irish population.

Few studies have investigated the prevalence of HPV or C. trachomatis in the Republic
of Ireland. In 1984, a study was conducted by Mohammed ef a/, on the incidence of C.
trachomatis infection in patients attending a Dublin venereal disease clinic (Mohammed
ef al, 1984). This was followed in 1992, by a study conducted on 32 teenage girls
attending the sexually transmitted disease clinic in the Mater Misericordiae Hospital in
Dublin (Fitzpatrick ef al/, 1992). The most common diagnosis was of ano-genital warts
(18.8%) followed by C. frachomatis and then N. gonorrhoeae (Fitzpatrick ef al, 1992).
In 2004, a study was conducted in the mid-western region to determine the prevalence
of C. trachomatis in men and to determine the risk factors for its acquisition. Of 562
men attending orthopaedic clinics and university sports facilities, 5.9% were positive for

C. trachomatis (Powell ef al, 2004). Few studies have been performed on HPV
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infections in Iretand (O’Leary ef a/, 1997; Skyldberg ef a/, 1999; Brennan ef al, 2001)

and none have investigated HPV prevalence in the normal population.

3.1.3 Multiplex PCR

Multiplex PCR is the simultaneous amplification of two or more DNA targets in a
single reaction (Mahony, 1996). It is a rapid and cost-effective method for screening for
two or more microorganisms simultaneously. In this study, a novel multiplex PCR was
developed for the amplification of HPV and C. trachomatis from a single PreservCyt
sample. Numerous studies have employed multiplex PCR for the detection and typing
of HPV using either consensus or type-specific primers (Lukaszuk ef af, 2003; Ho ef al,
2003). A limited number of studies have looked at the detection of C. rachomatis in
liquid-based cervical samples using molecular detection methods (Lentrichia et al,
1998; Biancht ef af, 2002). A few other studies have used multipiex PCR on cervical
samples for the detection of organisms other than HPV and C. frachomatis (Bassiri et
al, 1997, Mgone ef al, 2002). Mahony ef a/, (1996) used multiplex PCR for the
detection of numerous sexually transmitted infections in cervical samples including
HPV, C. trachomatis and N. gonnorrhoeae, however, this assay was not performed on
ThinPrep samples. Very few studies have applied multiplex PCR for HPV and C.
frachomatis detection despite the fact that they are the most likely candidate organisms
to screen for in the female population. In addition to its application to screening,
multiplex PCR may help to determine co-infection rates for various STIs in populations
and has also been suggested for use in the provision of syndromic management (Ballard
el al, 2002). It can readily be automated to facilitate large-scale testing for
microorganisms, which could be incorporated into a screening programme. In this

study, a multiplex PCR was optimised and applied to a sample cohort of 997
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opportunistically screened women to determine the prevalence of HPV and C.

trachomatis.

3.1.4 Hybrid capture detection of HPV

The hybrid capture II test (HCII) is the only FDA approved commercially available
HPV detection assay. In this study, the sensitivity and specificity of the multiplex for
the detection of HPV was compared to detection by the combined probe HPV HCII
assay for the detection of high and low-risk HPV. The HCII assay has been employed in
large population based studies and has become the HPV detection standard in many
countries despite its inability to specifically type or quantify infecting HPVs (Soloman
et al, 2001; Cuzick et al, 2000). Since the development of cervical cancer is dependant
on persistent high-risk HPV infection, the ability to specifically type an HPV infection
following detection would provide additional information on the potential oncogenic
risk of a HPV infection. Retrospective analysis of HPV type in women with adequate

follow-up would also be useful in the evaluation of the natural history of the disease.

Kulmala er al, (2003) evaluated the sensitivity of HCII and PCR for the detection of
significant cervical lesions using DNA extracted from the transport medium specifically
designed for the HCII assay (Kulmala ef a/, 2004). Concordance was achieved between
the two assays for 85% of samples. A possible reason cited for discordant results was
that the DNA extracted by the Digene denaturing method was mostly in the single
stranded form and that some DNA may have been lost during the extraction procedure
(Kulmala et al, 2004). A number of studies have assessed the feasibility of using stored
HCII denatured specimens for HPV typing and PCR assays following additional DNA
extraction (Poljak ef af, 2002; Rabelo-Santos et a/, 2005). In this study, the feasibility of

performing the HCII assay on an aliquot of DNA extracted using the QIAamp method
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from PreservCyt was investigated and compared to the standard extraction protocol

used for the HCII method on PreservCyt samples.

3.1.5 4dims

The main focus of this research study was the development and evaluation of a novel
multiplex PCR assay for the simultaneous detection of both HPV and C. frachomatis in
liquid based cervical samples. The sensitivity and specificity of the multiplex assay
were determined by comparison with single PCRs. The copy number sensitivity of the
multiplex PCR assay was determined by amplification of cloned PCR products. The
assay was further evaluated by comparison with the commercially available HCII assay
for HPV detection and the LCx assay for C. frachomatis. HCII detection of HPV was
also compared following DNA extraction using the QIAamp procedure and the standard
Digene preparation method. The multiplex assay was then used to determine the age-
related prevalence of HPV and C. frachomatis infections in an Irish female population

(n=997) presenting for routine cervical screening.
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3.2 Methods

3.2.1 Design of multiplex PCR for the detection of C. trachomatis and HPV

A multiplex PCR was developed for the simultaneous detection of HPV and C.
trachomatis from PreservCyt solution. The MY09/11 primers (Manos ef al, 1989) were
used for HPV and plasmid primers (Griffais and Thibon, 1989) were used for C.
trachomatis detection. These generated fragments of 450 bp and 201 bp respectively
(Figure 3.1). Primers for the human f-globin gene (Saiki ef al, 1992) were included in
the multiplex as an internal control of DNA integrity, generating a 110 bp product
(Figure 3.1.). Primer and MgCl; concentrations in the reaction were titrated so that the
optimized reaction contained 5 pmol of each of the forward and reverse primers of the
MYO09/11 and CTP1/2 primers and 10 pmol of each of the forward and reverse primers
of the PCO3/4 primer set, 200 pM deoxynucleoside triphosphates, 10X PCR buffer
(containing 10 mM Tris HCI [pH 8.3], 50 mM KCI), 2 mM MgCl; and 1 U of Platinum
Tagq DNA polymerase (Invitrogen Ltd.) in a final volume of 20 nL, (Appendix B). The
annealing temperature of the PCR reaction was optimised following calculation of the
Tm of each primer set (MY09/11:Tm=51°C, CTP1/2:Tm=49°C, PCO3/4:Tm=51°C)
using MeltCalc™ by increasing the annealing temperature in a step-wise fashion from
49°C until no non-specific PCR products were produced. The PCR was initiated by a 10
min denaturation and enzyme activation step at 95°C and completed by a 10 min
extension step at 72°C. The temperature cycles were as follows: 40 cycles of 30 s at

95°C, 1 min at 57°C, and 1 min at 72°C.
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Mw 2 3 4 5 6 7 8 9 10 11 12

450 bp _y,
201 bp _p.
110 bp —»

Figure 3.1. Multiplex PCR amplification of C. trachomatis and HPV DNA in
various samples. Human B-globin control: 110 bp, C. frachomatis PCR product:
201 bp, HPV PCR product: 450 bp. Mw: 100 bp DNA marker. Lane 2: sample
negative for both HPV and C. trachomatis. Lanes 3, 4, 9 and 10: samples positive
tfor C. trachomatis only. Lanes 5, and 6: samples positive for HPV only. Lanes 7
and 8: samples positive for HPV and C. trachomatis. Lane 11: positive sample

control for HPV and C. frachomatis. Lane 12: negative H,O control.
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3.2.2 Validation of multiplex assay

Multiplex validation by pilot study on 100 samples

As a pilot study, the multiplex PCR was performed on DNA extracted from 100 cervical
PreservCyt fluid specimens collected from consenting women attending their general
practitioner for routine cervical screening. To evaluate the sensitivity and specificity
{Appendix C) of the multiplex for the detection of each organism in the pilot study
population (n=100), single PCRs for the detection of HPV was performed on samples
using the GP5+/6+ primers (de Roda Husman ef a/, 1995) generating a 150 bp product
and for the detection of C. trachomatis, using the Hsp60R2 primers specific to the
hsp60 gene of C. trachomalis, generating a truncated version (309 bp) of a previously
described product (Wood e a/, 2002), (sense, 5 GAT GGT GTT ACC GTT GCG A)
and (antisense, 5’ TAA TAA TCG TCT TTA ACA ACG T), (Appendix B). PCRs were
also performed using the MY09/11 and CTP1/2 primer sets singly, (Appendix B). All
PCRs were performed on DNA extracted using the QIAamp DNA extraction method
(section 2.2.2) using the QlAamp DNA extraction kit (Qiagen, UK) as per

manufacturer’s instructions, (Appendix A).

Estimation of sensitivity for C. frachomatis detection

To estimate the sensitivity of the multiplex assay for the detection of C. frachomatis,
multiplex PCR was performed on 34 PreservCyt fluid specimens from women attending
a genitourinary medicine (GUM) outpatient clinic, who had tested positive for C.

frachomatis by the LCx (Abbott laboratories).

Estimation of sensitivity for HPV detection

To estimate the diagnostic sensitivity of the multiplex assay for the detection of HPV a
random selection of 20 HPV positive and 20 HPV negative samples as determined by
multiplex PCR results on the pilot study population were tested for HPV by the HCII
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assay (Digene UK), (Figure 3.2). DNA was extracted from a second aliquot of each
sample for HCII analysis using the Digene Sample Conversion Kit (5127-1220) as per
manufacturer’s instructions, (Appendix D). Briefly, DNA was extracted from 4 mL of
PreservCyt sample by alkali denaturation at 65°C for 1 h. The HCII HPV DNA Test
(Product description 5196-1330) was carried out using high and fow-risk probe
cocktails for the detection of HPV on all 40 samples, (Appendix D). A cut-off point of
1.0 relative light units/ cut-off value (RL.U/CO) was set as per manufacturer’s
instructions. Samples that had RLU/CO of 1.0+/- 0.3 were retested. HCII testing was
also carried out on an equivalent volume of genomic DNA extracted by the QIAamp

method for comparison of extraction method (Figure 3.2), (Appendix D).

Estimation of copy number sensitivity

The copy number sensitivity of the multiplex was evaluated by performing the PCR on
serial dilutions of cloned standards of the HPY MY09/11 and the C. trachomatis CTP
PCR product in the pCR®2.1-TOPO® (Invitrogen Ltd), ranging from 10% to 10" copies/
uL. Cloning was performed using the TOPO-TA Cloning kit (Invitrogen Ltd), as per kit

manual,
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Figure 3.2. Hybrid capture (HCII) study algorithm
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3.2.3 Study population and ethical approval

Ethical approval was obtained for the epidemiological study from the St. James’ Ethics
Committee Review Board in August 2003, (Appendix E). The study population
consisted of women attending their local GP in the Dublin, Meath and Kildare areas for
routine cervical screening by pelvic examination and cervical smear. The study was
anonymised and no patient identification was recorded. Patient consent was sought for

all samples, (Appendix E).

3.2.4 Prevalence of HPV and C. trachomatis in the study population

DNA was extracted from 997 residual PreservCyt samples using the QIAamp method
(see Section 2.2.2.) as per manufacturer’s instructions, (Appendix A). Multipiex PCR
was optimised in a multiwell plate system for the simultaneous detection of HPV and C.
trachomatis (Appendix B). Controls included a previously characterised HPV positive
sample, a C. frachomatis PCR and LCx positive sample, a sample positive for both
organisms and a negative HO contamination control. A sensitivity of detection control
containing human genomic DNA spiked with 10? copies of cloned MY09/11 and CTP
PCR products was also included. PCR amplicons were analysed by ethidium bromide

gel electrophoresis in a 1.5% agarose gel.

3.2.5 Statistical analyses

Statistical significance was determined for the association of HPV and C. frachomatis
infections with age using the Pearson Chi-Square test calculated using Statistical
Package for the Social Sciences (SPSS) software version 11.0. All statistical analyses
were carried out with the assistance of Dr. John Kearney, resident statistician and

epidemiologist at the Dublin Institute of Technology.
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3.3 Results

3.3.1 Multiplex validation by pilot study on 100 samples

In the pilot study population, 21% (21/100) of samples were positive for HPV by the
multiplex PCR (Table 3.1). Using the MY09/11 primers in single PCR another 3
samples were identified as HPV positive that were not detected by the multiplex assay
(Table 3.1). Either the MY09/11 or the GP5+/6+ primers confirmed all 21 of the
samples positive by the multiplex assay. Two samples were positive for C. frachomatis
in the multiplex assay (Table 3.1). These were confirmed positive by the CTP1/2 and
Hsp60R2 primers in single PCRs and no additional positive samples were detected. A
positive sample was defined as positive by either the multiplex or any of the single
PCRs for that organism. The sensitivity and specificity of the multiplex with respect to
single PCR for the detection of HPV in the pilot study samples were 89% and 100%,
(Table 3.1). The multiplex assay was 100% specific and sensitive for the detection of C.

trachomatis with respect to single PCR in the pilot study population (Table 3.1).

Table 3.1. Comparison of multiplex and single PCR for the detection of HPV and

C. trachomatis in PreservCyt cervical samples

Sample Cohort Multiplex positive Single PCR positive

MY09/11° CTP1/2®  MY09/i1 GP5+6+" CTPL2 Hsp60OR2"
GP® clinic (n=100) 21 2 24 14 2 2
GUM clinic (n=34) 10 34 10 10 34 34

 Primers for the detection of HPV
® Primers for the detection of C. frachomatis

“Women who attended general practitioner (GP) clinics for routine cervical screening

87



3.3.2 Estimation of sensitivity for C. trachomatis detection
The sensitivity of the multiplex for the detection of C. trachomatis in the GUM clinic
population was 100% with respect to the commercial LCx assay (Table 3.1). Ten of the

34 samples (29.4%) were also positive for HPV by the multiplex assay.

3.3.3 Comparison of multiplex PCR to HCII for HPV detection

A total of 40 samples were tested for both high-risk and low-risk HPV. 20 of these were
HPV positive and 20 were HPV negative by the multiplex PCR. A positive result for
HCII was defined as a sample positive for either high or low-risk HPV following DNA
extraction by either the Digene Conversion method or the QIAamp method. The
sensitivity of the multiplex with respect to the HCII method for the detection of HPV
was 86% and the specificity was 100%. Concordant results were obtained in 34/40
(85%) of the samples. All multiplex positive samples were high-risk positive and three
were also low-risk positive yielding a co-infection rate of high and low-risk HPV types

of 15% (3/20).

HCII assay was performed on 40 samples with DNA prepared by two methods: - the
QIAamp method and the Digene Conversion method. Two multiplex PCR HPV positive
samples were negative by the Digene Conversion DNA preparation method but positive
by the QIAamp DNA extraction method (Table 3.2). For the multiplex negative
samples, two samples were HCII positive by both the Digene and QlAamp method with
a further positive sample detected for each method, but not by both (Table 3.2). The
RLU/CO values obtained ranged overall from 1,564.5 to 1.08 with an average 261.97
for HCII positive samples. Lower than average RLU/CO values were obtained for
samples with HPV result discordant from the multiplex result (Table 3.3). The viral

loads (see Section 4.2) of these samples were analysed retrospectively. The viral load of
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each of these samples was lower than the median viral load (1.5 x 10° HPV/ pg DNA)

of all HPV positive samples (n=194) quantified.

Table 3.2. Comparison of HPV detection by Digene hybrid capture (HCII) assay
using two DNA preparation methods

HPY positive by multiplex PCR

HCII positive  HCII negative

Digene DNA 18 2
QIAamp DNA 20 0

HPYV negative by multiplex PCR

HCII positive  HCII negative

Digene DNA 3° 17
QIAamp DNA 3 17

2 of these samples were HCII positive using QlAamp extracted DNA
® 2 of these samples were HCII positive using Digene extracted DNA

Table 3.3. RLU/CO luminescence value, viral load of samples with discordant

results between multiplex PCR and HCH

M-PCR? RLU/CO® Viral load®
Digene QIJAamp

+ 044(-) 118(H)  1.9x10°
+ 015() 122(H) 97x10°
- 0.15() 21.69(+) 4.7x10*
- 11.66 (+) 389(+) 12x10°
- 262.87(+) 51.83(+) 86x10*
- 337(H)  0.72(9) 3.0x 10°

* multiplex PCR
® relative light unit/cut-off value

“HPV copy/ ng genomic DNA
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3.3.4 Estimation of copy number sensitivity
The multiplex assay could detect as few as 100 copies of C. frachomatis plasmid

(Figure 3.3) and 100 copies of the HPV genome per pL of extracted DNA (Figure 3.4).

§ <€4— 201 bp

Figure 3.3. Copy number sensitivity of multiplex for C. frachomatis plasmid
detection. MW: 100 bp ladder, lanes 2-7 diluted standard curve of 10”-10% copies of
cloned CTP plasmid PCR product (201 bp), lane 8 negative H,O control

Figure 3.4. Copy number sensitivity of multiplex for HPV MY09/11 PCR product
detection. MW: 100 bp ladder, lanes 2-7 diluted standard curve of 10’-10% copies of
cloned HPV MY09/11 PCR product (450 bp), lane 8 negative H,O control
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3.3.5 Age characteristics of the study population

The age of the study population ranged from 16-72 yr. The average age of women
presenting for routine cervical screening was 35 yr. Age data was obtained for 996/997
HPV positive cases. 187/996 (19%) of the population studied were < 25 yr, 401/996
(40%) were between the ages of 25 yr and 35 yr, and 408/996 (41%) > 35 yr (Figure

3.5).
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Figure 3.5. Number of HPV and C. frachomatis infections detected by the multiplex
PCR method in the female population by age (n=996)

3.3.6 Prevalence of HPV and C. trachomatis in the study population

All samples amplified for B-globin using the PCO3/4 primers in the multiplex. HPV
was detected in 197/997 (19.8%) of samples and C. trachomatis in 54/997 (5.4%) of
samples (Figure 3.6). 11/997 (1.1%) of samples were infected with both HPV and C.

trachomatis (Figure 3.6).
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Figure 3.6. Prevalence of HPV and C. frachomatis in the Irish female population

presenting for routine cervical screening (n=996)

In the < 25 yr age group, 58/187 (31%) and 18/187 (10%) women were infected with
HPV and C. trachomatis respectively. In the 25-35 yr age group 94/401 (23%) and
20/401 (5%) were infected with HPV and C. frachomatis respectively. In the > 35 yr
age group 45/408 (11%) and 16/408 (4%) were infected with HPV and C. frachomatis

respectively (Figure 3.5).

