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ABSTRACT  

Marja Sarkola 
Human papillomavirus (HPV) in mothers before and after delivery – a three year 
follow-up study. 
From the Department of Oral Pathology, Institute of Dentistry and Medicity Research 
Laboratory, Faculty of Medicine, University of Turku and Department of Obstetrics 
and Gynecology, Turku University Central Hospital, Turku Graduate School of 
Clinical Sciences, Turku, Finland 
 
Human papillomavirus (HPV) infections in mothers are important to consider since 
pregnancy may affect the outcome of the infection and the mother may transmit HPV 
to the child. 

This thesis is part of the 3-year Finnish Family HPV Study on HPV infection 
dynamics within 329 families. The presence of maternal HPV antibodies and HPV 
DNA in placenta, umbilical cord blood and breast milk was examined. In addition, 
genital and oral HR-HPV carriage was studied among mothers with one or two 
pregnancies. 

At enrollment, seropositivity to HPV 6, 11, 16, 18 and 45 was recorded in 53 %, 21 
%, 35 %, 21 % and 9 % of the mothers, respectively. Age at sexual debut, number of 
sexual partners, a history of genital warts and antibodies to LR/HR-HPV predicted 
HR/LR-HPV-seropositivity. During follow-up 27 %, 14 %, 17 %, 17 % and 7 % of the 
mothers seroconverted to the tested HPV-types, respectively. Decay of HPV-antibodies 
was rare. The mother’s new pregnancy was of minor impact in the outcome of oral and 
cervical HR-HPV infections.  

HPV-DNA was present in 4.2 % and 3.5 % of the placentas and umbilical cord 
blood samples, and in 4.5 % and 19.7 % of the breast milk samples collected at day 3 
and month 2 postpartum, respectively. HPV-positivity in placenta/cord blood was 
related to a history of abnormal pap-smears or genital warts, and raised the risk of the 
neonate being HPV-positive at birth. The mode of delivery did not predict the HPV-
status of neonate, placenta, or cord blood. HPV DNA in breast milk was associated 
with oral HPV status of the father, but not with HPV status of the neonate. 

The results indicate that exposure to HPV is common and that part of the exposure 
might take place already early in life. Contrary to the common claim, pregnancy is not 
a risk factor for HPV.  

Keywords: human papillomavirus, HPV DNA, mother, pregnancy, HPV antibodies, 
seroprevalence, seroconversion, seropersistence, antibody decay, breast milk, placenta, 
umbilical cord blood, infant 
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TIIVISTELMÄ  

Marja Sarkola 
Ihmisen papilloomavirusinfektiot ennen ja jälkeen synnytyksen – kolmen vuoden 
seurantatutkimus. 
Suupatologian- ja radiologian osasto, Hammaslääketieteen laitos, MediCity Tutkimus-
laboratorio, Lääketieteellinen tiedekunta, Turun Yliopisto, Naistenklinikka, Turun 
Yliopistollinen keskussairaala, Turun kliininen tutkijakoulu. 
 
Ihmisen papilloomavirus (HPV) -infektiot ennen ja jälkeen synnytyksen ovat tärkeä 
tutkimuskohde; raskaus saattaa vaikuttaa HPV-infektion luonnolliseen kulkuun ja HPV 
voi siirtyä lapseen. 

Tämä väitöskirjatyö on osa kolmivuotista seurantatutkimusta, jossa selvitetään 
HPV-infektioiden dynamiikkaa vanhemmissa ja heidän vastasyntyneissä lapsissaan, 
yhteensä 329 perheessä. Tässä työssä selvitettiin HPV-vasta-aineiden esiintyvyyttä 
äideissä seurannan aikana sekä raskauden vaikutusta suun ja sukuelinten HPV-
infektioihin. Lisäksi tutkittiin HPV:n esiintyminen istukassa ja napaveressä sekä 
äidinmaitonäytteissä.  