Of cervical HPV infections, 29% (58/197) were in the < 25 yr age group, 48% (94/197)
were in the 25-35 yr age group and 23% (45/197) were in the > 35 y age group (Figure
3.7). Cumulatively 77% (152/197) of HPV infections occurred in the <35 yr age group.
The trend of decreasing HPV prevalence with age was highly significant (£<0.0001). In
the > 35 yr age group, 19% (38/197) occurred in women aged between 36 and 49 yr
inclusive and 4% (7/197) in women over the age of 50 yr. For C. trachomatis 33%
(18/54) of infections were in the < 25 yr age group, 37% (20/54) in the 25-35 yr age

group and 30% (16/54) in the > 35 yr age group (Figure 3.8). Cumulatively 70% (38/54)
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of C. trachomatis infections occurred in the < 35 yr age group. The trend of decreasing
C. trachomatis prevalence with age was highly significant (P<0.0001). The average age
of women infected with both organisms was 31 yr, with 5/11 concomitant infections
occurring in the <25 yr age group, 3/11 in the 25-35 yr age group and the remaining

3/11 in the >35 yr age group.

Figure 3.7. Proportion of total HPV infections (N=197) in each
age category, < 25 yr = 58 cases, 25-35 yr = 94 cases, >35 yr = 45 cases

mb<25
[25-35
0=>35

37%

Figure 3.8. Proportion of total C. frachomatis infections (N=54) in each

age category, <25 yr = 18 cases, 25-35 yr = 20 cases, >35 yr = 16 cases
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3.4 Discussion

The ThinPrep Pap Test is fast becoming the method of choice for cervical cytology and
permits further studies on residual cellular material. The aim of this study was to
evaluate the potential for screening for both HPV and C. trachomatis from a single
ThinPrep sample by a rapid cost-effective multiwell multiplex PCR and to apply this
technology to estimate the prevalence of C. frachomatis and HPV in the Irish female

population attending for routine cervical screening.

3.4.1 Design of multiplex for HPV and C. trachomatis detection

The multiplex was designed for the detection of HPV by amplification of a region of the
L1 gene using the MY09/11 consensus primers, and for the detection of C. trachmatis
by amplification of a region of the cryptic plasmid using the CTP primers. The
consensus MY09/11 primers were chosen for HPV amplification as they amplify over
30 genital types of HPV (Gravitt ef al, 2000) and sequences amplified using these
primers are commonly used for downstream typing methods (Feoli-Fonseca ef al, 2001;
Richardson ef al, 2003). Moreover, use of the MY09/11 primers facilitated optimisation
of the annealing temperature of the multiplex PCR to allow co-amplification of the CTP
and B-globin PCR products unlike the GP5+/6+ primers, which rely on a less stringent
annealing temperature of 40°C to allow amplification of a similar range of HPV types
(de Roda Husman et al, 1995; Jacobs ef af, 1997). A recent study, which compared
biases in HPV genotype prevalence assessment associated with the commonly used
consensus primers MY09/11, PGMY09/11 and GP5+/6+, reported that GP5+/6+
exhibited poor sensitivity for HPV52 detection (Chan ef a/, 2005). In the diagnostic
setting PCR for C. frachomatis is commonly performed using primers targeted to the

cryptic plasmid (Singh ef al, 2003; Molano ef al, 2005). As the plasmid is present in
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multiple copies per organism amplification is highly sensitive when compared to
chromosomal targeted PCR assays (Mahony ef a/, 1993; Lehmann ef a/, 1999). The
multiplex PCR was optimised for use on a multiwell plate and the choice of primers
used in combination with each other, created sufficient differences in amplicon size
(Figure 3.1) to allow analysis of PCR products on 1% agarose gels. In this way,

processing of many samples was achieved with minimum cost.

3.4.2 Estimation of the sensitivity and specificity of the multiplex PCR for HPV
detection

To evaluate the sensitivity and specificity of the mulitiplex for the detection of C.
rrachomatis and HPV, a pilot study was carried out on 100 samples. The pilot study also

allowed testing of the sample collection process.

Initial testing of the multiplex on 100 samples revealed a HPV prevalence of 21%,
which is similar to the findings of other population based HPV studies, and is within the
range of worldwide prevalences estimated by IARC (Franceschi, 2005). The sensitivity
of the multiplex for the detection of HPV with respect to single PCR was 89% and the
specificity was 100% as caiculated on the 100 pilot study samples. The multiplex was
slightly less sensitive than single PCR. This is to be expected, as greater competition for
reagents exists when PCR is performed in a multiplex format. Other studies have
reported that the MY09/11 primers are more sensitive than the GP5+/6+ primers when
used separately (Husnjak ef a/, 2000; Brennan ef a/, 2001), however when used in an
nested PCR format with the MY09/11 primers, the GP5+/6+ PCR confers increased
sensitivity of detection as the positioning of the annealing sites for the GP5+/6+ primers
are within the MY09/11 PCR product (Remmerbach er a/, 2004). Performance of a

nested PCR for HPV detection, although it would be ideal, would require an additional
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amplification step and would not be feasible for high-throughput population based

screening studies.

The multiplex could detect 100 copies of the MY09/11 PCR product. This compares
favourably to the limits of detection of the HCII assay, which can detect 5,000 viral

copies (Lorincz, 1996).

The multiplex was compared to the HCII assay for the detection of HPV in 20 HPV
positive and 20 HPV negative samples (Table 3.2). Sensitivity and specificity values of
86% and 100 % were obtained. Concordant results were obtained between the multiplex
and HCII for the detection of HPV in 87.5 % of samples. Other studies have detected
similar concordance rates of 85% (Kulmala er a/, 2004) and 76.5% (Nonogaki ef al,

2004) for HPV detection between HCII and PCR.

False negative multiplex PCR results may be explained by the fact that the HCII
analysis was carried out on a second aliquot of 4 mL from the original PreservCyt
sample, which may not have contained equal numbers of HPV infected cells. Similarly,
other studies have reported false negative samples when using just one set of consensus

primers for the detection of HPV (Husnjak ef a/, 2000; Remmerbach ef a/, 2004).

Classification of HPV risk by HCII revealed a predominance of high-risk infections,
with low-risk infections occurring only in cases of concomitant high-risk infection.
Other studies have shown that the majority of HPV infections are indeed high-risk
(Beby-Defaux ef al, 2004; Thomas ef al, 2004). Recently, concerns have been raised
over the misclassification of HPV risk resulting from cross-reactivity of some low risk

probes with high-risk HPV types (Poljak ef a/, 2002). The newer hybrid capture (HCIII)
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assay aims to address this problem. In this assay a biotinylated capture DNA
oligonucleotide specific for selected HPV DNA sequences is used to capture
DNA:RNA hybrids onto streptavidin coated wells instead of an immobilised antibody
as in the HCIH system. This could reduce the possibility of non-specific DNA:RNA

hybrid capture and thus reduce cross-reactivity and false positives (Castle et al, 2003b).

3.4.3 Estimation of the sensitivity and specificity of the multiplex PCR for C
trachomatis detection

Initial screening of 100 pilot study samples revealed a C. trachomatis prevalence of 2%.
The multiplex was both highly sensitive (100%) and specific (100%) for C. trachomatis
detection as no additional positive samples were detected by single PCR using either the
CTP or the Hsp60R2 primers on the 100 pilot study samples. Other studies performed
using the CTP primers for PCR detection of C. frachomatis have shown similar

sensitivity rates (Shattock ef al, 1998; George ef al, 2003).

The multiplex could detect as few as 100 copies of the CTP plasmid. As the plasmid is
present at between 6 and 10 copies per organism this translates to a sensitivity of less
than 100 organisms. Recent reports have shown that the plasmid copy number increases
during the replicative phase of the lifecycle indicating that the sensitivity of detection
may be increased further depending on stage of the developmental cycle (Pickett ef a/,

2005).

The sensitivity of the multiplex for C. frachomatis detection was further evaluated on
34 GUM clinic samples positive for C. frachomatis by the commercial LCx assay. The

LCx assay is an amplification assay, which also targets the C. trachomatis plasmid
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(Gaydos et al, 2004). The multiplex was 100% sensitive and specific by comparison to
the LCx assay for the detection of C. frachomatis in this higher risk GUM clinic control
population. Such high levels of sensitivity are comparable to those seen for commercial
nucleic acid based tests such as the COBAS Amplicor CT/NG test for the detection of

C. trachomatis (van der Pol et al, 2000).

Few studies have looked at HPV status with respect to infections with other STIs
(Lehmann ef al, 1999; Golijow ef al, 2005). In this study 29.4% of C. trachomatis
positive samples were also HPV positive. These results highlight the need for an

integrated approach to STI screening and women’s health initiatives.

3.4.4 Comparison of two DNA extraction procedures for HCII analysis

Four samples yielded discrepant HCII results on comparison of the two DNA extraction
methods (Table 3.3). Real-time PCR quantitation of these samples indicated that
negativity by either extraction method might be as a result of low viral load (Table 3.3)
of these samples. Further evaluation of convenient DNA extraction procedures for use
in HCII analysis is needed on a greater number of samples with particular consideration

given to viral load.

3.4.5 Prevalence of C. trachomatis in the female population

One of the aims of this study was to establish the prevalence of C. frachomatis infection
in cervical PreservCyt samples taken from Irish women presenting to GPs for routine
cervical screening in an urban setting. The prevalence of C. frachomatis in the
population studied was 5.4%. The asymptomatic nature of C. trachomatis facilitates its
spread and promotes a reservoir of infection. Prevalence data may provide an indication

of the size of this reservoir in the Irish female population.
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The prevalence of C. frachomatis depends upon the setting, context and country studied.
In 2002, the European Union BioMed Concerted Action Group undertook a systematic
review of the prevalence of C. frachomatis among European women. From an analysis
of >300 papers it was found that only 14 studies met their strict inclusion criteria. The
prevalence was found to range from 1.7% to 17%. The mode was 6% for women
seeking contraception and 4% for women having cervical smears (Wilson et al, 2002).
Our finding of 5.4% in women having cervical smears correlates well with the European
average. More recent studies have shown a prevalence of 3.5% in Greece (Levidiotou ef
al, 2005), 8.2% along the US-Mexico border (Baldwin ef a/, 2004) and 1.1% in India

(Joyee et af, 2004).

It has been demonstrated previously that young sexually active females are at highest
risk for Chlamydia infection and for repeat infections, which further increase their risk
of sequelae. A study by Shrier ef @/, (2004) using nucleic acid amplification based tests
on a variety of samples demonstrated a prevalence of 22% in the 16-25 yr age group.
Previous studies have demonstrated a decrease in prevalence with age (van den Hoek ef
al, 1999; Adams ef al, 2004). A similar trend was observed in our study with incidence
reducing from 10% in the < 25 yr to 5% in the 25-35 yr group and 4% in the > 35 yr

group (Figure 3.5).

A review of C. trachomatis prevalence studies in the UK. reported that the most
influential variables on prevalence were age and setting of the population studied
(Adams ef al, 2004). Using the criteria set down by the British Chief Medical Officer’s
expert advisory group on C. frachomatis screening, on Belgian women it was found that
age was not the most influential factor in prevalence but rather risky sexual behaviour

(Verhoeven et al, 2003). Our study found a high prevalence among young women
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attending GP clinics for cervical screening with 70% of all infections occurring in the <
35 y age group (Figure 3.8) and indicated that screening of this group would identify the
majority of infections. The incidence of C. frachomatis infections was highest in the <
25 yr age group, however this group is not commonly targeted for cervical screening.
Further studies to determine additional risk factors for C. trachomatis infection in the

Irish population are warranted.

3.4.6 Prevalence of HPV in the female population

In this study the HPV prevalence was 19.8%. Great variations in prevalence figures for
total HPV infection have been reported worldwide. A recent IARC study which
surveyed 10 population-based studies on approximately 15,000 samples from 4
continents showed that the prevalence of HPV infection varies greatly from 2%-30%
(Franceschi, 2005). Recently conducted studies show prevalences of 26.3% in Nigeria
(Thomas et al, 2004), 14.32% in women with no history of abnormalities in France
(Boulanger ef al, 2004), 17.7% in sexually active women in Argentina (Matos ef a/,
2003), 27.5% in married women 30-50 years of age in China, 10.9% in South Vietnam
(Pham et al, 2003), 28% in Honduras (Tabora ef af, 2005), 27% in Western Australia

(Brestovac et al, 2005b) and 26.5% in Costa Rica (Herrero ef al, 2005).

A recent IARC worldwide analysis of the epidemiology of HPV infections has shown
that the age distribution varies worldwide (Franceschi, 2005). Numerous studies have
demonstrated the highest HPV prevalences in young women with a decrease in
prevalence with age (Matos er a/, 2003; Beby-Defaux ef al/, 2004). In our study,
prevalence decreased with age from 31% in the <25 y group to 23% in the 25-35 y
group and 11% in the >35 y group. Some studies have shown a bimodal pattern of

infection with prevalences highest in the youngest and oldest age categories (Castle ef
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al, 2005; Herrero et al, 2005) suggesting acquisition of the virus at young age with
persistent infections more evident with age. In our population it was found that 23% of
all HPV infections occurred in the >35 y age group and that within this age group
prevalence decreased with age. Screening for HPV in this age group may identify
persistent infections and identify women at greatest risk for developing cervical cancer.
This approach has been adopted as part of the screening algorithm in countries such as

the U.S.A. and France.

3.4.7 Coinfection by HPV and C. trachomatis

In our study 29.4% of C. trachomatis infections in the high risk GUM population also
contained HPV. In the epidemiological study 1% of the general population were found
to harbour both organisms. A recent study in Argentina found that C. frachomatis
prevalence was higher in HPV positive women than in HPV negative women (Golijow
ef alf, 2005). C. frachomatis is now considered an independent risk factor for the
development of cervical cancer (Franceschi, 2005). A recent study on colposcopy
patients reporting a prevalence of 3.4%, suggested that routine screening for C.
tfrachomatis be carried out in colposcopy clinics (Tayal ef al, 2005). C. trachomatis
infected cohorts may overlap with cohorts harbouring other STIs and those at risk of
development of cervical neplasias. Comprehensive STI prevention programmes that
involve a range of STI service providers are needed to successfully reduce the STI-

related health burden in the population.

3.4.8 Population based screening for C. trachomatis and HPV
Population based screening for HPV and C. frachomatis has been reviewed extensively
and is highly recommended by a number of studies under particular conditions (CDC,

1993; Cuzick et af, 2003). Combined screening for both C. frachomatis and HPV
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infections is justifiable since they are highly prevalent, easily diagnosed and there is
now substantial evidence for the contributory effect of C. trachomatis infections in the
development of cervical intraepithelial neoplasias. This is the first study looking at the
detection of both HPV and C. frachomatis from a single ThinPrep sample using
multiplex PCR. The ideal situation would be to screen for the presence of a number of
organisms by multiplex PCR from a single fluid based sample. This simple multiplex is
cost effective, rapid and could be used to screen cervical ThinPrep samples for both

HPYV and C. trachomatis, especially in a high-risk population.

3.4.9 Summary

Summary

o Multiplex PCR is 100% sensitive and specific for C. trachomatis detection
and 89% sensitive and 100% specific for HPV detection when compared to
single PCRs.

o There is 100% agreement between LCx and multiplex PCR for C.
trachomatis detection and 88% between HCII and multiplex PCR for HPV
detection.

¢  5.4% prevalence of C. frachomatis in the female Irish population justifies a
screening programme,

o 19.8% prevalence of HPV in the Irish female population- this is the first
study in Ireland to generate HPV population prevalence data.

¢ 29.4% of C. trachomatis positive GUM clinic attendees had HPV infections.

o 1% of the Irish female population harbour both C. trachomatis and HPV

o The prevalence of both infections decreased with age.
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CHAPTER 4
Characterisation of HPV infections in Irish women undergoing

opportunistic cervical screening
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4.1 Introduction

4.1.1 Aims

Since the prevalence of human papillomaviruses (HPV) in the general population is so
high, HPV testing as a primary screening tool for cervical abnormalities is not
appropriate. HPV data that may have greater predictive value include HPV genotype
identification and HPV viral load, as high load of certain HPV types is associated with
neoplasia. The aim of this research was to gain further information on the nature of
HPYV infections in the Irish population, in particular HPV type and viral load and to

investigate these parameters in relation to cytological abnormalities of the cervix.

4.1.2 HPV prevalence and cytology

While cervical screening programmes are credited with dramatically reducing the
incidence of mortality worldwide due to cervical cancer, approximately 50% of cases of
mvasive cervical cancer can be attributed to the inherent limitations of cytological
screening (Cuzick, 1998). The sensitivity of cytology in the detection of high-grade
cervical lesions is estimated at only 50-80% (Cuzick, 1998). Since the 1980s there has
been growing support for the introduction of adjunctive HPV testing into cervical
screening programmes to improve the accuracy of diagnosis, especially in the
distinction between high-grade and low-grade disease. The presence of HPV DNA has
been proposed as a diagnostic marker considering that 99.9% of all cervical cancers
contain HPV DNA (Munoz, 2000). Those positive for HPYV DNA have a 15-20 times
higher risk of developing cervical cancer than those without HPV DNA (Lo et al,
2002). The presence of high-risk HPV DNA has been consistently associated with all
grades of cervical lesions (Kulasingam ef af, 2002). One of the aims of this research was
to establish the baseline prevalence of HPV DNA in all grades of pre-neoplastic disease

and in normal samples from an Irish population, and secondly to establish the rate of
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high-risk HPV DNA presentation in these samples. Recently, C. frachomatis infection
and smoking have been classified as contributory risk factors in the development of
neoplasia (Smith ef al, 2004; Matos er a/, 2005). A further aim of this study was to
determine if there was any relationship between C. frachomatis infection and smoking

status and the presence of cervical disease.

4.1.3 HPYV load as a prognostic or diagnostic indicator
The presence of HPV alone is not a sufficient indicator of disease potential. Apart from
the type of HPV, other characteristics of HPV infections are currently being explored

such as the viral load.

Viral load could function as an alternative method for assessing the risk of cancer
development because high viral load could result from an active viral replication, which
may support viral persistence (Ylitalo er e/, 2000). HPV viral load has also been used
after surgical excision of cervical lesions as a test of cure procedure (Lillo ¢f a/, 2005)
and also to determine the likelihood of lesional regression and viral clearance in
abnormal cytology (van Duin e al, 2002). High viral load has been shown to increase
the chance of development of cervical intraepithelial neoplasia grade three (CINIII) by
60-fold (Josefsson ef al, 2000), however the use of viral load as a prognostic indicator
remains controversial. When hybrid capture (HCII) was used to estimate viral load, an
association was determined between HPV viral load and presence or grade of squamous
intraepithelial lesions in some, but not all, cross-sectional studies (Clavel ef al, 1998b;
Nindl e a/, 1998). In a study by Szoke ef a/, (2003) which followed the disease course
of 455 patients who had had a routine HCII test due to cervical squamous abnormalities,
it was found that viral load did not predict oncogenic progression. However, viral load

estimation by HCII is only considered semi-quantitative.
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It has also been suggested that viral load may also be used to determine the grade of
disease. While studies have suggested a relationship between grade of disease severity
and viral load (Cuzick et af, 1992; Josefsson et al, 2000), this relationship is not yet

clear.

Viral load significance has been particularly associated with HPV16 (Swan er af, 1999).
Studies have demonstrated that cervical disease is consistently associated with high
HPV16 viral load (Ylitalo ef af, 2000; Lo et al, 2005). Moreover, HPV 16 viral load has
also been associated with prostate cancer (Serth ef af, 1999). HPV 16 viral load has been
used to predict the risk of cervical carcinoma before the development of squamous
intraepithelial lesions (Josefsson ef al, 2000). A study by Lo ef a/, (2005) showed that
for HPV16 the viral load was higher in high-grade and cervical cancer cases, lower in
low-grade cases and the lowest in normal cases. In a recent study which looked at the
relationship between stage of cervical carcinoma and HPV viral load it was reported
that HPV viral load did not increase with increased severity of disease (Biedermann ef
al, 2004). It was also suggested that high HPV16 viral load may favour prognosis by
switching the host’s immune status from a silent state induced by the
immunosuppressant quality of tumour cells to an active state induced by infection
(Biedermann er af, 2004). Ikenberg ef al, (1994) also found a better survival trend in
patients with higher copy number HPV infections. One of the aims of our study was to
investigate if viral load was associated with disease as opposed to normal samples and

to assess whether the viral load varied according to grade of precancerous disease.

4.1.4 Real-time quantitation of HPV
The presentation of data in the literature with respect to technical and theoretical aspects

of HPV viral load is incredibly heterogeneous. A gold-standard method for HPV
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quantitation has not yet been proposed. Early studies categorized samples as low viral
load if HPV quantity was only detected by PCR and high viral load if the less sensitive
southern blot could be used (Morrison ef al, 1992). Following on from that, HPV was
quantified by measuring the signal intensity of gel bands or hybridization signals
following standard PCR assays (Flannelly ef @/, 1995; Forslund et al, 1997; Bavin et al,
1993; Swan ef al, 1999). Numerous studies have used HCII to estimate viral load semi-
quantitatively (Peyton ef al, 1998; Lorincz ef al, 2002; Gravitt ef af, 2003a) however,
the accuracy of HCII for quantitation has been questioned, particularly because of the
lack of standardisation for input genomic DNA. The HCII assay is reported to be
quantitative between approximately 5 x 10" and S x 107 viral copies, but this does not
cover the full range observed in clinical samples (about 10? to 10° copies), (Cavuslu et
al, 1996). Good correlation between HPV viral load determined by real-time PCR as

compared to HCII has been reported in other studies (Pretet ef al, 2004).

Recently real-time PCR assays have been developed (Josefsson ef al, 1999; Szuhai ef
al, 2001; Tucker ef af, 2001). It is generally accepted that real-time PCR assays
targeting type-specific DNA with normalization for input of human DNA provide the
best measurement of HPV viral load (Gravitt ef al, 2003a). Real-time PCR has the
advantage of high specificity, high sensitivity and with a capacity to quantify over a
large linear range (Tucker ef al/, 2001). Real-time PCR has also been used to
simultaneously determine the integration status and viral load of HPV infections (Nagao

et al, 2002; Peitsaro ef al, 2002).

Real-time PCR has been adapted extensively for HPV quantitation; however, there is no
consensus on the choice of format. The most notable difference between assays is the

choice between a consensus HPV amplification approach or type-specific amplification.
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Recent studies have indicated that cervical cancer may not be exclusively a monoclonal
disease brought about by one oncogenic HPV type but may result from the interplay of
potential oncogenic HPV types within the same local environment (Huang ef a/, 2004,
Munoz et al, 2004). With this in mind real-time assays have been designed for
consensus PCR amplification (Lillo ef a/, 2005) and type-specific amplification (Hart ef

al, 2001; Tucker ef al, 2001; Josefsson ef af, 1999).

Numerous real-time chemistries have been explored including Scorpion probes (Hart ef
al, 2001), SYBR Green™ E1 gene PCR (Szuhai e al, 2001), 5* exonuclease probes
(Josefsson ef al, 1999; Tucker et af, 2001). In this study real-time SYBR Green™ PCR
employing consensus MY09/11 primers was used to determine viral load in all HPV
positive samples with respect to an imported external standard curve of cloned HPV16
MY09/11 consensus PCR product. Tt was important to develop a consensus PCR as the
full range and frequencies of different genotypes of HPV in the general Irish population

were unknown.

4.1.5 HPV genotyping

Testing for high-risk HPV types dramatically increases the positive predictive value of
an HPV test for the detection of neoplasia. It is therefore important in any HPV
screening situation to select HPV types for screening according to local prevalence. At
present there is no information on the prevalence of the various HPV genotypes in the
normal Irish female population presenting for opportunistic cervical screening. Even
within other European countries, few population-based opportunistic HPV typing
studies have been performed (Johnson ef af, 2003; Cuschieri ef al, 2004; Speich ef al,
2004). The aim of this research was to determine the genotype of HPV infections in

Irish women presenting for opportunistic cervical screening.
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The prevalence of HPV genotypes varies according to geographical location. Most
studies assessing HPV genotype have focused on cervical cancer cases and HPV
genotype in preneoplastic lesions exclusively. A study conducted by the International
Agency for Research on Cancer (IARC) in 2003 on HPV types in cervical cancer cases
based in ¢ countries worldwide found that after HPV16 and 18 the prevalence of other
oncogenic types varies considerably from country to country (Munoz et al, 2003).
HPV16 was the most common type in all countries (overall prevalence 58.9%), ranging
from 43.9% in the Philippines to 72.4% in Morocco. HPV18 was the second most
common type, followed by HPV45. Types 31 and 35 were more common in countries

of Latin-America and the prevalence of HPV52 was highest in Peru (8.6%).

A more recent study conducted by IARC on 10,058 cervical cancer cases worldwide
found that the most common HPV types found in cervical cancer cases were, in order of
decreasing prevalence, HPV16, 18, 45, 31, 33, 58, 52, 35, 59, 56, 6, 51, 68, 39, 82, 73,
66, and 70 (Franceschi, 2005). HPV16 (51%) or 18 (16.2%) were associated with over
two-thirds of cervical cancer cases worldwide (Franceschi, 2005). Cohort effects in type
distribution, particularly of high-risk types other than HPV16, have been observed

within countries (Touze ef al, 2001).

Even within the high-risk group of HPV types, oncogenic potential differs. In Europe
the most prevalent type is HPV16 (Bosch ef al, 1995) but there are several reports that
HPV18 infections may lead to a more aggressive form of the disease (Arends ef al,
1993; Nobbenhuis et al, 1999). HPVI16 has been shown to induce malignant
transformation without integrating into the host genome in contrast to HPV18, 31 and
35, which always seem to be present in an integrated state in malignant lesions (Pirami

et al, 1997; Badaracco ef a/, 2002; Hudelist ef af, 2004).
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HPV types are distinguished on the basis of their nucleic acid sequences. By definition
the sequence of a new type should be no more than 90% similar to existing types in the
L1 gene sequence for it to be classified as a new type (Torrisi ef a/, 2000). HPV types
are numbered in sequence according to their historic description. The Virus Reference
Centre at the German Cancer Research Centre in Heidelberg regulates this numbering
process. HPVs have been further classified into subtypes within a type if they show
between 90% and 98% homology to the corresponding type. In addition to this HPV can
be further classified into intratypes or type variants when there are differences in
homology of no more than 2% (de Villiers ef al, 2004). HPV variants differ in their
biological and chemical properties and pathogenicity. Based on sequence variation in
the L1, L2 and LCR regions, five naturally occurring geographical ciusters of HPV16
have been identified; European (E), Asian (As), Asian-American (AA), African-1 (Afl)
and African-2 (Af2). Intratypic sequence variation has also been found in the E2, E4,

ES, E6 and E7 genes of these variants (Giannoudis and Herrington 2001).

4.1.6 HPV typing methods

Traditional methods for HPV typing included the southern blot (Matsukura and Sugase,
1990), restriction fragment length polymorphism (RFLP) (Tucker ef a/, 1993, Hwang ef
al, 2003) and in situ hybridisation (Cooper ef al, 1991). Type-specific PCRs have also
been employed for the identification of specific types (O’Leary ef al, 1997, Chow e? ai,
2000). However, the choice of types to be amplified relies upon some previous
knowledge of the expected occurrence of each type in the population tested. Type-
specific PCR also requires successive rounds of amplification with each type-specific
primer and is labour intensive and costly. Recently developed methods include the HPV

DNA chip (Biomedlab Co., Seoul, Korea), (Lee e/ al, 2003) and the line-probe assay

110



(LiPa, Roche Molecular Biosystems), (Gravitt ef a/, 1998). Both of these are now

commercially available and allow identification of multiple HPV types in a single test.

Sequencing of the L1 gene is considered the gold-standard method for the identification
of HPV types (de Villiers ez al, 2004). Sequencing of PCR products does not allow for
multiple type identification, however, the predominant HPV type present in the sample
is preferentially amplified during the PCR reaction. An advantage of sequencing is that
it allows identification of persistent infection with the same HPV type over time.
Genotyping by PCR of the L1 gene followed by sequencing is the common method
performed (de Francesco e al, 2005). In this project, genotyping was performed by
sequencing of the MY09/11 PCR product. The MY09/11 primers were chosen as they
have the ability to amplify a wide range of HPV types and also have the potential to
bind to sequences of unknown HPV type due to the incorporation of degenerate bases

into the primer design.
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4,2 Methods

4.2.1 Correlation of multiplex HPV result with cytology

Detection of HPV by the multiplex PCR was evaluated with respect to cytology result.
For the purpose of analysis results were classified as either normal, borderline
(borderline nuclear changes including all cases of atypical squamous cells of unknown
significance (ASCUS) and glandular cells of undetermined significance (AGUS)),

CINI, CINII or CINIII. For statistical analyses CINII and I were combined.

4.2.2 Quantification of HPV using real-time PCR

MY09/11 LightCycler PCR for HPV quantitation

Real-time PCR for quantitation of HPV was performed on HPV positive samples using
the MY09/11 primers. An aliquot (5 pL) of each DNA sample was added to a reaction
mixture (15 pL) containing 2 mM MgCl,, 200uM deoxynucleotide triphosphates
(Invitrogen Ltd., UK.), 10 pmol primers (Sigma-Aldrich, U.K.), 1 U platinum Taq
polymerase (Invitrogen Ltd., UK.), 1 pL of 100X bovine serum albumin, (New
England Biolabs, U.S.A.), and 2 uL of (1:30000) dilution of SYBR Green™, (Sigma-
Aldrich, UXK.), (Appendix B). Samples were amplified on a Ligh/Cycler under the
following cycle conditions: an initial 5 min at 95°C for activation of the platinum 7ug
DNA polymerase, followed by 45 cycles of 5 s of denaturation at 95°C, 1 min of
annealing at 60°C, decreasing to 55°C at a rate of 1°C/cycle and 1 min of extension at
72°C. Data were obtained in the single acquisition mode after raising the temperature to
81°C. The MY09/11 PCR product amplified from HPV16 DNA extracted from CaSki
cell lines (American Type Culture Collection) was cloned into a pCR®2.1-TOPO®
(Invitrogen Ltd.) using the TOPO-TA Cloning kit (Invitrogen Ltd.) as per instruction

manual, and serially diluted cloned copies were used to create a standard curve (10° to
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10° copies) for quantitation of HPV copy numbers (Figure 4.1). These standards were
used to create a standard curve, which was imported into each assay and calibrated
using a sample of known copy number (Figure 4.2). The machine took a calculation of
MY09/11 copy numbers at the crossing point of each sample, during the exponential
phase of amplification. A melt curve step was included to confirm the amplification of
the 450 bp product. All PCR products were run on a 1% agarose gel stained with

ethidium bromide to confirm positivity.

Normalisation of results by quantitation of concentration of sample DNA

Real-time PCR results were normalised with respect to total DNA concentration of each
sample. The DNA concentration of each sample was estimated using the Hoechst 33258
DNA quantitation kit (Bio-Rad Laboratories, U.8.A) as per instruction manual. Briefly,
Hoechst 33258 is an excitable fluorescent dye, which binds to the minor groove of DNA
with a preference for AT sequences (Labarca et a/, 1980). Upon binding to double
stranded DNA the wavelength of the fluorescence output changes. These fluorescence
changes can be measured using an excitation wavelength of 360 nm and an emission
wavelength of 460 nm. Known concentrations of calf thymus DNA are used to
construct a standard curve from which the concentration of unknown samples can be
read. MY09/11 copy number for each sample was calculated per pug of total DNA to

control for possible differences in the cellularity of each sample.
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Figure 4.1. LightCycler PCR amplification curve of cloned HPV standards
standards. pCR®2.1-TOPO®MY09/11 standards ranging from 10° copies of HPV
MY09/11 PCR product to 10° copies per pL of extracted DNA
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Figure 4.2. Standard curve plot of MY09/11 standards for quantitation of HPV
copy numbers by LightCycler real-time PCR
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4.2.3 Hybrid capture (HCII, Digene, UK) analysis

DNA was extracted from each HPV positive sample as determined by the multiplex
PCR for HCII analysis. DNA was prepared using the Digene Sample Conversion Kit as
per manufacturer’s instructions, (Appendix D). Briefly, DNA was extracted from 4 mL
of PreservCyt sample by alkali denaturation at 65°C for 1 h. HCII was carried out using
high-risk probe cocktail for the detection of high-risk HPV types (16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, and 68) on 144/197 HPV positive samples (Appendix D). A cut-
off point of 1.0 relative light units/ cut-off value (RLU/CO) was set as per
manufacturer’s instructions. Samples that had RLU/CO of 1.0+/- 0.3 were retested.
Samples that were high-risk negative were tested for low-risk HPV using the low-risk

probe cocktail which tests for low-risk HPV types (6, 11, 42, 43, and 44).

4.2.4 Genotyping of HPV positive samples by sequencing

HPV positive samples were genotyped by PCR-direct sequencing. Cloning of positive
PCR products was not performed due to the large numbers of samples to be processed.
A unidirectional sequencing approach was adopted due to resource limitations, however
bi-directional sequencing would be ideal and would provide a method for verification of

the sequences obtained.

MY09/11 PCR

Cervical samples detected positive for HPV in the multiplex were amplified for the
MY09/11 450 bp product. PCR was optimized so that the reaction mix contained 12.5
puL DNA, 10 pmol of each of the forward and reverse primers of the MY09/11, 200 uM
deoxynucleoside triphosphates, 1X PCR buffer (containing 10 mM Tris HCI [pH 8.3],
50 mM KC1), 2 mM MgCl; and 1 U of Platinum 7ag DNA polymerase (Invitrogen Ltd.)

in a final volume of 50 pul. (Appendix B). The PCR was initiated by a 5 min
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denaturation and enzyme activation step at 95°C and completed by a 5 min extension
step at 72°C. The temperature cycles were as follows: 35 cycles of 1 min at 95°C, 1 min
at 57°C, and 1 min at 72°C. PCR was performed in a multiwell plate. PCR products
were visualised by electrophoresis of 2 L on 1% agarose gel. Samples that gave
weakly positive results were re-amplified from original DNA stocks and the PCR

products from the two reactions were pooled together.

Purification of PCR products

PCR products were purified to remove excess primers, nucleotides, 7ag polymerase and
salts using the GenElute™ PCR Clean-Up kit (Sigma-Aldrich) (Appendix F). Briefly,
DNA becomes bound to a silica membrane in a spin-column format; this is then washed
in an ethanol-based solution and eluted in a Tris-HCI based buffer. Purified PCR
product (2 pL) was analysed by 1% agarose gel electrophoresis to ensure that the PCR

product remained after purification.

Sequencing of PCR product

Purified PCR product (approximately 25 pul) was airdried with centrifugation in 1.5 mL
eppendorfs. Each sample was labelled using the prepaid barcode labels from MWG-
Biotech and their details entered on the online ordering system. MY11 primer (5 pL)
was enclosed at a concentration of 60 pmol for each sample. Samples were sent to
MWG-Biotech, Germany for sequencing using the “Value Read” sequencing service.
Samples were sequenced in one direction. Results were obtained using the E-com
system and specific HPV types were determined using the basic local alignment
sequences tool (BLAST) available on the National Centre for Biotechnology

Information (NCBI) website (www.ncbi.nlm.nih.gov).
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4.2.5 Statistical analyses

For statistical analyses of correlates of cytology, HPV, C. trachomatis, HPV and C.
frachomatis coinfection and smoking status, the Pearson Chi-Square test was
performed. All cases of CINH and CINII were grouped together for statistical analyses.
The association of HPV viral load with cytology was determined by analysis of variance
between groups (ANOVA). The median viral load and interquartile range for each
cytological category was calculated on log-transformed data. Differences in viral load
for each cytological category were examined for significance using the least square
difference test for multiple comparisons on log-transformed data. All statistical analyses

were performed using SPSS software version 11.0.
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4.3 Results

4.3.1 Overall cytological findings

Of the 997 cervical samples collected, 887 (88.9%) had normal cytology, 41 (4.1%) had
borderline cytology, 49 (4.9%) had CINI, 11 (1.1%) had CINII and 9 (0.9%) had CINIII
lesions respectively. Of the 996 women for whom age data was recorded, 187 were < 25
yrs, 401 women were between 25 and 35 yrs and 408 women were > 35 yrs. Borderline
cytology and CIN lesions were more common in women <25 yrs and were less common
in older women (P<0.0001), (Table 4.1). 21/41 {51%) of all women presenting with
borderline ¢ytology were in the 25 yr to 35 y age group as opposed to 12/4} (29%) in
the <25 yr group and 8/41 (20%) in the > 35 yr age group. Of women presenting with
CIN lesions, 26/69 (38%) were < 25 yrs, 31/69 (45%) were between 25 and 35 yrs and

12/69 (17%) were > 35 yrs (Table 4.1).