Seurannan alkaessa vasta-aineita HPV-tyypeille 6, 11, 16, 18 ja 45 todettiin 53 
%:lla, 21 %:lla, 35 %:lla, 21 %:lla ja 9 %:lla odottavista äideistä. Vasta-aineiden 
esiintymistä ennustivat varhainen yhdyntöjen aloittamisikä, seksipartnereiden suuri 
määrä, aikaisemmat genitaalisyylät sekä samanaikainen seropositiivisuus 
suuren/pienen riskin virustyypeille. Seurannan aikana HPV-vasta-aineita kyseisille 
virustyypeille ilmaantui 27 %, 14 %, 17 %, 17 % ja 7 % äideistä. Vasta-aineet häviävät 
harvoin. Äidin uudella raskaudella ei ollut vaikutusta HPV-infektion kulkuun.  

HPV-DNA:ta todettiin 4.2 % ja 3.5 % istukka- ja napaverinäytteistä, sekä 4.5 % ja 
19.7 % äidinmaitonäytteistä, jotka oli kerätty kolme päivää ja synnytyksen jälkeen. 
Äidin aikaisemmat genitaalisyylät tai poikkeava PAPA-löydös olivat riskitekijöitä 
napaveren/istukan HPV-positiivisuudelle. Isän suun HPV-infektiolla oli yhteyttä 
puolison rintamaidon HPV-positiivisuuteen. HPV:n esiintyvyys istukassa/napaveressä 
lisäsi merkittävästi vastasyntyneen HPV-kantajuuden riskiä. Äidinmaidon HPV-
positiivisuudella ei ollut yhteyttä vastasyntyneen HPV- kantajuuteen. Vastasyntyneen 
HPV-kantajuudella ei ollut yhteyttä synnytystapaan, eikä synnytystavalla istukan tai 
napaveren HPV-positiivisuuteen. 

Tuloksemme osoittavat, että HPV-infektiot ovat hyvin yleisiä ja HPV:lle voidaan 
altistua jo varhaislapsuudessa. Vastoin yleistä käsitystä, raskaus ei ole HPV:n 
riskitekijä.  
 
Avainsanat: ihmisen papilloomavirus, HPV DNA, HPV vasta-aineet, serokonversio, 
äiti, raskaus, vastasyntynyt, vertikaalinen tartunta, sukuelin, suu, istukka, napaveri, 
rintamaito 



Table of Contents 6 

TABLE OF CONTENTS 

ABSTRACT ................................................................................................................... 4 

TIIVISTELMÄ .............................................................................................................. 5 

TABLE OF CONTENTS .............................................................................................. 6 

ABBREVIATIONS ....................................................................................................... 9 

LIST OF ORIGINAL PUBLICATIONS .................................................................. 10 

1. INTRODUCTION .................................................................................................. 11 

2. REVIEW OF THE LITERATURE ...................................................................... 12 

2.1. HUMAN PAPILLOMAVIRUSES ................................................................... 12 
2.1.1. Classification .......................................................................................... 12 
2.1.2. Genomic organization ............................................................................. 13 

2.2. HPV INFECTIONS .......................................................................................... 14 
2.2.1. Target cells and tissues ........................................................................... 14 

2.2.1.1. Anatomical distribution ............................................................. 14 
2.2.1.2. Host cells and host epithelia ...................................................... 14 
2.2.1.3. Tissue tropism ........................................................................... 15 

2.2.2. HPV life cycle ......................................................................................... 15 
2.2.3. Manifestations ......................................................................................... 16 
2.2.4. Outcome of HPV infection ..................................................................... 17 

2.3. HPV AND HOST IMMUNE RESPONSE ....................................................... 18 
2.3.1. Measured natural immune responses to HPV infection .......................... 19 
2.3.2. HPV vaccines and immunity .................................................................. 20 

2.4. DETECTION OF HPV INFECTIONS ............................................................. 21 
2.4.1. Morphological methods .......................................................................... 21 

2.4.1.1. Visual examination .................................................................... 21 
2.4.1.2. Cytology .................................................................................... 21 
2.4.1.3. Histopathology .......................................................................... 22 

2.4.2. Methods based on nucleic acid to detect HPV ........................................ 22 
2.4.2.1. Nucleic acid hybridization ......................................................... 22 
2.4.2.2. Polymerase chain reaction (PCR) .............................................. 22 
2.4.2.3. Multiplex HPV genotyping ....................................................... 23 

2.4.3. Serology .................................................................................................. 23 

2.5. EPIDEMIOLOGY OF HPV ............................................................................. 24 
2.5.1. Genital HPV infections in women .......................................................... 25 

2.5.1.1. Age distribution of HPV ............................................................ 26 
2.5.1.2. Natural history of genital HPV .................................................. 27 

2.5.2. Oral HPV infections in women ............................................................... 28 
2.5.3. Seroepidemiology of HPV ...................................................................... 28 



Table of Contents 7

2.5.4. Risk factors for HPV............................................................................... 29 
2.5.5. HPV and pregnancy ................................................................................ 30 
2.5.6. HPV infections in children ..................................................................... 31 

2.6. TRANSMISSION OF HPV .............................................................................. 32 
2.6.1. Sexual transmission ................................................................................ 32 
2.6.2. Non-sexual transmission ......................................................................... 33 

2.6.2.1. Vertical transmission ................................................................. 34 
2.6.2.2. Horizontal transmission ............................................................. 36 

3. AIMS OF THE PRESENT STUDY...................................................................... 37 

4. SUBJECTS, MATERIALS AND METHODS .................................................... 38 

4.1. PARTICIPANTS .............................................................................................. 38 

4.2. DEMOGRAPHIC DATA AND SAMPLE COLLECTIONS ........................... 40 
4.2.1. Demographic data (I-IV) ........................................................................ 40 
4.2.2. Genital scrapings (I-IV) .......................................................................... 40 
4.2.3. Oral scrapings (I-IV) ............................................................................... 40 
4.2.4. Pap smears (I, III) ................................................................................... 40 
4.2.5. Peripheral blood (I, III) ........................................................................... 40 
4.2.6. Placental and umbilical cord blood samples (III) ................................... 41 
4.2.7. Breast milk (IV) ...................................................................................... 41 

4.3. DNA ISOLATION ............................................................................................ 41 

4.4. DETECTION OF HPV DNA............................................................................ 41 
4.4.1. Nested PCR ............................................................................................. 41 
4.4.2. HPV genotyping ..................................................................................... 42 
4.4.3. Sequencing .............................................................................................. 42 
4.4.4. In situ hybridization ................................................................................ 42 

4.5. MEASURING HPV ANTIBODIES ................................................................. 43 

4.6. STATISTICAL ANALYSES............................................................................ 43 

5. RESULTS ................................................................................................................ 45 

5.1. HPV SEROPREVALENCE IN MOTHERS (I) ............................................... 45 
5.1.1. Predictors of seropositivity ..................................................................... 45 

5.2. SEROCONVERSION AND ANTIBODY DECAY ......................................... 46 
5.2.1. Predictors of seroconversion ................................................................... 46 

5.3. EFFECT OF PREGNANCY ON HPV (II) ....................................................... 47 
5.3.1. Second pregnancy covariates and HR-HPV carriage and persistence......... 49 

5.4. HPV DNA IN PLACENTA AND UMBILICAL CORD BLOOD (III) .............. 49 

5.5. HPV DNA IN BREAST MILK (IV) ................................................................ 50 

6. DISCUSSION ......................................................................................................... 52 

6.1. REPRESENTATIVENESS OF STUDY POPULATION ................................ 52 

6.2. HPV SEROPREVALENCE ............................................................................. 53 



Table of Contents 8 

6.3. DYNAMICS OF ANTIBODY RESPONSE TO HPV ..................................... 54 

6.4. HPV AND PREGNANCY ................................................................................ 55 

6.5. EXTRAMUCOSAL HPV AND VERTICAL TRANSMISSION .................... 57 

6.6. STUDY STRENGTHS AND LIMITATIONS ................................................. 60 

7. CONLUSIONS ....................................................................................................... 62 

8. ACKNOWLEDGEMENTS ................................................................................... 63 

REFERENCES ............................................................................................................ 66 