Table 4.1. Cytology result and age (n=996)

Age Category Cytology Total

Normal  Borderline® CIN®

<25 149 (80%) 12 (6%) 26 (14%) 187
25t0 35 349 (87%) 21 (5%) 31(8%) 401
> 35 388 (95%) 8 (2%) 12 (3%) 408
Total 886 41 69 996

*borderline nuclear changes, including atypical glandular and squamous cells of
undetermined significance

® cervical intraepithelial neoplasia
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4.3.2 HPV status in relation to cytology result and age

Of the 197 HPV positive samples, 101 had normal cytology (51.3%), 35 (17.8%) had
borderline cytology, 41 (20.8%) had CINI, 11 (5.6%) had CINII and 9 (4.6%) had
CINIII lesions. Of the 101 HPV positive cases with normal cytology, 75 (74%) were in
women under 35 years of age (Table 4.2). Borderline cytology and CINI lesions were
more common in HPV negative women under the age of 35 years than their older
counterparts (Table 4.2). Of the 197 HPV positive cases, the 25-35 years age group had
the highest number of borderline cytology and CINI cytology reports (Table 4.2). Of the
800 HPV negative samples, 786 (98.25%) had normal cytology, 6 (0.75%) had
borderline cytology, 8 (1%) had CINI, and no samples had CINII or HI lesions (Table

4.3).

Of the total samples collected in each cytological category, 101/887 (11.4%) of samples
with normal cytology, 35/41 (85.4%) of samples with borderline cytology, 41/49
(83.7%) of samples with CINI, 11/11 (100%) of samples with CINII and 9/9 (100%) of
samples with CINIIT were HPV positive (Table 4.3). HPV infection was strongly
associated with abnormal cytology (P<0.0001). HPV detection was 100% sensitive for
CINII and 1II lesions. HPV infection was associated with borderline cytology and CIN

lesions respectively (#<0.0001 and P< 0.0001).

4.3.3 Chlamydia trachomatis positivity in relation to cytology

Of the 54 C. trachomatis positive samples, 50 (92.6%) had normal cytology, 2 (3.7%)
had borderline cytology and 2 (3.7%) had CINI lesions. C. frachomatis infection was
not statistically associated with abnormal cytology (P=0.84). 11 women were coinfected

with HPV and C. trachomatis. 10/11 women coinfected with HPV and C. frachomatis
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had normal cytology, 1/11 had borderline cytology. Coinfection with HPV and C.

trachomatis was not associated with abnormal cytology (£=0.84).

Table 4.2. HPYV status, age and cytology result (n=996)

Cytology (No. of samples)

HPYV Status  Age Total
Normal Borderline® CINI® CINII CINII
<25 27 10 13 6 2 58
HPV
. 25-35 48 17 22 3 4 94
positive
>35 26 8 6 2 3 45
<25 122 2 5 0 0 129
HPY
) 25-35 301 4 2 0 0 307
negative
>35 362 0 1 0 0 363
Total 886 41 49 11 9 996

“borderline nuclear changes, including atypical glandular and squamous cells of
undetermined significance

b . . . . .
cervical intraepithelial neoplasia
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4.3.4 Relationship of smoking status to cytology result, HPV and C. trachomatis
status

Details of tobacco smoking were obtained for 706 of the 997 women in the study.
Overall, 191/706 (27.1%) of individuals smoked on a regular basis. 19.4% of the 191
smokers had some degree of abnormal cytology ie. evidence of either borderline
cytology or CIN lesions versus 7.4% of non-smokers (Table 4.4). Smoking was strongly

associated with abnormal cytology (£<0.0001).

The percentage of women within each category of abnormal cytology was higher for the
smokers than the non-smokers. Of the women who smoked 154/191 (80.6%) had
normal cytology, 16/191 (8.4%) had borderline cytology, 15/191 (7.8%) had CINI,
3/191 (1.6%) had CINII and 3/191 (1.6%) had CINIII lesions. Of the non-smokers,
477/515 (92.6%) had normal cytology, 15/515 (2.9%) had borderline cytology, 16/515
(3.1%) had CINI, 6/515 (1.2%) had CINII and 1/515 (0.2%) had CINIII lesions

respectively (Table 4.4).

Of the women who smoked 46/191 (24%) had HPV infections and 15/191 (8%) had C.
trachomatis infections. Of the non-smokers, 80/515 (16%) had HPV infections and
23/515 (4%) had C. trachomatis infections (Table 4.5). Smoking was associated with
both HPV and C. frachomatis infections (P=0.008 and P< 0.001). Four of 191 (2.1%)
smokers were coinfected with HPV and C. trachomatis versus 2/515 (0.4%) non-

smokers (Table 4.5).
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4.3.5 Real-time PCR quantitation of HPV viral load

Real-time quantitative PCR was performed on 194/197 HPV positive samples.
Individual resuits for each cytological category and for normal versus abnormal
cytology were analysed visually by scatterplot (Figures 4.3 and 4.4). The overall median
viral load was 1.5 x 10° HPV/ pg total DNA. HPV load was higher in samples with
abnormal cytology as opposed to normal cytology (Table 4.6), (Figure 4.5), (P<0.001).
Samples with borderline cytology had significantly higher viral load than samples with
normal cytology (P=0.001). The median viral load of samples with CINI and CINII/III
lesions was higher than samples with borderline cytology, however this was not
statistically significant (P=0.15 and P=0.9), (Figure 4.5). Viral load did not increase
with grade of CIN. The median viral load of CINI lesions was higher than CINII/III
lesions (Table 4.6), (Figure 4.5). Viral load was not associated with grade of CIN

(P=0.66).

Table 4.6. HPYV viral load and cytology result

Cytology 25™ Percentile® 75" Percentile® Median®
Normal (n=98) 6.2 x 10° 2.7 x 10 52x10°
Borderline (n=36) 2.5 x 10° 3.5 x 107 2.2 % 10°
CINT (n=40) 2.7 x 10° 7.8 x 10 1.8 x 10
CIN IVHI (n=20) 7.1 x10° 5.4 x 10° 8.8 x 10°

*HPV copies/ pg total DNA
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Figure 4.5 Median and interquartile range of HPV viral load for samples with

normal or borderline cytology and CINI and CINII/III lesions respectively

4.3.6 HPV genotype prevalence

132/197 HPV positive samples were genotyped by sequencing. 20 HPV genotypes were
identified (Appendix G). The most common genotypes in descending order were 16, 18,
66, (53 and 33), 6, 61, (70, 31 and 58), 83, (81, 62, and 68), (59 and 54), and (73, 52,
11, and 84) (Table 4.7, Figure 4.6). High-risk HPV genotypes predominated. 97/132
(74%) typed samples contained high-risk HPV types and 35/132 (26%) contained low-
risk HPV types. 41/66 (70%) of HPV positive samples with normal cytology and 18/23
(78%) of HPV positive samples with borderline cytology were high-risk positive (Table

4.7). 27/31 (87%) of HPV samples with CINI lesions and 10/12 samples (83%) of
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samples with CINII and III lesions were high-risk positive (Table 4.7). The most
common HPV type in each cytological category was HPV16 except for the borderline

smear category where HPV66 was the most dominant.

No. of sambles

T

16 18 31 33 52 5354 5859 666873 6 11 61 62 70 8183 84 88
< > < >

High-risk HPV genotypes Low-risk HPV genotypes

Figure 4.6. Genotype distribution of high and low risk genital HPV types in an

Irish female population
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4.3.7 Hybrid capture (HCII, Digene, UK) analysis

144/197 HPV positive samples were tested using the HCII assay. 107/144 (74%)
samples tested positive for HPV using the HCIT assay. 95/144 (66%) of the HPV
positive samples tested were positive for high-risk HPV. When tested using the low-risk
probe, a further 12 samples were positive for low-risk HPV. Of 100 samples tested by
HCH that were also genotyped, HCII detected 19/21 (91%) HPV 16 samples and (5/12)

42% of HPV18 samples (Table 4.8).

34 samples, which were HPV positive using multiplex PCR, were neither high nor low-
risk positive by HCIL. 20 of these 34 HCII negative samples were genotyped. Twelve
samples contained types outside of the range detected by the HCII assay. These
genotypes were 53, 54, 61, 62, 70, 81, 83, 84. Thirty-three of these 34 samples were
quantified using real-time PCR. The range of HPV load was between 1.2 x 10% and 2.1
x 10% and the median was 2 x 10° HPV/ug of total DNA. The HCII probe cocktail mix
cross-reacted with some but not all samples containing high-risk types 53, 54 and low-
risk types 61, 70, 83, 81, 62, and 84 which are not tested for in either the high or low
risk probe cocktail mix (Table 4.8). All HPV positive samples genotyped as HPV66
were detected by HCII even though these types are not tested for in either of the HCII

probe cocktail mixes (Table 4.8).
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Table 4.8. HPV genotype and detection by hybrid capture (HCII)

HCIT? No. of HCTI No. of samples
HPV type  test Risk" samples detected by HCII
probe tested

16 HR high 21 19
18 HR high 12 5
31 HR high 4 4
33 HR high 8 8
58 HR high 5 5
68 HR high 2 2
6 LR low 7 7
11 LR low 1 1
53 ND high 8 6
54 ND high 1 0
6l ND low 5 4
62 ND low 3 2
66 ND high 12 12
70 ND low 4 3
81 ND low 3 1
83 ND low 3 I
84 ND low 1 0
Total 100 80

* Included for testing using the HCII high-risk probe (HR), low-risk probe (LR) or not
tested for by either probe (ND)
® Classified as high or low-risk according to Munoz ef al, 2003

* Classified as low-risk according to de Villiers ef al, 2004
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4.4. Discussion
In this chapter the HPV infections in an Irish female population were further
characterised. The relationship of HPV to cytological abnormalities and risk factors for
cervical disease such as smoking, HPV viral load and genotype was explored. HPV and

C. trachomatis infection were examined as predictors of abnormal cervical cytology.

4.4.1 Overall cytological findings

The overall cytological findings in 997 cervical liquid-based samples were assessed in
terms of age and grade of abnormality. This is the first Irish study of such magnitude to
relate cytology results to age, HPV status and cigarette smoking in a healthy
asymptomatic opportunistically screened population. The majority of women presenting
for screening were over the age of 25 years which is representative of the child-bearing
population in Ireland and the majority (90%) of cervical smears were cytologically
normal, followed by borderline diagnoses (4%), CINI lesions (5%), CINII (1%) and
CINIII lesions (1%). In the UK., Cuschieri ef al, {2004) also reported that 90% of all
cervical smears were cytologically normal. The prevalence of cervical abnormalities
was more common in the under 25 yrs age group and prevalence decreased with age.
This trend has been reported previously (Lawson ef af, 1998). Cervical abnormalities,
particularly high-grade lesions, have been reported to be more prevalent in the less than
25 yrs age group in Ireland previously and are thought to be on the increase (Treanor ef
al, 2002). The highest incidence of CIN lesions detected was in the 25-35 yrs age group,
followed by the under 25 yrs group indicating that women 25-35 yrs should be more
closely monitored for the development of CIN lesions than their older counterparts. It
has been suggested previously that the best opportunity for preventing invasive

squamous cervical carcinomas lies in screening women aged 20-39 yrs when the
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incidence of CINIH is highest (Herbert and Smith, 1999). Results of our study support

this.

4.4.2 HPV and C. trachomatis as predictors of cervical abnormalities

In this study it was determined that the value of pan-HPV testing using consensus
primers would be as a negative predictor of neoplasia since 98% of HPV negative
samples had normal cytology and no samples with high-grade epithelial lesions were
detected that were HPV negative. Pan-HPV testing was 100% sensitive for both CINII
and CINIII lesions respectively. HPV testing has been demonstrated previously to have
a high sensitivity for the detection of high-grade lesions (Bigras and de Marval, 2005)
and most studies have demonstrated a high negative predictive value of HPV testing in

primary screening (Cuzick ef al, 1999a; Cuzick ef al, 2000; Rozendaal ef af, 2000).

A number of studies have reported on the positive predictive value of pan-HPV testing
by consensus PCR in the detection of cervical disease (Cuschieri ef a/, 2004; Kalantari
et al, 1997). In a recent study, which used PCR for HPV detection using the MY09/11
primers, the prevalence of HPV was significantly higher in women with evidence of
squamous intraepithelial lesions than in normal cytology (Beby-Defaux ef al, 2004). In
another similar population based HPV prevalence study using consensus primers for
HPV detection, HPV was found in 12.7% of negative cytology cases, 85% of borderline
cytology, 96% of mild abnormatities and 94% of high-grade disease (Cuschieri ef a/,
2004). We reported similar prevalences in these cytological categories of 85% HPV
prevalence in borderline cytology cases, 84% in CINI lesions (mild cytological

abnormalities) and 100% in CINII and III lesions (high-grade disease).

133



Approximately half of all HPV positive samples in this study had normal cytology
reported. Numerous studies have reported high prevalence of HPV in normal smears. A
study by Golijow er al, (2005) demonstrated a HPV prevalence of 30% in normal
smears. Kalantari ef al, (1997) showed that 69% of cytologically normal cases were
HPV positive by MY09/11 PCR but that the majority of these were HPV6 genotype
(Kalantari ez al, 1997). In our study, genotyping of a representative fraction of
cytologically normal HPV positive cases showed that 62% of these were high-risk
infections. While the prevalence of HPV6 was greatest in the cytologically normal
group as opposed to other cytological categories the most likely explanation for such
high prevalence of HPV in the cytological normal samples was young age (Table 4.2).
HPV DNA detection in normal smears is more common in younger women than in
older women, therefore HPV testing as a primary screening tool has been recommended
only in the screening of women >30 years of age (Herrington, 2001). From our study, it
can be concluded that the absence of HPV DNA, as determined by consensus PCR
amplification may be more clinically useful than its presence in the prediction of

development of cervical disease.

In our study neither C. frachomatis infection alone nor HPV and C. trachomatis
coinfection were statistically associated with abnormal cytology. 93% of C. frachomatis
infected samples and 91% of coinfected samples had normal cytology. While C
trachomatis infection has been associated with increased risk of cervical cancer (Smith,
2004) few studies are available on the prevalence of C. trachomatis in abnormal
cervical smears (Friedek ef af, 2004; Fischer, 2002; Castle ef a/, 2003a), and the role of
C. trachomatis infection in the development of cervical cancer is unclear. Some studies
have cited C. frachomatis as a cofactor in the development of cervical lesions (Fischer,

2002) while others have not found any association between C. frachomatis infection and
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neoplasia (Castle ef al, 2003a; Friedek ef al, 2004). More recent studies suggest a
possible role of C. frachomatis infection in the maintenance of persistent HPV
infections (Silins e al, 2005; Samoff ef al, 2005). As C. trachomatis was detected in
only 54 samples (5.4%) and concomitant C. trachomatis and HPV infections were
detected in only 1% of our population, a study of greater magnitude would be necessary

to make any accurate association between C. frachomatis infections and cytology.

4.4.3 Smoking status as a risk factor for cervical neoplasia and HPV and C
trachomatis infection

This is the first study conducted in Ireland examining smoking status in relation to
cervical cytology, HPV and C. #rachomatis infection. Smoking was significantly
associated with abnormal cytology. Borderline cytology, CINI, CINII and CINIII
lesions were more commonly found in smokers than in non-smokers. Only 81% of
smokers had normal cytology compared to 91% of non-smokers. Other studies have
demonstrated an association between current smoking and abnormal cytology, with
some demonstrating a 2-fold increase in the risk of cervical cancer and a reduced
survival rate in early stage carcinoma (Shiels ef a/, 2004; Wright ef al, 2005). Greater
smoking intensity and duration have also been associated with increased risk (Mclntyre-
Seltman ef a/, 2005). In a recent study, women with mildly abnormal cervical smears
who were infected with oncogenic HPV and also smoked were three times more likely
to be diagnosed with CINIII disease or higher than non-smokers (McIntyre-Seltman er
al, 2005). In our study, smoking was significantly associated with HPV and C.
trachomatis infections. Other studies have also demonstrated a positive association of
HPV and C. frachomatis infection with current smoking (Boardman ef af, 2005; Zbroch

et al, 2004).
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4.4.4 Association of viral load with abnormal cytology

The use of HPV viral load as a predictor of neoplasia remains controversial. One of the
investigations conducted as part of this study was to determine if viral load was
associated with abnormal cytology and to determine if viral load increased with grade of
cervical abnormality. Overall, it was shown that abnormal cytological specimens had a
higher viral load but no statistical difference between low-grade lesions and high-grade
lesions was observed. High viral load has been linked with increased risk of
development and the progression of cervical disease (Monnier-Benoit e/ al, 2005,
Josefsson ef al, 2000). Bigras and de Marval (2005) who assessed the viral load of
1,143 HPV positive samples also showed that higher viral load was associated with
abnormal cytology. Gravitt ef af, (2003a) in a study which compared real-time PCR
with HCII for viral load determination showed that cumulative HPV viral load,
indicated by HCII, could distinguish between cytologically normal women and women

with abnormalities.

In our study women with borderline cytology (ASCUS/AGUS) had elevated HPV viral
load when compared to women with normal cytology. It has been suggested that viral
load may be a good indicator of women with borderline cytology who are at higher risk
of development of CIN. Viral load data from the American ALTS study, which tested
2,198 women with ASCUS, based on cumulative viral load estimation by HCII analysis,
found that women who were diagnosed with an histologically confirmed CIN had
higher viral load than women with negative histopathology or colposcopy (Sherman ef
al, 2002). Santos et af, (2003) found that higher viral load in ASCUS/LSIL was
associated with the diagnosis of CINII and IIT lesions on colposcopy. In our study,

samples with CIN lesions had a higher viral load than samples with borderline cytology.
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It has been suggested that HPV viral load can be used to determine grade of CIN and
that viral load increases with disease severity (Healey ef a/, 2001; Sun et al, 2002;
Dalstein ef af, 2003) but other studies have refuted this theory (Clavel ef al, 2001; Bory
et al, 2002; Lorincz ef al, 2002; Sherman e al, 2002). In this present study cumulative
viral load was not linked to grade of CIN. Sherman et a/, (2003) reported that the mean
and median of HPV load associated with different grades of CIN were similar, ranged
widely and showed considerable overlap when stratified according to number of HPV
types detected. Even after adjusting for the number of HPV types detected, HPV load
could not specifically identify patients with CINIIL In the same study, cases of CINIII
in which CINI or 1I were not found in the surrounding mucosa were associated with
lower viral load than cases in which CINIII lesion were surrounded by CINL In CINIII
cases, productive HPV infections of CINI lesions may account for the high viral load in
particular in HPV infected cases of multiple types (Sherman ef a/, 2003). In cytology
the clinical diagnosis represents the most severe pathology present in the smear. Thus
high-grade lesions may also contain areas of lower grade neoplasia therefore
heterogeneity may complicate the use of viral load as a predictive or prognostic
indicator. Fluctuation in HPV viral load over short time intervals may also affect the

accuracy of point prevalence measurements (Wheeler ez al, 1996).

In our study, viral load decreased from CINI to CINIVIII, however this decrease was
not statistically significant. A study by Peitsaro ef a/, (2002) on the integration status of
HPV suggested a decrease in viral load following the selection of integrated cell clones
preceeding the development of CINIIL In the mouse polyomavirus-induced lymphoma
model it was found that the quantity of viral early RNAs yielded by a single integrated
copy was the same as that yielded by several thousand extrachromosomal copies of the

viral genome (Mazur ef a/, 1995). The significance of high viral load may not be in the
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production of huge quantities of transforming proteins but rather by creating a local
environment where the chances of genomic integration are higher. It can be postulated
that in high-grade lesions where integration rates are higher than in low-grade lesions
(Ueda et al, 2003), particularly preceeding early stage carcinoma, production of high
viral load is no longer a necessity. Further studies relating viral load, grade of lesion and
viral mRNA expression are needed to determine the biological relationship between
HPV load and grade of neoplasm. Some studies have suggested that the link between
grade of CIN and viral load is type restricted and is particularly associated with HPV16

(Moberg et al, 2005; Swan ef al, 1999; Lo et al, 2005).

4.4.5 HPV genotype prevalence

This is the first Irish study to generate population-based HPV genotype prevalence data.
To date, two other studies have been performed in Ireland that involved HPV
genotyping. One of these involved genotypic mapping of adenocarcinoma tumours
(O’Leary ef al, 1997) while the other correlated HPV status with cellular biomarkers
predictive of squamous and glandular preinvasive lesions (Murphy ef af, 2005). As
reported by other studies, high-risk types predominated (Cuschieri ef al, 2004). A
similar proportion of infections were identified as high-risk by sequencing and HCII
(74% versus 66%). High-risk HPV types were the most common types detected in all
grades of cytology in this present study including normal smears. This has been

reported by other studies (Munoz ef al, 2004; Riethmuller ef a/, 1999).

In our study the most common high-risk types were HPV16 and 18, These genotypes
were found in other European based studies. A recent German population-based study
on 2,916 cytology samples, with a HPV prevalence of 32.5% identified 39 different

HPV types by sequencing. HPV types occurring, in order of frequency were; 16
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(26.2%), 31 (10.1%), 6 (5.7%), 18 (5.3%), 58 {4.5%), 61 (4.5%), 53 (4.4%), 42 (4.3%)
and 51 (4%). Other types were detected at frequencies of 4% and all other types were
detected only once (Speich ef al, 2004). In a recent Danish study, the most commonly
occurring high-risk types in order of prevalence were 16, 31, 33, 18, 58, 52 and the most

commonly found low-risk types were 6, 53 and 11 (Johnson ef af, 2003).

Interestingly, the third most common HPV type detected in this Irish cohort was
HPV66, which was detected at a frequency of 11%. HPV66 has not previously been
identified in the Irish population, however this may be as a consequence of using typing
methods that do not identify a wide range of HPV types. Other studies in which HPV66
has been detected, have involved the application of the line-probe assay or direct
sequencing of consensus HPV PCR products (Speich ef ¢/, 2004; Johnson ef al, 2003).
In these studies HPV66 was detected at moderate frequencies of 2% and 4% (Johnson ef
al, 2003; Speich et af, 2004). In a study by Melchers ef al, (1999) conducted in the
Netherlands, which used the LiPa assay and sequencing to identify HPV types in
various grades of cytology, HPV66 was the second most common high-risk type
identified. The study was based on the repeat cytology and colposcopy results of
women who had previously had an abnormal smear. HPV66 was associated with
abnormal cytology and was found in women with borderline cytology, low-grade
lesions and high-grade lesions but was most common in the borderline cytology group.
In our study 10/14 cases of HPV66 identified occurred in women under 30 years of age
(Appendix G) and all but three cases of HPV66 were associated with abnormal
cytology. Where HPV66 was identified in CINII/III lesions, these were in women in
their early twenties. It is possible that this highly prevalent HPV66 is newly emerged
among the young Irish population and may be contributing to the recent trend of

reduced age of newly diagnosed women with high-grade lesions. It is proposed to verify
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the HPV66 genotyping results by sequencing the MY09/11 PCR products in the

opposite direction to that previously performed.

HPV16 and 18 are the most commonly found HPVs worldwide although they are only
distantly related to one another and form two separate phylogenetic branches each
including 6 closely related types (Prado et a/, 2005). A third phylogenetic branch of
high-risk HPV types has been identified unrelated to either HPV16 or 18. It includes
types 30, 53, 56 and 66 (Prado ef a/, 2005). In our study types 66 and 53 accounted for
18% of overall HPV types and 19% of all high-risk types. HPV16 was the most
common type in the normal, and CIN cytological categories while HPV66 was the most
common type in borderline smears. Significantly this type is not tested for as part of the
high-risk probe cocktail in the HCII assay but all samples typed as HPV66 were
identified by the HCII assay indicating either cross-reactivity of the HCII probe cocktail
with types outside of the assay range or multiple type infections. Based on these
findings the utility of the HCII HPV test for the triage of Irish women with abnormal
smears would be questionable. Further genotyping studies on a larger cohort of women

with borderline smears are warranted in this respect.

In this study, 26% of multiplex HPV positive samples were not positive by HCII testing
for 18 types. The reason these were not detected may be because the median viral load
of these samples was lower than the overall median and HCII was performed on
samples stored past the recommended three-week storage period. Another explanation
may be the presence of HPV types outside the range of those detected by the HCII test.
In a recent study by Johnson er al/, (2003), 17% of HPV infections genotyped by
sequencing would not have been identified by HCIL In the present study 20 samples
which were multiplex PCR positive but HCII negative were genotyped and found to

have high-risk HPV types 53, 54 (not tested for in the HCII assay) and the remainder
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not detected by HCII were low-risk types. However, not all samples containing HPV53
were undetected by HCI. The ability of HCII probes to cross-react with other HPV
types in particular HPV53, 54 and 66 has been documented previously (Castle ef ai,
2002; Poljak ef al, 2002). A limitation of PCR-direct sequencing is that multiple HPV
infections cannot be identified, however it is presumed that the dominating HPV type
present 1s preferentially amplified. The linear array assay (LiPa, Roche Molecular
Biochemicals) is a newly developed commercially available assay, which enables
multiple HPV type detection. Studies to determine the suitability of the LiPa assay for

clinical application in cervical cytology triage will be important in the future.
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4.4.6 Summary

Summary

¢ Data was generated on the age-related prevalence of cervical cytological
abnormalities.

¢ HPV detection by MY09/11 PCR was 100% sensitive in the detection of
CINII and ITI lesions.

e C. trachomatis infection and concomitant HPV and C. trachomatis infection
were not significantly associated with abnormal cytology.

e Current smoking was associated with abnormal cytology and positivity for
HPV or C. trachomatis.

» Viral load was higher in abnormal and borderline cytology versus normal
smears.

e HPV viral load was not associated with grade of CIN lesion.

¢ Highrisk HPV genotypes predominated in all cytological categories
including normal.

¢ HPVI16 and 18 were the most common high-risk types followed by types 66,
53 and 33 (also high-risk).

e HPV6 was the most common low-risk type followed by 61 and 70.
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CHAPTER 5

Discussion
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HPV and C. trachomatis are the two most common sexually transmitted organisms to
infect the female genital tract (Clifford ef a/, 2005; Beagley and Timms, 2000). C.
trachomatis is a major cause of morbidity for women of reproductive age and is a
contributor to the incidence of subacute conditions such as cervicitis and urethritis and
more serious sequelae such as pelvic inflammatory disease, ectopic pregnancies and
infertility (Paavonen et al, 1999). High-risk HPV infection is widely accepted as the
progenitor of cellular abnormalities, which may progress to neoplasia and invasive
cervical cancer in a small number of cases (Walboomers ef a/, 1999). Since the
development of the Pap smear in the 1950’s, there has been a dramatic fall off in the
numbers of cervical cancer cases and mortalities in screened populations (Peto e af,
2004). However, this decrease in incidence in populations where screening is successful
has plateaued, due to the technical limitations inherent in the cervical Pap smear (Peto ef
al, 2004). Recently, there has been a drive to improve cellular preparation methods for
cytological screening through the development of liquid based cytology (Sherman ef af,
1997). A revolutionizing feature of the new liquid based cytology preparation methods
is that not only does the new technology provide enough cellular material for extra
smear tests if needed but also that nucleic acids can be extracted from the residual cells.
Ancillary molecular testing may be performed on these samples, which may provide
further information on the sexual health of the individual (Cuschieri ef al, 2005; Keegan
et al, 2005b). The introduction of liquid based technology has created a platform, which
may permit the development of a more integrated approach to women’s sexual health

issues.

One of the aims of this project was to investigate and develop inexpensive and robust
nucleic acid based methods for the detection of HPV and C. trachomatis from liquid
based PreservCyt cervical cytology samples and then to apply this technology to

generate data on the prevalence and nature of these infections in the Irish female
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population undergoing routine opportunistic cervical screening. As part of the project, a
study was undertaken to investigate the feasibility of DNA extraction from PreservCyt
using three DNA preparation procedures. A significant factor in the design of any large-
scale screening study is cost, particularly if the study is being conducted in the context
of a research setting. The efficiency of DNA extraction for the detection of C.
lrachomatis was investigated using two inexpensive in-house methods and one
commercially available DNA extraction kit. Variability was encountered both in the
quantity of C. trachomatis DNA liberated by the three extraction methods as determined
by real-time quantitative PCR and also in the quality as measured by the success of PCR
amplification of a large amplicon of the monp gene, but amplification was most

successful using the commercial QIAamp kit (Keegan ez al, 2005a).

The current trend in molecular diagnostics is towards kit-based standardized methods
for both nucleic acid extraction and molecular testing. Often nucleic acid extraction
procedures, such as that for Digene HCII are integrated as part of the whole testing
procedure with each individual manufacturer providing their own transport medium and
collection devices which must be used in conjunction with the testing kit to achieve
valid results (Layfield and Qureshi, 2005). Apart from the cost of this, a major
disadvantage is the inability to use the same sample for multiple diagnostic tests. A
standardized kit based protocol for DNA extraction, which would be suitable for
multiple types of nucleic acid based tests is desirable. Automated extraction is also
under development, to facilitate large-scale testing for C. trachomatis and HPV from

liquid-based cervical samples (Cuschieri ez a/, 2003).

During the second part of the project a multiplex PCR was developed by combining

well characterised primers in a multiplex format for the simultaneous detection of HPV
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and C. trachomatis. The multiplex was highly sensitive for the detection of HPV (89%)
and C. trachomatis (100%). Sensitivity was comparable to that of other commercial
tests for these organisms. The multiplex was adapted to a multiwell format, which
afforded lower cost and higher throughput of samples than single testing making it ideal
for population screening studies in resource limited settings. Few studies have explored
the potential for screening for a number of sexually transmitted agents from PreservCyt
samples (Hopwood ef al, 2004; Koumans e/ a/, 2003) by molecular based methods with
fewer still investigating screening for both HPV and C. trachomatis (Samoft et al, 2005;
Tabora ef af, 2005). This is the first study to date to use multiplex PCR for the detection

of both HPV and C. trachomatis from PreservCyt samples (Keegan ef al, 2005b).

The establishment of baseline prevalence data is of prime importance before the
introduction of population testing for any organism. Other Irish studies have reported
the prevalence of these organisms in selected cohorts of limited numbers including
males attending a university gym or orthopaedic clinic (Powell e al, 2004), high-risk
populations (Mohammed ef a/, 1984) or in samples with prior pathological evidence of
infection (O’Leary ef al, 1997; Skyldberg et al, 1999). No Irish studies on HPV or C.
trachomatis prevalence have been conducted of this magnitude. This is the first study to
generate population prevalence data on HPV and C. trachomatis infections in the

female Trish population.

In our study a 5% C. rachomatis prevalence rate was detected. This compares well to
the European average and emphasises the need for investigations into the possibility of
C. trachomatis screening in Ireland (Wilson ef af, 2002). In 1999, in the UK. a pilot
screening project of 16,930 women recorded an overall prevalence of 9% (Pimenta e

al, 2003). Following this, the National Chlamydia Screening Programme was
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established in 2002. The programme has identified a prevalence of 10.1% in women
less than 25 years of age outside of GUM setting (La Montagne et al, 2004). Our
findings showed a prevalence of 10% in this same age group. Following from this study
we conclude that the prevalence of infection in the less than 25 years age group, outside

of GUM clinics is substantial and may warrant opportunistic screening.

Previous studies have shown that offering C. frachomatis screening to women under 25
years of age appears effective even in a setting with low to moderate prevalence rates
(3%-6%), (Nelson and Helfand, 2001). Current guidelines from the CDC recommend
that all sexually active women under 20 years of age are tested and women between 20
and 24 years if any of the following risk factors is present: inconsistent use of barrier
contraceptives, or a new sexual partner or multiple sexual partners during the previous
three months and women greater than 24 years of age if both risk factors are present
(Peipert, 2003). In Sweden and parts of the USA where there are screening programmes
for C. trachomatis the incidence of pelvic inflammatory disease, ectopic pregnancies

and their sequelae has fallen dramatically (Kamwendo et al, 1998).

A review of 10 studies performed on the cost-effectiveness of screening for C.
frachomatis found that screening is cost effective at a prevalence of 3.1% -10% (Honey
et al, 2002). Based on our findings of a prevalence of 5.4% or 10% in women under 25
years of age, using these criteria, screening of the Irish population would be cost

effective if age was used as a selection factor.

In our study a HPV prevalence of 20% was detected. Reports of HPV prevalence vary
considerably worldwide. Prevalences of 27%, 13%, 26%, 28% and 62% have been

reported in Australia, Gambia, Nigeria, China and Mexico respectively (Brestovac ef al,

147



2005b; Wall er al, 2005; Thomas ef al, 2004; Shen et al, 2003; Haws ef al, 2005).
Within Europe HPV had been reported in 14%, 33% and 20% of French, German and

UK populations (Boulanger e a/, 2004; Speich ef a/, 2004 and Cuschieri ef a/, 2004).

Great variation in HPV prevalence also exists in different population cohorts within
countries. One study conducted in Vietnam reported a significant difference in HPV
prevalence in the North (Hanoi; 2%) versus the South (Ho Chi Minh City; 10.9%) of the
country (Pham ef a/, 2003). While in the USA a systematic review of studies published
in the last decade on HPV prevalence in adolescent women revealed a range in
prevalence of between 14% and 90% with the highest prevalence of infection in college
students and those attending STD clinics identifying them as target populations for
prevention interventions (Revzina and Diclemente, 2005). Our study was conducted in
an urban setting and included areas of high population flux with large numbers of
people living in rented accommodation as well as areas of more settled residential
accommodation; therefore, it is a good representation of a modern urban Trish

population.

In our study the correlation of HPV presence with cytological findings demonstrated the
high predictive value of a negative HPV test result. All high-grade lesions were HPV
positive. When cytology result was correlated with age it was found that the prevalence
of CIN lesions was greatest in women less than 25 years of age (Table 4.1). Under the
anticipated Irish Cervical Screening Programme it is proposed to offer cervical
screening to women of 25 years of age and older. Our results suggest the potential
inadequacies of the screening programme with respect to the recommended testing age.
Apart from HPV, other risk factors have been identified that increase the risk of cervical
cancer such as current and past smoking (Matos ef @/, 2005; McIntyre-Seltman er ai,

2005). Another aim of our study was to establish the link between current smoking and
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abnormal cytology. The incidence of smoking was elevated in all grades of cervical
abnormalities confirming previous reports of this association (Harris er al, 2004;
Boardman ef al/, 2002). Moreover, current smoking emerged as an associated

behavioural risk factor for both HPV and C. frachomatis infection.

Acquisition of high-risk HPV is thought to be the single most important risk factor in
the development of cervical cancer. In our study both genotyping by sequencing and
determination of oncogenic risk by HCII classified the majority (74% and 66%) of HPV
infections as high-risk. HPV16 and 18 followed by types 66, 33 and 53 respectively
were the most commonly occurring high-risk types. Type 16 was the most commonly
occurring type in all grades of cytology except the borderline category where type 66
predominated. Much research worldwide has focused on the pathogenesis of HPV16
and 18 with little attention paid to newly emerging and less prevalent oncogenic types
such as types 66 and 53 (Prado ef a/, 2005). In our study the majority of HPV66
infections were associated with abnormal cytology and were more commonly seen in
women in their twenties. Given the increasing trend of Irish people towards extended
periods of worldwide travel during their twenties, it is possible that HPV66 may
represent a newly introduced HPV type in Ireland with the capacity to reduce the mean
time from acquisition of the virus to invasion. Based on these findings, any future HPV
testing to be employed as part of a cervical screening algorithm should be capable of
detecting HPV66, something that the currently available HCH cannot do. Studies on
newly emerging HPV types are warranted particularly those involved in coinfections
with known oncogenic types. Few commercially available systems have the ability to
specifically type and also detect multiple infections. The LiPa Assay (Roche Molecular
Biosystems) is one of the few systems to embrace this challenge. A growing number of
studies are employing this method due to its ease of application and ability to identify

persistent HPV infection (Cuschieri ef al, 2004). Another recent technological advance

149



in the area has been the development of HPV DNA microarrays, which have the ability
to detect and type HPV (Delrio-Lafreniere ef al, 2004). The most common low-risk
types reported in this study were types 6 and 61. As reported previously, the ability of
HCII to detect HPV types outside that of the range of the probe cocktail was

demonstrated (Poljak ef al, 2002).

Another emerging area of HPV diagnostics is the determination of viral load. While
numerous studies on HPV viral load have been conducted, the value of HPV viral load
as a prognostic or diagnostic indicator has not yet been established. As seen in other
studies, we demonstrated an association of HPV viral load with abnormal cytology
(Monnier-Benoit ef al, 2005; Josefsson ef af, 2000). Other groups linked increasing viral
load to increasing disease severity (Healey ef af, 2001; Sun ef al/, 2002). Our study
demonstrated a significant difference in viral load between borderline cytology cases
and those with neoplastic lesions. However, an association between viral load and grade
of lesion was not observed. The relationship of viral load to disease severity in samples
with HPVs other than type 16 has not been well explored (Flores ef af, 2005; Ho ef al,
2005) and further studies exploring the association of viral load with oncogenic HPV
types other than HPV16 are necessary before the full potential of viral load can be

evaluated.