APPENDIX .................................................................................................................. 82 

ORIGINAL PUBLICATIONS ................................................................................... 85 
 



Abbreviations 9

ABBREVIATIONS 

CC  cervical cancer 
CIN  cervical intraepithelial neoplasia 
DNA  deoxyribonucleic acid 
E  early region of the HPV genome 
EBV  Epstein-Barr virus 
ELISA  enzyme-linked immunosorbent assay 
GP  general primer 
GST  glutathione S-transferase 
GW  genital wart   
HIV   human immunodeficiency virus 
HLA  human leukocyte antigen  
HPV  human papillomavirus 
HR  high-risk 
HC 2  Hybrid Capture 2 
IARC  International Agency for Research on Cancer 
Ig  Immunoglobulin 
ISH  in situ hybridization 
JORPP  juvenile onset recurrent respiratory papillomatosis 
L  late region of the HPV genome 
LCR  long control region 
LR  low-risk  
MFI  median fluorescence intensity 
mRNA  messenger ribonucleic acid 
OC  oral contraceptive 
OR  odds ratio 
ORF  open reading frame 
PAP smear  Papanicolaou smear 
PBMC  peripheral blood mononuclear cell 
PBNA  pseudovirion-based neutralization assay 
PCR   polymerase chain reaction 
pRB  retinoblastoma tumor suppressor protein 
PVA  polyvinylalcohol 
PVP  polyvinylpyrrolidone 
QIC  quasi-likelihood information criterion 
RIA  radioimmunoassay 
RNA  ribonucleic acid 
RT  room temperature 
SB  Southern blot 
STD  sexually transmitted disease 
STI  sexually transmitted infection 
TZ   transformation zone 
VLP  virus like particle 
WHO  World Health Organization 



List of Original Publications 10

LIST OF ORIGINAL PUBLICATIONS 

This study is based on the following publications referred to in the text by the Roman 
numerals I-IV. 

 

I. Syrjänen S, Waterboer T, Sarkola M, Michael K, Rintala M, Syrjänen K, 
Grénman S, Pawlita M: Dynamics of human papillomavirus (HPV) serology 
in women followed-up for 36 months after pregnancy. J Gen Virol. 
2009;90:1515-26. 

II. Sarkola ME, Grénman SE, Rintala MAM, Syrjänen KJ, Syrjänen SM: Effect 
of second pregnancy on maternal carriage and outcome of high-risk human 
papillomavirus (HPV). Experience from the prospective Finnish HPV 
Family Study. Gynecol Obstet Invest. 2009;67:208-16. 

III. Sarkola ME, Grénman SE, Rintala MAM, Syrjänen KJ, Syrjänen SM: 
Human papillomavirus in the placenta and umbilical cord blood. Acta Obstet 
Gynecol Scand. 2008;87:1181-8. 

IV. Sarkola ME, Rintala MAM, Grénman SE, Syrjänen SM: Human 
papillomavirus DNA detected in breast milk. The Pediatric Infectious 
Diseases Journal 2008;27:557-8. 

 

The original communications have been reproduced with the permission of the 
copyright holders. 

 



Introduction 11

1. INTRODUCTION  

Human papillomaviruses (HPVs) are small epitheliotropic DNA viruses that have the 
capability to induce a variety of proliferative lesions. Over 100 types of HPV have 
been identified, each type infecting preferentially either cutaneous or mucosal tissue. 
The sites of mucosal HPV infection include the cervix, vagina, vulva, anus, 
oropharynx, larynx and oral cavity, but HPVs have been detected in other epithelial 
sites, as well. HPV infections of the mucosa typically result in benign self-limited 
epithelial changes, warts, papillomas and low-grade intraepithelial lesions. However, 
lesions caused by high-risk (HR) HPV types may persist and progress to cancer.  

Epidemiological research of HPV has traditionally focused on HR-HPV infections of the 
genital area of sexually active women. In these populations, the key factors associated 
with HPV detection are age and sexual behaviour. The prevalence of HPV peaks in the 
youngest age groups of women studied; 20-33 % of females aged 18-25 years carry 
HPV. From a clinical point of view, it is important to understand that the prevalence of 
HPV is higher than the prevalence of HPV-associated disease. Most HPV infections are 
transient, although it is unclear whether infections resolve completely or remain latent. 
The outcome of HPV infection is modulated by viral and host factors, which are partly 
unknown. The host immune responses may play a major role, likely to be modified by 
previous HPV infections as well as genetic, hormonal and environmental factors. The 
immune response to HPV has not been elucidated in detail. 

Pregnancy may increase the risk and alter the natural history of HPV infection. High 
parity is a known risk factor for cervical cancer, but data on pregnancy/parity and HPV 
are controversial. HPV is transmitted from mother to child, but the routes and rates are 
not well known. The neonate is exposed to HPV from the infected birth canal at 
delivery. Prenatal exposure to HPV in utero or postnatally via breast milk or saliva 
may occur. The data on non-sexual transmission of HPV and on HPV infections in 
infants are controversial and warrants furher study. 

The Finnish Family HPV Study was started in 1998 and it is the first prospective study 
to assess HPV dynamics at multiple anatomical sites in parents and infants. The study 
aims to establish HPV detection rates, trasmission routes and infection outcome within 
families and to contribute to the understanding of the epidemiological factors involved. 
Altogether, 329 pregnant women at their third trimester together with 131 of their male 
partners were included in the study. A follow-up for 36 months after delivery was 
planned, and the neonates were also enrolled. This thesis presents the dynamics of 
HPV antibodies to the L1 capsid protein of HPV 6, 11, 16, 18 and 45 in the mothers 
during the follow-up, along with the baseline HPV DNA data. The effect of pregnancy 
on HPV detection and infection outcome at genital and oral mucosa was assessed 
longitudinally. The presence of HPV DNA in the placenta, umbilical cord blood and 
breast milk was also studied. The findings were compared with the oral and genital 
HPV status of the neonates, mothers and fathers to evaluate the vertical transmission. 
Demographic data were analyzed to identify risk determinants of HPV infection. 
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2. REVIEW OF THE LITERATURE 

2.1. HUMAN PAPILLOMAVIRUSES  

The papillomavirus family (Papillomaviridae) is a highly diverse group of small non-
enveloped DNA tumor viruses (de Villiers et al., 2004). Papillomaviruses are 
distributed worldwide and have been detected in a wide variety of animals as well as in 
humans, in which they have been most extensively studied. They typically infect 
cutaneous and mucosal epithelial cells and induce proliferative lesions, such as benign 
warts and papillomas, but lesions caused by certain types bear a high risk of malignant 
transformation (zur Hausen, 2002). Papillomavirus-associated diseases have affected 
mankind since ancient times, but the viral origin of skin and genital warts (GWs) or 
cervical cancer (CC) was not discovered until the 20th century (reviewed in Syrjänen 
and Syrjänen, 2008; zur Hausen, 2009). 

2.1.1. Classification 
Papillomaviruses are highly host specific and are named after the species they infect. In 
humans, over 100 human papillomavirus (HPV) types have been completely described 
(deVilliers et al., 2004). HPVs are identified by complete sequence analysis, and 
classified as virus types on the basis of their sequence homology within the capsid 
protein gene L1, which is the most conserved gene within the genome (deVilliers et al., 
2004). Hence, HPV types are referred to as genotypes. Different genotypes are 
identified by numbers assigned in order of their discovery and confirmation. A new 
HPV type is defined as a complete genome, whose L1 gene sequence is at least 10 % 
dissimilar to that of any other known HPV type. Within a genotype, subtypes and 
variants can be distinguished, with dissimilarities within the L1 gene of 2-10 %, and 
less than 2 %, respectively.  