Current developments in the area of HPV research include the investigation of a
HPV16/18 combined prophylactic vaccine by two leading pharmaceutical companies
Merck and Glaxo-SmithKline. This combined vaccine is based on virus like particles of
the L1 and L2 genes and is type-specific. While approximately 70% of cervical
squamous carcinomas worldwide have been attributed to HPV16 or 18, the efficacy of

the vaccine will vary as the prevalence of these types varies worldwide. The vaccine
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will be targeted at adolescents but it will take many years for the effects to be realised.
In addition to this, neoplasia arising from other oncogenic types will not be prevented,

unless a multivalent vaccine is developed.

More immediately, developments in the area of cervical screening in Ireland include the
possible rollout of a national cervical screening programme and the introduction of
commercial HPV DNA testing by HCIIL. The Irish Health Service Executive is currently
examining the need for a C. frachomaiis screening programme. Together the results
presented in this study may provide some valuable epidemiological data for clinicians
involved in the decision-making processes on these and future issues pertaining to HPV

and C. frachomatis infections in the Irish population.
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Appendix A: QlAamp DNA extraction protocol

1. Pipet 20 pL QIAGEN Protease into the bottom of a 1.5 mL microcentrifuge
tube.

2. Add 200 ul sample to the microcentrifuge tube.

3. Add 200 uL Buffer AL to the sample. Mix by pulse-vortexing for 15 s.

4. Incubate at 56°C for 10 min,

:Jt

Briefly centrifuge the 1.5 mL microcentrifuge tube to remove drops from the mside
of the lid.

6. Add 200 ul ethanol (96-100%) to the sample, and mix again by pulse-vortexing for
15 s. After mixing, briefly centrifuge the 1.5 mL microcentrifuge tube to remove drops
from the inside of the lid.

7. Carefully apply the mixture from step 6 to the QlAamp Spin Column (in a 2 mL
collection tube) without wetting the rim, close the cap, and centrifuge at 6,000 x ¢
(8,000 rpm) for 1 min. Place the QlAamp Spin Column in a clean 2 mlL collection tube
and discard the tube containing the filtrate.

8. Carefully open the QlAamp Spin Column and add 500 ul. Buffer AW1 without
wetting the rim. Close the cap and centrifuge at 6,000 x g (8,000 rpm) for T min. Place
the QlAamp Spin Column in a clean 2 mL collection tube and discard the collection
tube containing the filtrate.

9. Carefully open the QlAamp Spin Column and add 500 uL. buffer AW2 without
wetting the rim. Close the cap and centrifuge at full speed (20,000 x g; 14,000 rpm) for
3 min.

10. Place the QIAamp Spin column in a clean 1.5 mL microcentrifuge tube and discard

the collection rube contaiing the filtrate. Carefully open the QlAamp Spin Column and
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add 200 uL buffer AE. Incubate at room temperature for 1 min and centrifuge at 6,000 x

g (8.000 rpm for I min).
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Appendix B: Working protocols for PCR

CTP PCR:

Stock Conc. Required Quantity in 20 uL
PCR reaction

PCR Buffer 10x Ix 2 ul.

DNTPs 2 mM 200 uM 2ulL

MgCl; 1.5 mM 0.6 uL

CTP1/2 100 pmol/ul. 25 pmoi/uL 2 ul

Taq polymerase 3U/ul, 10U 0.2 uL

H,0 8.1 ul

Sample DNA Sul

PCR cycle: 95°C for S min. 40x(95°C for 1 min, 55°C for | min, 72°C for 2 min), 72°C

for 5 min

Real-time Hsp60 (650 bp) PCR:

Stock Conc. Required Quantity in 10 gl
PCR reaction

Faststart DNA-

Mastermix Enzyme 1 ul
MeClh 25 mM ImM 0.8 uL
Hsp60 5 uM 0.5 uM 2 ul
H,0 52 pul
Sample DNA I ul

PCR cycle: 95°C for 10, 40x ( 95°C for 5 5. 68°C for 10 s, decreasing to 65°C at a rate

of 1°C/cycle, 72°C for 30 s).
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MOMP PCR:

Stock Conc. Required Quantity in 20 pL
PCR reaction

PCR Buffer 10x Ix 2ulL

DNTPs 2 mM 200 uM 2 ul

MgCi; 50 mM 1.5 mM 0.6 uL

MOMP 100 pmol/l, 25 pmol/ul. 2 ul

Taq polymerase SU/ul, 1U 0.2 uL.

H,0 8.1l

Sample DNA S5ul

PCR cycle: 95°C for 5 min. 40x (95°C for 1 min, 55°C for 1 min, 72°C for 2 min),

72°C for 5 min.

Multiplex PCR:

Stock Conc. Required  Quantity in 20 ul.
PCR reaction

PCR Buffer 10x Ix 2 ulL
DNTPs 2 mM 200 uM 2ub
MgCl; 50 mM 2 mM 0.8 uL
PCO3/4 100 pmol/uL. 5 pmol/ul 2 ul
CTP1/2 100 pmol/ul. 5 pmol/uL 2 ul.
MY09/11 100 pmol/uL. 10 pmol/ul. 2 ul
Taq polymerase SU/nL. 1 U 0.2 ul
H;0O 4 ul.
Sample DNA S ul

PCR cycele: 95°C for 10 min, 40x (95 °C for 30 5, 57°C for 1 min, 72°C for I min),

722C for 10 min.
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Real-time MY09/11 PCR:

Stock Conc. Required Quantity in 20 ul,
PCR reaction

PCR Buffer 10x Ix 2 ul
DNTPs 2 mM 200 uM 2uL
MgCl, 50 mI 2 mM 0.8 uL
MY09/11 100 pmol/ul. 10 pmol/ul. 2ub
Taq polymerase SU/ulL, 1 U 0.2 uL
BSA (10 mg/mi.) 1 ul
SYBR Green (1:3000)  1:30000 2ul
1,0 5ul
Sample DNA 5ul

PCR cycle: 95°C for 5 min, 45x (95°C for 5 s, 60°C for 1 min, decreasing to 55°C at a

rate of 1°C/eycle, 72°C for 1 min.

PCO3/4 PCR:

Stock Conc. Required Quantity in 20 uL
PCR reaction

PCR Buffer 10x Ix 2 ul

DNTPs 2 mM 200 uM 2uL

MgCl, 50 mM 2 mM 0.8 ulL

PCO3/4 1006 pmol/uL. 50 pmol/uL 2ul

Tag polymerase SU/ul. 1 U 0.2 ul.

H,0 SuL

Sample DNA SuL

PCR cycle: 95°C for S min, 40x (95°C for 1 min, 55°C for 1 min, 72°C for | min),

72°C for 5 min.
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Hsp60R2 (309 bp) PCR:

Stock Conc, Required Quantity in 20 ul.
PCR reaction

PCR Buffer 10x Ix 2ulL
DNTPs 2 mM 200 uM 2 b
MgCl; S0 mM 2 mM 0.8 ul.
Hsp60 100 pmol/uL 10 pmol/uLL 2 ulL
Tag polvmerase SU/uL 1 U 0.2 pL.
H,0 8 ul.
Sample DNA Sul

PCR cycle: 95°C for 5 min, 40x (95°C for 1 min, 55°C for I min, 72°C for 1 min).
72°C for 3 min.

MYO09/11 Sequencing PCR;:

Stock Conc. Required Quantity in 50 uL
PCR reaction

PCR Buffer 10x Ix 5 ul.

DNTPs 2 mM 200 uM S5ul

MgChL S0 mM 2 mM 2ul

My09/11 100 pmol/ul. 10 pmol/uL Sul

Taq polymerase SU/uL 1 U 0.5 ul

H,0 20 ul

Sample DNA 12.5 ul.

PCR cycle: 95°C for 5 min, 33x (95°C for 1 min, 57°C for 1 min, 72°C for 1 min).
72°C for 5 min.
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GP5+/6+ PCR:

Stock Conc. Required Quantity in 20 ul,
PCR reaction

PCR Buffer 10x Ix 2ul
DNTPs 2 mM 200 uM 2l
MgCl 50 mM 2 mM 0.8 ul.
GP5+/6+ 100 pmol/ul 50 pmol/ul. 2ul
Taq polymerase SU/ul. 1 U 0.2 uL
H,0 S ul
Sample DNA SuL

PCR cycle: 95°C for 5 min, 40x(95°C for 1 min, 40°C for 1 min, 72°C for | min), 72°C
for S min.
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Appendix C: Sensitivity and specificity formula

Determination of sensitivity and specificity of multiplex PCR using

Bavesian Formula (Daly and Bourke, 2000).

True Positives = (TP)
True Negatives = (TN)
False Positives = (FP)

False Negatives = (FN)

Sensitivity formula: Sensitivity = TP/TP+EN

Specificity formula: Specificity = TN/FP+TN
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Appendix D: Hybrid capture protocols

A. Digene Sample Conversion Kif protocol

[

Shake each PreservCyt Solution vial until cells appear to be homogenously
dispersed.

Uncap and immediately pipette 4 mL of PreservCyt Solution specimen into a 10
mL conical Sarstedt tube as cells settle very quickly. Label the tube with the
specimen identification.

Add 0.4 mL Sample Conversion Buffer.

Mix each tube thoroughly by vortexing.

Centrifuge tubes in a swinging bucket centrifuge at 2,900 +/- 150 g for 15 /- 2
min.

During centrifugation, prepare the Denaturation reagent and the mixture of
Specimen Transport Medium + Denaturation Reagent. To prepare Denaturation
Reagent, add 3 drops of Indicator Dye to the bottle of Denaturation Reagent and
mix well. After addition of Indicator Dye, Denaturation Reagent should be a
uniform. dark purple colour. Once prepared, the Denaturation Reagent is stable
for 3 months when stored at 2-8°C. Label it with the new expiration date. If the
colour fades, add 3 additional drops of Indicator Dye and shake by hand until
contents are a uniform colour. To prepare the mixture of Specimen Transport
Medium -+ Denaturation Reagent. Mix 1 volume of Specimen Transport Medium
with a 2 volume of Denaturation Reagent (containing Indicator Dye). For a
PreservCyt Solution starting volume of 4 mL, 150 uL. of Specimen Transport
Medium + Denaturation Reagent is required per sample (100 ul. Specimen
Transport Medium + 50 ul Denaturation Reagent). However, prepare 180 ul

final volume for each sample to be processed to allow for loss during transfer
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(120 L. Speciinen Transport Medium + 60 ul. Denaturation Reagent). Solution
must be prepared fresh each day.

Remove tubes from the centrifuge one tube at a time. and place them into a rack.
Look for a pink/orange pellet.

Carefully decant supernatant, a gently blot (- 6 times) each tube on absorbent
lint-free paper towels until liquid no longer drips from tube. Do not lef cell
pellets slide down the tube during blotting. Return tubes to the rack.

Add 180 pL Specimen Transport Medium + Denaturation Reagent to each
peliet. Resuspend each pellet by vortexing each tube individually for at ieast 30
s at the highest speed setting. 1f a pellet is difficult to resuspend, vortex for an
additional 10-30 s or until the peliet floats loose from the bottom of the tube. If a
pellet remains undissolved after additional vortexing (2 min maximum), note the

sample identification and proceed to the next step.

. Place tubes in 65 +/- 2°C water bath for 15 +/- 2 min.

.Remove the rack with specimens from the water bath and vortex samples

individually for about 15 — 30 s, Make sure that all pellets are completely
resuspended at this point. Samples that still have visible peflets are not

acceptable for testing.

. Return the rack to the 65 +/- 2°C water bath and continue denaturation for

another 30 +/- 3 min.

. Praceed to the Hvridization Step as described in HCIT HPV DNA Tests™ package

inserts.

203



B. Preparation of QIAamp DNA samples for HCII

1. DNA was extracted from PreservCyt samples as per section 2.2.2 using the

QTAamp DNA extraction protocol.

[

60 uL of DNA was added to 60 ul of Digene specimen transport medium and

60 ul. of Digene denaturation reagent.

[958}

HCII was performed as per HCIH HPV DNA test protocol.
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C. HCII HPV DNA test protocol

Summary of he2 HPV DNA Test

HYBRIDIZATION

Combined -Probe Cocktail
Method

Dual Probe Method

HYBRID CAPTURE

Microplater Heater Method

Mix denatured specimen well and pipette
75 puL into microplate wells.

v
Incubate for 10+/- 2 minutes at 20-25°C

\j
Pipette 25 pL. Combined - Probe Cocktail
into hybridization microplate wells.

OR

Mix denatured specimen well and pipette
75 uL into "LR" microplate wells and 75 pL
into "HR" microplate wells.

v
Incubate for 10 +/- 2 minutes at 20-25°C

v
Pipette 25 pl. Low-Risk HPV Probe Mix
into "LR" microplate wells.
Pipette 25 uL High-Risk HPV Probe Mix
into "HR" microplate welis.

v
Cover microplate with a plate lid and
shake on Rotary Shaker | at 1,100 +/-
100 rpm for 3 +/- 2 minutes. Check that
all tubes show yellow colour.

v
Incubate at 65 +/- 2°C for 60 +/- 5
minutes. Prepare capture microplate.

v

Transfer contents from each Hybridization
Plate Well or microtube to corresponding
well in capture microplate using an
8-channel pipettor. Cover with a plate lid
or plate sealer. Shake at 1,100 +/- 100
rpm at 20-25°C for 60 +/- S minutes.
Prepare Wash Buffer.
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HYBRID DETECTION

WASHING

SIGNAL
AMPLIFICATION

READING

v
Decant and blot capture microplate

v

Pipette 75 pL Detection Reagent 1 into each
well of capture microplate. Cover capture
microplate with Plate Lid, Paraftlm or
equivalent. Incubate at 20-25°C for 30-45
minutes. Wash plate using desired method.

v

Automated Plate Washer Method
Place plate on washer and press

"Start/Stop" to begin.
v

Pipette 75 pl. Detection Reagent 2 into each
well of capture microplate. Incubate at
20-25°C for 15-30 minutes.

\j

Read capture microplate on DML 2000
instrument.

v
Validate assay and interpret specimen
result.
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Appendix E: Study consent form and ethical approval

A. Consent form:

.l ST. JAMES’S HOSPITAL
CJ James’s Street, Dublin 8

Telephone {(+353 1) 410 3000
vavwstjames.ie

St James's Hospital and Dublin Institute of Technology Cervical Smear
Research Study 2003-2004

Your cervical smear test is examined at St James’s hospital, cytology
laboratory. Not all the sample is used for routine sereening and the
remainder is discarded following completion of the test. We would
likke to use this residual material for research,

The purposc of this rescarch study is to establish new tests for detection
of infections in Cervical smear samples. This study aims to establish new
molecular methods for detection, genotyping and quantitation of Human
papillomavirus and Chlamydia trachomatis infections in the lemale
population.

This is a research study using only the leftover smear sample
material and will have no effect on your cervieal smear results,

Your cervical smear test is examined at St James’s hospital, cytology
laboratory. Not all the sample is used for routine screening and the remainder
is discarded following completion of the test.

As part of a research stndy, we secl your consent to use this residual
sample that is normally discarded.

The study will be anonymised, which means that the researchers will
net have any name or other identifiers on the sample.

[ allow my residual cervieal sample to be used for research.

Signed Date

Smoker D Non-smoier ’:]

Uinnecrsity Teaching Hospital of Trinity College Dublir




B. Letter of ethical approval:

TEIS NOTEPABER ATUST NOT BE USED FOR
| PRESCRIPTIONS GR INVOICING PURPOSES

J

Dr. Helen Lambkin, ' THE ADELAIDE & MEATH
School of Biological Sciences, HOSPITAL, DUBLIN
Dublin Institute of Technology, INCORPORATING

Kevin Street, THE NATIONAL CHILDREN'S HOSPITAL

Dublin 8.

TALLAGHT. BUBLIN 24, IRELAND
TELFPHONE #3511 4132000

Dr. Mairead Griffin,

Cytopathology Dept.,
St. Jamces's Hospital,
James's Street,

Dublin 8.

15" October 2003

Re.  Detection, quantification and typing of micro-organisms in liquid cervical
PreservCyt samples to the normal female population.

Please quote this reference in any follow-up to this letter: 2603 /33 /4

Bear Dr. Lambkin,

Thank you for your letter dated 3/09/2003 in which you respond to the conditions
attached to the initial Ethical Approval of the above study. This response has been
approved by the Chairman on behalf of the Joint Research cthics Committee. Ethical
Approval for this study is, therefore, complete.

Yours sincerely

)
A (\) -“77L( /"/

aniel R. Lynch,
Senior Executive Officer
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Appendix F: Sigma GenElute PCR Clean-up Kit protocol

Insert a GenElute Miniprep binding column into a provided collection tube, if
not already assembled. Add 0.5 mL of the column preparation solution to each
miniprep column and centrifuge at 12,000 x g for 30 s to 1 min. Discard the
flow-through liquid.

Add 5 volumes of binding solution to 1 volume of PCR reaction and mix. For
example, add 500 uL of binding solution to 100 pL of the PCR reaction.
Transfer the solution into the binding column. Centrifuge the column at
maximum speed 12.000-16,000 x g for T min. Discard the flow-through Hquid,
but retain the collection tube.

Replace the binding column into the collection tube. Apply 0.5 mL of diluted
Wash solution to the column and centrifuge at maximum speed for 1 min.
Discard the flow-through liquid. but retain the collection tube.

Replace the column into the collection tube. Centrifuge the column at maximum
speed for 2 min without any additional wash solution, to remove excess cthanol.
Discard any residual flow-through as well as the collection tube.

Transfer the column to a fresh 2 mL collection tube. Apply 50 ul. of Elution
Solution or water to the center of each column. Incubate at room temperature for
1 min.

To elute the DNA, centrifuge the column at maximum speed for 1 min. The
PCR amplification product is now present in the eluate and is ready for

immediate use or storage at —20C.