The rapid increase in the number of papillomavirus types since the early 1980s due to 
the development of DNA sequencing techniques generated a need for a taxonomic 
classification within the family Papillomaviridae agreeing with the classification 
standards established by the International Committee on the Taxonomy of Viruses (de 
Villiers et al., 2004). Based on the nucleotide sequence comparison of L1, the 
evolutionary relationships between different papillomavirus types can be represented in 
the form of phylogenetic trees, which demonstrates three taxonomic levels, i.e., genera, 
species and types (deVilliers et al., 2004). The human and animal papillomaviruses 
currenlty known are divided into 16 different genera, which share less than 60 % 
nucleotide sequence identity in the L1 ORF. The genera are identified by Greek letters. 
Within a genus, closely related PV types form “species” that share 60-70 % L1 
sequence identity and considerable biological similarity. Most HPVs infecting mucosal 
tissue belong to the Alpha papillomaviruses, which form 15 species (de Villiers et al., 
2004). The Alpha papillomavirus contains HPV types recovered in anogenital cancers 
(e.g. HPV 16), in genital and laryngeal warts (HPV 6 and 11), and in common skin 
warts (e.g. HPV 2). To date, 15 high-risk (HR) HPV types, three probable HR and 12 
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low-risk (LR) HPV types have been identified based on an analysis of pooled case-
control data of women in nine countries with confirmed cervical squamous cell 
carcinoma (Table 1).  

Table 1. Classification of HPV types by cervical oncogenicity (adapted and modified from 
Munoz et al., 2003) 

Risk classification HPV type* 

High-risk 169, 187, 319, 339, 359, 397, 457, 515, 529, 566, 589, 597, 687, 
7311, 825 

Probable high-risk 265, 536, 666 
Low-risk  610, 1110, 408, 421, 438, 4410, 5413, 613, 707, 723, 813, cand893 
Undetermined risk 3411, 574, 833 
*Species superscripted according to de Villiers et al., 2004 

2.1.2. Genomic organization 
The HPV virion is approximately 55 nm in diameter (Williams et al., 1961). It consists 
of an icosahedral capsid made up of 72 capsomers and of a closed circular double-
stranded DNA genome sized almost 8kb. Despite the vast heterogeneity of the 
papillomaviruses, the genomic organization is remarkably similar in all types. All 
potential protein coding sequences (open reading frames, ORFs) are located on one 
strand of the double-stranded DNA and were originally divided into “early” (E) and 
“late” (L) genes based on their location in the genome  (Howley and Lowy, 2001). 
Overall, the genome has a capacity to encode eight proteins: E1, E2, E4-E7 are non-
structural proteins involved mainly in replication, transcription and transformation, and 
L1 and L2 are the structural proteins that compose the capsid (Fehrmann and Laimins, 
2003). Between the L1 and E6 ORFs is a non-coding, regulatory region called the long 
control region (LCR) sized approximately 0.85kb. It contains binding sites for a variety 
of cellular and viral transcription factors required for regulation of gene expression, 
DNA replication and genome packaging. This region contains the highest degree of 
variation in the viral genome (Bernard et al., 2006).  

Regulation of viral gene expression is complex and controlled by cellular and viral 
transcription factors (zur Hausen, 1996). The expression of papillomavirus genes is 
directed by viral promoters. Two major promoters reside in the genomes of HR-HPVs: 
the early promoter (p97 in HPV16) located within the LCR (Smotkin and Wettstein, 
1986) and the late promoter (p670 in HPV16) within E7 (Grassmann et al., 1996). The 
promoters are regulated over long distances by enhancers and clusters of binding sites 
for cellular transcription factors (Cripe et al., 1987; Gloss et al., 1987; Swift et al., 
1987; Chong et al., 1991; Dollard et al., 1993). Although the genomic organization is 
well conserved among the papillomaviruses, there are significant differences in the 
regulation of gene expression and in the functions of specific gene products (Bernard, 
2002). 