Appendix G: Summary of HPV positive samples

Sample HPV  C.trach HCII HPV Viral load Genotype Cytology  Age
No.  multiplex multiplex High-riski Low-risk copyv/ug DNA
3 + - ND ND 1.3E+05 ND normal 26
3 + - - - ND ND normal 39
6 + - - + 1.4E+03 66 borderline | 26
10 + - ND ND 4 SE+08 16 CINI 18
18 + - + ND 6.7E+05 ND normal 24
23 + - - + 2 4E+05 6 normal 25
20 + - ND ND 6 9E+05 33 normal 21
27 + - ND ND 8.6E+04 ND CIN | 25
36 + - ND ND 9 4E+06 ND normal 22
43 + - ND ND 8 7E+05 ND normal 23
48 + - - - 1.8E+H06 61 normal 33
56 + - + ND 1.5E+08 33 bordcrline | 39
57 + - - - 1.3E+05 ND normal 33
39 + - + ND 5 3E+06 ND CINI 33
62 + - ND ND 7.0E+05 59 borderline | 33
63 + - - - 7.2E+06 ND normal 23
68 + - + ND 3.2E+03 ND borderline | 36
71 + - ND ND 9 |E+04 ND CIN Il 39
73 + - ND ND 3 3E+05 ND borderling | 35
79 + - ND ND 1 4E-+03 54 normal 32
80 + - ND 8.4E+06 70 normal 48
35 + - ND 3. 7E+06 66 normal 27
86 + - ND ND [.1E+03 61 normal 27
83 + - ND ND 1.7E+10 38 CIN1 33
94 + - ND ND 4 8E+07 31 CINI 24
104 + - ND ND 4 4E+04 53 normal 21
105 + - ND ND 2.5E+07 33 CIN I 32
106 + - ND ND 1.8E+04 ND normal 23
109 + - ND ND 1.3E+07 6l normal 29
111 + - + ND 2.2E+03 33 CIN II 24
114 + - ND ND 8 8E+02 ND normal 53
113 + - - + 3. 1E+(03 70 normal 27
118 + - + ND 3 4E+05 33 normal 34
119 + - ND ND 7.5E+04 ND borderline | 27
123 + - + ND 2.5E+09 16 CIN T 21
124 + - ND ND 6.6E+06 66 CIN I 28
127 + - ND ND 8.5E+07 6 normal 19
131 + - ND ND 1.6E+03 ND normal 29
138 + + ND ND 6. TE+04 6 normal I8




Sample HPV  C. trach HCIH HPV Viral load Genotype Cytology  Age
No. multiplex multiplex High-risk| Low-risk copy/ug DNA
141 - - - 7.7E+03 ND normal 59
142 + - - + 6.7E+08 6 borderlme | 20
143 + - - - 1.3E+07 g1 normai 31
144 + - + - 8.6E+08 16 CINI 27
147 + - - 7.0E+07 33 normal 50
150 + + - + 9. 4E 106 ] norinal 20
151 + - ND ND 9 9E+03 70 normal 16
159 + - ND - 1.2E+(2 ND normal 41
166 + - + ND 2.0E+06 ND normal 27
176 + - + ND 35 8E+07 ND CIN Il 48
177 + - ND ND 2.5E-H03 ND borderline | 36
186 + - - - 4. 2E+04 62 normal 26
193 + - - - 4 5E+04 ND normal 46
196 + - ND ND 71.2E+07 70 borderline | 29
200 + - ND ND 92E+04 ND normal 40
201 + - - - 2 9E+03 ND normal 28
205 + - + ND 7.9E+07 ND CINI 27
208 + - - + 4.6E+05 ND normal 30
221 + - ND 1.8BE+08 60 normal 24
223 + - ND 2.2E+07 ND CINI 24
226 + - ND ND 1.7E+05 73 CIN I 24
228 + - + ND 1.2E+04 33 borderline | 23
229 + - ND ND 2 4E+03 ND borderling | 42
231 + + + ND 1.9E+035 ND normal 235
232 + - ND 7.3E+05 33 norimal 32
248 + - ND ND 6. 5E+05 18 CINI 25
251 + - + - 1.7E+05 53 normal 22
258 + - ND ND 2. 7E+06 52 CIN I 26
276 + - + ND 5 9E+08 33 CINI 21
290 + - + ND 3.4E+07 ND CIN 111 30
303 + - + ND 9.7E+05 16 normal 26
306 + - + ND 1.7E+Q7 66 CINI 24
311 + - + ND 6.6E+05 16 nermal 20
312 + - + ND 2. TE+06 ND normal 24
325 + - + ND 2 8E+06 ND CINI 27
326 + - - - 8.1E+06 16 normal 33
338 + - - - 1.3E+06 ND normal 31
339 + - ND ND 2.2E+05 ND borderlineg | 22
345 + - + ND 2 2E+06 ND CIN III 31
346 + - - - 1.8E+03 ND normal 27
347 + - + ND 4 6E+04 ND normal 47
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Sample HPV  C.trach HCII HPV Viral load Genotype Cytology — Age

No. multiplex multiplex High-risk| Low-risk copy/ug DNA

338 + - + ND 2 4E+04 58 normal 30
363 + - - - 8.7E+06 ND normal 31
395 + - + ND 5. 1E+05 81 borderling | 40
398 + - + ND 2.6E+07 66 borderline | 23
399 + - + ND 1.3E+04 68 normal 37
404 + - - + ND 61 normal 3
407 + - ND 4 9E+05 6l CIN 111 40
412 + - + ND 2.3E+06 31 normal 26
415 + - ND ND ND 6l normal 35
422 + + - - 2.3E+03 ND normal 32
424 + - + ND 8.3E+05 16 borderline | 26
427 + - ND ND 1 4E+06 58 CIN1I 21
429 + - - + 7.8E+08 6 CINI 19
432 + - ND ND 2.8E+03 31 borderline | 30
441 + - + ND 1.9E+Q7 16 CINI 39
444 + - - - 1.8E+08 33 normal 42
447 + - + ND 9 S5E+04 16 CINI 26
453 + - + ND 7.2E+07 53 CINI 2]
454 + - + ND 3.0E+06 ND normal 23
457 + - - - 1.3E+03 ND normal 29
458 + - ND - 0.3E+07 18 CIN1 38
459 + - - - 9 4E+04 18 normal 40
461 + - - - 3 8E+07 18 normal 32
462 + - - - 7.2E+05 18 normal 31
463 + - - + 3.5E+05 i8 CIN1 30
464 + - - - 2 3E+05 18 normal 47
466 + - - | 4E+04 18 normal 63
467 + + - - 1.3E+03 ND normal 72
468 + - + ND 4, 8E+03 ND normatl 26
473 + - + ND 4 2E+04 16 norimal 23
474 + + - - 9.8E+03 18 normal 21
481 + + - - 1.5E+05 18 normal 27
482 + + + ND 1 IE+05 18 normal 19
484 + - ND ND 8.2E+06 16 CINI 27
487 + - + ND 1.7E+07 66 CINI 38
489 + - + ND 3.7E+07 ND CIN | 29
506 + - ND ND 1. 9E+06 63 CIN I 27
307 + + ND ND 7.2E+06 ND borderline | 20
309 + - ND ND 2.1E+05 ND CINII 30
51t + - ND 2.1E+06 ND normal 47
513 + - + - 9.9E+05 68 CINI 31
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Sample HPV  C.trach HCII HPV Viral load Genotype Cytology  Age

No. multiplex muitiplex High-risk| Low-risk copy/ug DNA

515 + - ND ND 1.3E+06 ND borderline | 35
516 + - + - 6.7E+06 ND CIN II 24
522 + - + + 4 6E+05 66 CINII 21
524 + - + - 1.1E+06 70 normal 22
525 + - + - 1.3E+06 61 CINI 25
526 + - + - 1.2E+03 61 normal 40
530 + - + + 1.6E+07 ND CIN 1T 19
531 + - + - 1.9E+05 18 normal 34
537 + + + - 9 7E+05 83 normal 24
339 + - + ND 2.6E+05 31 normal 32
541 + - - + i.7E+05 6 normal 39
553 + - + - 1.8E+07 16 CINI 33
554 + - + - 1.1E+06 31 normal 26
568 + - + - 4 9E+05 16 normal 24
571 + - + - 8.6E+06 ND CINII 44
584 + - + ND 1.6E+(7 16 CIN1 31
585 + - + - 6.2E+05 62 normal 25
587 + - + - 4 4E+06 33 CIN'T 23
595 + - + ND 7.GE+07 33 CIN T 28
608 + - + ND 1. 7E+06 16 borderling | 22
613 + - + - 1.3E+05 ND normal 35
614 + - ND ND 53 3E+08 16 CIN 111 17
652 + - + 3.5E+08 16 CIN I 24
658 + - + - 3.2E+07 60 borderline ; 35
665 + - ND ND 4 0E+04 ND CINI 27
671 + - ND ND 2 8E+07 59 CINI 26
680 + - + - 3 4E+07 58 CIN I 48
082 + - + - 1.8E+05 18 normal 42
684 + - + ND 8.1E+06 18 borderline 19
686 + - + ND [.9E+07 16 normal 22
097 + - - + 5.4E+07 11 normal 30
699 + - ND ND 3.3E+07 18 CINII 25
706 + - + ND 2. 2E+07 ND borderlme | 20
715 + - ND 5.6E+07 16 normal 33
717 + - ND 8.6E+05 58 normal 21
735 + - ND ND 1. 4E+08 ND CIN III 21
736 + - + ND 8.9E+05 16 normal 26
740 + - + ND 7.1E+07 3] borderline | 29
763 + - ND ND 3.2E+06 16 CIN I 29
767 + - + ND 3 7E+07 ND CINI 50
774 + - ND ND 2 8E+06 ND borderling | 48




Sample HPV  C.trach HCII HPV Viral load Genotype Cytology — Age
No. multiplex mulitiplex High-risk| Low-risk copy/ug DNA
783 + - + ND 1. 1E+09 53 borderling | 33
784 + - - 6.2E+03 16 normal 33
788 + - - - 25E+(2 ND normal 21
792 + - + ND 4 3E+10 66 borderline | 44
793 + - + ND i.7E+08 16 CIN 11 23
797 + - + ND 8.2E+03 ND normal 27
301 + - - - 5 AE+05 ND normal 30
806 + - + ND 5.5E+07 16 CIN 111 25
218 + - + ND 1.3E+07 18 borderline | 26
820 + - + ND 3.8E+04 ND normal 32
823 + - - - 1.9E+H)6 54 normal 41
825 + - - - 4 8E+07 81 normal 39
828 + - - + | 2E-+08 O normal 19
836 + - - - 2.2E+08 84 borderline | 20
841 + - + ND 9.0E+06 33 CINII 40
842 + - ND ND 2.7E+05 ND borderline | 43
848 + - + ND 4. 1E+08 6 CINI 18
832 + - + ND 1. 7E+06 62 borderline | 25
835 + - + ND 2 3E+06 60 normal 25
870 + - + ND 3.2E+07 16 CINII 34
877 + - - - 3.9E+05 70 norinal 55
891 + - ND ND 2.2E+03 ND borderline | 28
909 + - ND ND 6.3E+06 ND normal 34
915 + - ND ND 2.5E+05 ND CINI 37
026 + - ND 1. 3E+07 66 borderline | 39
932 + - ND 8.1E+05 16 normal 29
935 + - ND ND 9 9E+06 66 CINII 23
942 + - + ND 3.6E+07 66 borderline | 20
943 + - - - 4 5E+06 83 normal 31
948 + - + ND 3.3E+06 38 normal 36
966 + - - - 1.1E+06 33 normal 32
971 + - - - 1.3E+05 53 normal 46
981 + - + ND 5.3E+06 58 normal 39
987 + - + ND 3. 7E+06 33 borderline | 22
992 + - 4 ND | I 4FE+08 a2 horderline 31

HCII — Digene hybrid capture HPV test

= not determined

CIN — cervical intraepithelial neoplasia
T — posilive tesl resull
- — negalive lest resull
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Comparison of DNA extraction from cervical cells collected in PreservCyt solution for the

amplification of Chiamydia trachomatis

Objective: The aim of rthis study was to compare and evaluate three methods of DNA extraction for the
amplification of Cllammydia trachomatis in uterine cervical samples collected in PreservCyt solution. ThinPrep is the
trade name {or the slide preparation.

Methods: Thirty-eigiu samples collected in LCx buffer medium, which were identified as C. trachomatis infected
by ligase chain reaction (LCR), were selected for this study. DPNA from the PreservCyt samples was extracted
by three methods: (i) QIAamp kit, (ii) boiling in Tris-EDTA buffer with Chelex purification, and (iii) Proteinase K
digestion with Chelex purification. Sample DNA was tested for the presence ol C. frachomatis by PCR using
cryptic plasimid research {CTP) primers and major outer membrane protein research momp gene (MOMP) primers.
Real-time (LightCycler) PCR for relative C. trachomatis quantification following DNA extraction was performed
using primers (Hsp 60} {or the 60 kDa heat-shack protein Jsp6Q gene.

Results: Amplification using CTP primers was the most successful with each of the extraction protocols. Boiling
in bulfer was the least successful extraction method. QIAamp was the best extraction method, yielding the
most positives with both the CTP and MOMP primers. Proteinase K-Chelex extraction gave similar sensitivity
to QlAamp extraction with CTP primers but lower for MOMP primers.

Conclusions: The DNA extraction method must be carefully selected to ensure that larger PCR amplicons can
be successfully produced by PCR and to ensure high sensitivity of detection of C. trachomatis. In this study it was
found that the QlAamp extraction method folloswwed by PCR with the CTP primers was the most successiul

for amplification ol C. trachomatis DNA.

Keywords: DNA extraction, cervical cells, PreservCyt, Chlamydia trachomatis, PCR, LightCycler

of choice for cytological evaluation due to the

Introduction . . ) .
improvement in rates of detection of preneoplastic

Gynaecological cytology is rapidly changing due to the
development of new technologies for smear prepar-
ation, awtomated evaluarion and molecular analysis of
cervical smear samples.'?

Liquid-based cervical smear preparation is over-
1aking conventional smear preparation as the method
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Tel.: +353 1 402 4911; Fax: +353 1 402 4995;

E-mail: helen.lambkin@dit.ie

lesions, ease of slide interpretation and decrease in
number of unsatisfactory (repeat) smears.™* These
liquid-based cervical samples are rich in cellular
material, with thousands of residual cells remaining
in the solution after the preparation of a monolayer
smear. This cellular material is ideal for molecular
analysis of both host cell genome and for detection
and quantification ol micro-organisims,*™ thus offer-
ing the possibility of additional molecular tests for
patients who have abnormal epithelial cells or fea-
tures of inflaimmation on routine cytology.

Cytapathology 2005, 16, 82-87 © 2005 Blackwell Publishing Ltd



Detection of human papillomavirus in cervical
samples has been exhaustively studied in both con-
ventional and liquid-based cytology samples,®? how-
ever, detection and quantitation of Chlamydia
trachomatis has been less thoroughly explored.'®!!
Chlamydia frachomatis is an obligate intracellular
bacterium which may be present in between 2%
and 17% of cervical smear samples from healthy
asymptomalic females depending on the population
studied.'? Infection with C. trachomatis may result in
pelvic inflammatory disease, infertility and is a major
cause of ectopic pregnancy. Numerous studies have
suggested that screening of young women for C
trachomatis would be cost effective due to the ultimate
burden on the health service ol the complications of
this infection.'*™'*

The main detection
include culture, enzyme immunoassay and nucleic
acid-based technigues (NAAT).'® Recent studies indi-
cate that the NAAT methods, which are mostly based
on PCR amplification of the C. trachomatis cryptic
plasmid sequences, offer the highest sensitivity for
detection of the organisn.'”'® A hybrid capture (HC)
system has also been developed for Chlamydia detec-
tion, similar to the HCIH sysiein for HPV detection
{Digene Corporation).'’

Methods for DNA extraction from cervical cells are
varied, mostly relying on some form of Proteinase K
extraction, with or without a further purification
step.?®2! Other protocols have been applied to cervical
cell samples, including simple boiling in bufier,
microwaving and automated DNA extraction tech-
niques.?*** In this study three methods of DNA

methods for € trachomatis

extraction from uterine cervical cell samples collected
into PreservCyt solution were evaluated, by the
sensitivity of detection and relative quantitation of ¢
trachomatis by molecular (PCR) amplification methods
compared to a gold standard of routine cervical
samples tested by LCR.

Methods

Study papulation and clinical specimens

Cervical samples were taken from women attending a
genitourinary medicine clinic ar St James’ Hospital,
Dublin, Ireland, and placed in LCx transport medium
(LCx: Abboul Laboratories, Chicago, IL, USA). These
were tested for C. frachomatis using the Ligase Chain
Reaction assay (LCx; Abbou Laboratories). A second
cervical sample was taken on the same visit and placed

Cytopathelogy 2005, 16, 82-87 © 2005 Blackwell Publishing Lid
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in a vial of PreservCyt medium and transported to the
cytology laboratory of the hospital where a cervical
smear was made. Specimens were then kept at room
temperature and the DNA was extracted within
6 weeks, The sample population in this study consis-
ted of 38 women who tested positive for C, frachomatis
by the LCx.

DNA extraction

Fifteen millilitres of PreservCyt specimen was vortexed
briefly and divided into three 5-ml aliguots. These were
then centrifuged at 13000 g and the pellet was washed
twvice swith TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0}
and resuspended in a final volme of 200 pt TE buffer.
In extraction method A {TE-Chelex), the cell suspen-
sion wvas boiled for 10 minutes with 0.1% Chelex
solution {Sigma-Aldrich, S1. Louis, MO, USA). In
method B {Proteinase K-Chelex), the cells were resus-
pended in 200 pl of cell lysis buffer (10 mM Tris-HCI,
400 mM NaCl, 2 mM Na,EDTA, pH 8.2), with 20 pl of
Proteinase K (20 mg/ml) and 0.5% sodim dodecyl
sulphate and incubated at 65 °C for 2.5 hours. This was
then boiled for 20 minutes with 0.1% Chelex-100
solution. Tn method C (QTAamp), the QlAamp DNA
Mini Kit (Qiagen Lid, Crawley, UK) was used according
to the manufaciurer’s instructions. DNA was extracted
froma single sample using the three extraction methods
within the same 48-hour period, Following DNA
=20 °C,

extraction samples iwvere stored at wieil

required for PCR.

PCR amplification of C. traclhomatis plasmid and omp gene

The following primer sets were used for detection of
C. trachomatis: a plasmid primer set (CTPY* (201 bp),
and a primer ser (MOMP)®® for the major ouler
membrane protein gene (540 bp}, (Table 1, Figure 1).
PCR was performed in 20 ul reaction velume, con-
taiting 2 ul PCR bulfer (Invitrogen Lid, Renfrew, UK},
1.5 mM MgCl; 200 uM of each dNTP, 25 pmol of each
primer set, 1 U of Tag DNA polymerase (Invitrogen
Lid) and 5 pl of DNA sample. The PCR reaction
mixture was performed in a Hybaid Omni-E thermal
cycler {Hybaid Lid, Ashford, UK), with an iniiial
denaturation of 95 °C for 5 minutes (ollowed by 40
cydles of 95 °C for 1 minute, 55 °C for 1 minute and
72 °C for 2 minutes. Alter 40 cycles, a further elon-
gation step was carried out at 72 °C for 5 minutes. The
products were run on a 1% agarose gel containing
0.5 pgfut ethidium bromide.
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- ] Table 1. DNA oligonudleatides used for
Gene Primer Primer Fragment N N
polymerase chain reaction

largel name sequence amplified {bp)
Plasmid CTP 1 5"-TAGTAACTGCCACTTCATCA-3*? 201

CTP 2 5 -TTCCCCTTGTAATTCGTTGC 3"
nomp MOMP A 5-TATACAAAAATGGCTCTCTGCTT-3'2° 540

MOMPB 5 -CCCATTTGGAATTCTTTATFCACATC-3’
Rsp6o Hsp 60 F  5-GATGGTGFTACCGTTGCGA-3"20 650

Hsp 60 R 5’- CCTCCACGAATTCTGTTCAC-3"

Real-time PCR detection and quantitation of
C. trachomatis DNA

Real-time PCR for detection and quantitation of
C. trachematis was performed on all DNA samples using
a primer set (Hsp 60)2° specific {or the heat-shock
protein 60 gene (Table 1). An aliquot of 1 pl of each
sample was added to 9 pl ol a reaction mixture
containing 3 mM MgCl,, 0.5 M primers and 1 pl oi
LC DNA FastSTART Master SYBR Green | enzyme mix
{Roche Biochemicals, Mannhein, Germany). Samples
were amplified on a LightCycler {Roche) under the
following cycle conditions: an initial 10 minutes at
95 °C dor activation of the FasiSTART Tag DNA
polymerase, followed by 40 cycles of 5 seconds of
denaturation at 95 °C, 10 seconds of annealing at
68 °C, decreasing to 65 °C at a rate of 1 °Creycle and
30 seconds of extension at 72 °C. Data were obtained
alter the extension period in the single acquisition
mode. The Hsp 60 PCR product was cloned into a pBSII
vector and serially diluted cloned copies were used to
create a standard curve (10° o 107 copies) for quan-
titation of cilamydial copy numbers. These standards
were run with each LightCycler run and a calculation
of C. frachematis copy numbers was 1aken by the
machine at the crossing point of each sample during
the exponential phase of amplification. A melt curve
step was included to confinm the amplification. Sam-
ples which gave copy numbers outside the range of the
standards or whose melt-temperature (T,,) was outside
those of the standards had their real-time PCR product
analysed by agarose gel electrophoresis, A sample was
positive if amplification of the 650 bp product occurred
during the amplification programme of 40 cycles.

Results

DNA isolated from the 38 LCx-positive samples by
the three extraction protocols was analysed for
C. trachomatis positivity by PCR and real-time PCR
and quantified using real-time PCR. A positive result

for either the CTP or the MOMP primer set was
determinted by the presence of 201 bp product for the
CTP primer set and a 540-bp product for the MOMP
primer set on agarose gel electrophoresis. The Hsp
60 real-lime PCR assay was positive if quantified
C. trachomtatis copy numbers were inside the range of
the standards or if running of the product on an
agarose gel gave the required 650 bp product size. 5
TE-Chelex, 5 Proteinase K-Chelex, and 2 QlAamp
samples had copy numbers below the range of the
standards {<100) but were positive on gel electro-
phoresis of the PCR product.

Detection of C. trachomatis by plasmid, major outer
membrane protein and heat-shock protein 60 real-time PCR

Ninety-five percent (36/38) of samples extracted using
either the TE-Chelex method or the Proteinase
K-Chelex method were positive for € trachomatis by
either of the three PCRs, The QlIAamp samples gave a
slightly higher overall positivity rate of 97% (37/38)
with a sensitivity of 95% for detection using plasmid
PCR, 90% by MOMP PCR and 95% by Hsp 60 real-
time PCR (Table 2). Of ihe QlAamp samples 90% (34/
38) amplified for each of the three PCRs as opposed to
71% (27/38} of the Proleinase K-Chelex samples and
only 50% {19/38) of the TE-Chelex samples (Table 2},
The plasmid primers were the most successful for the
amplification of €. trachematis DNA extracted by each
of the three methods, followed by the Hsp 60 primer
set and then the MOMP primer set (Table 2).

Real-time LightCycler PCR analyses of C. trachomatis copy
numbers

Real-time quantitation of . trachomatis copy numbers
in samples was carried out to determine if reduced
sensitivity of detection by PCR was associated with
low copy numbers of the organism and to determine
the relative yield of C tracdomatis copy numbers for
each extraction method.

Cytopathology 2005, 16, 82-87 @ 2005 Blackwell Publishing Lid



Figure 1. (a) Examples of PCR amplificaiion of a region of
Clrlamydia trachomatis plasmid {201 bp) using the CTP primer
sel. (b) Examples of PCR amplification of C. trachomatis major
outcer membrane protein gene (540 bp) using the MOMP
primer set, (¢) Examples of PCR amplification of the ¢
trachomaris heat-shock pratein 60 gene {650 bp) using the
Hsp &0 primer set. M = 100 bp DNA marker; -: negative
control; 1: positive control; 2-4: different samples.

The QlAamp and the Proteinase K-Chelex samples
most cominonly gave copy numbers of 10%ul of
extracted DNA as opposed to the TE-Chelex samples
which gave a lower yield of 102/l of extracted DNA
(Table 2). The distribution of copy numbers was
evenly spread for the Proteinase K-Chelex samples,
when compared with the TE-Chelex and QlAamp
samples, which had copy numbers concentrated at the
lowwer and upper end of the range respectively
{Table 2).

Negative results by the plasmid and the MOMP
PCRs were frequently associated svith low copy
numbers. Of the four TE-Chelex extracted samples
negative by plasmid PCR, three were below the

Cyropathology 2005, 16, 82-87 © 20035 Blackwell Publishing Lid
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Table 2. Comparison of positive PCR results for each extra-
ction methed using the CTP, MOMP and Hsp 60 primers,
with quantification of Chlamydia trachematis copy numbers
by Hsp 60 real-time PCR

No. of positive tests*

TE-Chelex (%}" PK-Chelex (%)} QiAmp (%)F

Primer set

CTP 34 {90) 35 (92) 36 (95)
MOMP 23 (61) 28 {(74) 34 (90)
Hsp 60 28 (74) 32 (84} 36 (95)
Chlamydial
copy/ul No ol positive tests in each copy number level
<100 5 5 2

10° 14 6 8

1o? 6 6 11

104 2 8 13

10° 1 6 2

10* 0 1 0

*All samples in the study were C. frachomatis positive by the
LCx assay.

*Boiling in Tris-EDTA buffer followed by Chelex purification.
*Proteinase K digestion followed by Chelex purification.
SQiaamp DNA extraction kit.

detection level of 100 copies of C. trachomatisfyl of
extracted DNA and of the 15 MOMP-negative samples
three sanmples had <1000 copies and 12 had <100
copies of C. trachomatis by quantitative PCR. Of the
four QlAamp samples shich did not amplify ior all
three genes, one sample was positive by Hsp 60 real-
time PCR only, with a copy number of 10°. The other
two amplified for the plasmid but not the momp gene;
the real-time PCR result was negative for one and
copy numbers <100/ul DNA for the other).

Discussion

The advent of liquid-based cervical cytology may
enable gynaecologists to screen for both cervical
preneoplastic lesions and sexually transmitted infec-
tious agents from the same sample. This is based on
the ability of liquid-fixed cells to yield nucleic acids
suitable for molecular-based assays.””*® There are a
growing nuwmber of publications using PreservCyt
specimens for molecular detection of arganisms inclu-
ding HPY, herpes simplex viruses, Trichomonas vaginalis
and €. trachomatis.**?° As DNA exiracied from Pre-
servCyl specimens may be used to screen for multiple
organisms there is a need for the development of
simple rapid inexpensive DNA extraction methods,
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shich can readily be applied in the diagnostic setting.
The main aim of this study therefore was to compare
the efficiency of two inexpensive in-house DNA
extraction procedures (Tris-EDTA-Chelex and Prote-
inase K-Chelex) and one kit-based method (QlAamp)
for the detection of C. trachomatis by PCR.

The results of this study indicate that the commer-
cial QIAamp extraction kit was the most successful
extraction method for amplification of the three
different target genes, but that the Proteinase
K-Chelex method had a similar success rate for
C. trachomatis amplification when the plasmid primers
were used. However, amplilication of larger PCR
products was less successful fromm Proteinase K-Chelex
than with the commercial extraction kit which would
have implications for application of other molecular
methods, particularly restriction enzyme digestion for
restriction fragment length polymorphism analysis.

In this study there was 90%, 92% and 95%
sensitivity of C. trachomatis detection by plasmid PCR
amplification by TE-Chelex, Pratetnase K-Chelex and
QlAamp respectively. Koumans ef al. also analysed
PreservCyt samples for C. trachomatis detection using a
commercial extraction and detection system and
reported 97% sensitivity lor . trachomaiis detection. "
On comparison of commercial DNA extraction kits
QIAamp has been reported as the most successful.*! In
this study amplification for the plasmid gene was the
maost successful method for detection of C. rachomatis
and showed the greatest concordance for the three
extraction methods, Other studies have shown that
plasmid primers are more sensitive than MOMP
primers for the detection of C. frachomatis due to the
presence of multiple plasmids per organisni.*2*?

Some studies have reported lack of reproducibility
of C. trachomatis detection, even with commercial
systems, and recommend duplicate sampies or the
application of two NAAT detection methods.> In this
study all samples were amplilied for three different
genes Lo increase the specificity of detection. This
study recommends the combined use of the plasmid
and heat-shock protein 60 gene primers for PCR
detection of C. frachomatis.

Real-time PCR is a [ast and effective way for the
detection and quantitation®® of bacterial load in
clinical samples and for validation of DNA extraction
methods. Real-time PCR quantitation was used in this
study to show that a drop off in sensitivity of
detection, pamicularly for the larger PCR products,
wvas associated with low copy numbers of C. trache-
matls.

This study shows that a single PreservCyt cervical
specimen can be used as a source of high quality DNA
for testing for sexually transmitted infections. Opii-
mization of the method of DNA extraction from
PreservCyl is essential to avoid [alse negatives and
ensure adequate sensitivity of detection. Careful
sclection of genes to be amplified and the PCR product
size for the detection of C. trachomatis is recommended.
Real-time PCR quantitation is a valuable method for
validation of the sensitivity of PCR detection methods.
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assisted laser desorption/ionization
(MALDI)-TOF MS, with its higher
resolution, is the capability of SELDI
to enrich low-abundance proteins
from complex matrices such as
plasma, through, for example, the
coupling of specific antibodies to the
chip surfaces (4). Such an approach
is an important methodologic aspect
in “second phase” proteomics, which
are characterized by repetitive inves-
tigation of the same protein to vali-
date the protein phenotype in large
population-based studies. This pro-
vides a basis for diagnostic progress
in personalized medicine (5). For
TTR, such an approach is relevant
not only in the diagnhosis of TTR-
related amyloidosis but also in other
diseases.

The true problem with on-chip im-
munopurification is not the resolu-
tion of the MS, which can be solved
by use of specific available interfaces,
but the efficient coupling of the anti-
body to the chip surface. When an
on-chip immunoassay format is be-
ing used, it is important that the
protein chip retains the antibody in
an active state at high density. Re-
sults are greatly affected by function-
ality characteristics, such as the sta-
bility, affinity, and specificity of the
antibody. On the basis of studies
relating to microarrays, only 5%—20%
of commercially available antibodies
are suitable for one or the other mi-
croarray format (6).
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Validation of a Multiplex PCR Assay
for the Simuitaneous Detectlon of
Human Paplllomavirus and Chiamydla
frachomatis in Cervical PreservCyt
Samples

To the Editor:

Chlamydia trachommatis is the most
common sexually transmitted bacte-
rium worldwide (1) and a leading
cause of infertility in women (2).
Human papillomaviruses (HPVs} are
the most important single agent
causing carcinoma of the uterine cer-
vix {3). Combined molecular screen-
ing for C. trachomatis and HPV could
be justified given their propensity to
cause asymptomatic infections, par-
ticularly in high-risk groups. Fea-
tures of HPV infection of cells of the
uterine cervix are traditionally re-
ported by the Pap smear method (4).
The introduction of liquid-based cy-
tolo%{f, such as the Th'mPrep® Pap
Test'™ has had the effect of improv-
ing the sensitivity of conventional
cytologic screening with the poten-
tial for HPV testing of residual cellu-
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lar material in borderline or difficult
cases (5-7). The US Food and Drug
Administration (FDDA) has recently
cleared a hybrid capture-based sys-
tem (HCII; Digene) for screening
women over 30 years of age as an
adjunct to Pap testing (5). Research-
ers have developed consensus prim-
ers for the detection of HPV DNA by
PCR {9, 10). We developed and eval-
uated a multiplex PCR for the simul-
taneous detection of HPV and C
trachomatis from PreservCyt™ (Thin-
Prep) solution.

The multiplex PCR was performed
on 100 cervical PreservCyt fluid
specimens collected from women at-
tending their general practitioners
for routine cervical screening. We
used the MY09/11 primers (9) for
HPV and plasmid primers for C. fra-
chomatis (11), which generated frag-
ments of 450 and 201 bp, respec-
tively. Primers for the human
B-glabin gene were included in the
multiplex as an internal DNA ampli-
fication contro!, generating a 110-bp
product (12) (see Fig. 1 in the Data
Supplement that accompanies the
online version of this Letter at http://
www.clinchem.org/content/vol51/
issue7 /). The PCR mixture contained
5 pmol of each of the forward and
reverse primers of the MY09/11 and
CTP1/2 primer sets and 10 pmol of
each of the forward and reverse
primers of the PCO3/4 primer set,
200 uM deoxynucieoside triphos-
phates, 10X PCR buffer [containing
10 mM Tris-HCL (pH 8.3), 50 mM
KCl], 2 mi MgCl,, and 1 U of Plat-
inum Tag DNA polymerase (Invitro-
gen Ltd.) in a final volume of 20 pL.
The PCR was initiated by a 10-min
denaturation and enzyme activation
step at 95 °C and was completed by a
10-min extension step at 72 °C. The

Table 1. Comparison of muitiplex and single PCR for the detection of HPV and C.
trachomatis in PreservCyt cervical samples.

Multiplex posltive, n

Single PCR positive, n

Sample cohort MY09/11°  CTP1/2°
GP¢ clinic {n = 100} 21 2
GUM clinic (n = 34) 10 34

2 Primers for the detection of HPY.
o pimers for the detection of C. trachomatis.

MY09/11  GPS+/6+* CTP1/2  Hsp6o®
24 ia 2 2
10 10 34 34

< Women wio attended genera! practitionar (GP) clinics for routine cervical screening.
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temperature cycles were as follows:
40 cycles of 30 s at 95°C, 1 min at
57 °C, and 1 min at 72 °C.

The detection limit was estimated
on serial dilutions, from 10° to 10'
copies/ pL, of cloned HPV MY09/11
and the C. trachomatis CTP PCR
product in the pCR® 2.1-TOPO® (In-
vitrogen Ltd). To evaluate the sensi-
tivity and specificity of the multiplex
PCR for the detection of each organ-
ism, we performed single PCRs on
all samples: one PCR that detects
HPV by use of the GP5+/6+ prim-
ers (10), generating a 150-bp prod-
uct: and one that detects C. trachoma-
tis by use of primers specific to the
hsp60 gene of C. trachomalis (sense,
5-GAT GGT GTIT ACC GTT GCG
A-3': antisense, 5'-TAA TAA TCG
TCT TTA ACA ACG T-3"), generat-
ing a truncated version (309 bp) of a
previously described product (13).
PCRs were also performed with the
MY09/11 and CTP1/2 primer sets
singly.

In the screened population, 21%
{21 of 100) of samples were positive
for HPV by the multiplex PCR (Table
1). The MY09/11 primers identified 3
other samples as HPV positive that
were not detected by the multiplex
assay (Table 1). Either the MY09/11
or the GP5+/6+ primers confirmed
all 21 of the samples positive by the
multiplex assay. Two samples were
positive for C. trachomatis in the mul-
tiplex assay (Table 1). These were
confirmed positive by the CTP1/2
and Hsp60 primers in single PCRs,
and no additional positive samples
were detected. A positive sample
was defined as positive by either the
multiplex or any of the single PCRs
for that organism. The sensitivity
and specificity of the multiplex with
respect to single PCR for the detec-
tion of HPV in the opportunistically
screened samples were 89% (95%
confidence interval, 70%-97%) and
100% (94%-100%; Table 1). The mul-
tiplex assay was 100% specific and
sensitive for the detection of C. fra-
chomatis with respect to single PCRin
the screened population (Table 1).

To estimate the diagnostic sensitiv-
ity of the multiplex assay for the
detection of C. trachomatis, we per-
formed multiplex PCR on 34 Preserv-
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Cyt fluid specimens from women
attending a genitourinary (GUM)
outpatient clinic who had tested pos-
itive for C. Irachomatis by the LCx
(Abbott Laboratories). The sensitiv-
ity of the multiplex assay for the
detection of C. trachomatis in the
GUM clinic population was 100%
with respect to the commercial LCx
assay (Table 1). Ten of the 34 samples
were positive for HPV by the multi-
plex assay. These results were con-
firmed by single PCRs (Table 1). The
multiplex assay could detect as few
as 100 copies of the C. frachomatis
plasmid and 100 copies of the HPV
genome per microliter of extracted
DNA.

This is the first study looking at the
detection of both HPV and C. tracho-
matis from a single ThinPrep sample
by use of multiplex PCR. This simple
muliiplex is rapid and could be used
to screen cervical ThinPrep samples
for both HPV and C. frachomatis, par-
ticularly in a high-risk population.
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Detection of Heavy Chaln Disease by
Capillary Zone Electrophoresis

To the Editor:

Luraschi et al. (1) recently published
the first report describing the use of
capillary zone electrophoresis (CZE)
coupled with immunosubtraction 10
detect and characterize low concen-
trations of free vy heavy chains in
serum. By contrast, we describe a
case in which CZE failed to detect
and characterize p heavy chain dis-
ease,

A 90-year-old woman who com-
plained of weight loss presented
with progressive enlargement of the
left parotid gland, splenomegaly,
and palpable inguinal lymph node
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