Review of the Literature 14

2.2. HPV INFECTIONS 

2.2.1. Target cells and tissues 

2.2.1.1. Anatomical distribution 
HPVs are mostly detected in the skin and in the anogenital tract, but infect also the 
oral, oropharyngeal, laryngeal and sinonasal mucosa. Other sites of infection include 
the urinary tract, conjunctiva of the eye, esophagus and, possibly, bronchial mucosa 
(Syrjänen and Syrjänen, 2000). There are a number of individual reports of the 
presence of HPV DNA in other epithelia, e.g. benign and malignant lesions of the 
breast (Di Lonardo et al.,  1992; de Villiers et al., 2005; Akil et al., 2008; de León et 
al., 2009), the prostate (McNicol and Dodd, 1990; Carozzi et al., 2004), the 
endometrium and the ovaries (Lai et al., 1992; O’Leary et al., 1998; Fedrizzi et al., 
2009), but the reports are contradictory and the precise significance of these findings is 
uncertain (Bratthauer et al., 1992; Effert et al., 1992; Gopalkrishna et al., 1996; de 
Cremoux et al., 2008).  

2.2.1.2. Host cells and host epithelia 
HPVs are considered to be strictly epitheliotropic; they cannot induce proliferative 
lesions in the underlying fibroblastic mesenchyme of the squamous epithelium, like 
some animal papillomaviruses do (Pfister, 1984). Cell cycle progression through the 
early stages of mitosis is critical for HPV infection (Pyeon et al., 2009). Full viral 
replication can occur only in cells committed to differentiation (Alani and Münger, 
1998). Hence, HPV infection is restricted to cells that can differentiate. Stratified 
squamous epithelium of the mucosa undergoes constant renewal and is composed of 
basal, parabasal, intermediate and superficial layers of cells. The basal layer consists of 
a single row of cells and rests on a thin basement membrane. Active mitosis occurs in 
the basal cells. In addition to stratified squamous epithelium, HPVs may infect other 
types of epithelia, e.g. the simple columnar epithelium of the endocervix (Roberts et 
al., 2007). 

Animal models of natural papillomavirus particles or HPV16 pseudovirus have shown 
that disruption of the integrity of the stratified or columnar genital epithelium is 
essential for HPV infection (Reuter et al., 2001; Roberts et al., 2007). It has been 
thought that mild abrasions or other microtrauma of the epithelium allows HPVs to 
penetrate the physical barrier of the upper epithelial layers and to access the receptors 
on the basement membrane (Culp et al., 2006). Alternatively, the process of wound 
healing might increase the efficiency with which HPV DNA becomes established as 
episomes in basal cells, because at that point the basal cells are in a hyperproliferative 
state (Pyeon et al., 2009). Access to the basal layer is naturally facilitated in certain 
areas of the body, where proliferating basal cells are in the proximity of the epithelial 
surface, e.g. the base of hair follicles and the junctions of two types of epithelia. The 
transformation zone (TZ) in the uterine cervix is a specialized junction initially covered 
by columnar epithelium and, through a process referred to as metaplasia, undergoes 
replacement by squamous epithelium.  
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The receptor of the papillomavirus on host cells has not been identified.  
Papillomavirus particles may be associated with heparan sulfate proteoglycans on the 
cell surface, and with a secondary receptor, such as α6 integrin and extracellular 
laminin 5, to facilitate uptake (Evander et al., 1997; Joyce et al., 1999; McMillan et al., 
1999; Shafti-Keramat et al., 2003; Culp et al., 2006; Johnson et al., 2009). Yet, tropism 
of HPVs for epithelial cells does not appear to be due to any cell-type specific receptor 
(Howley and Lowy, 2001), since binding studies have shown that papillomaviruses can 
bind to a wide variety of cell types (Roden et al., 1994; Müller et al., 1995). 

2.2.1.3. Tissue tropism 
Typically different HPV types infect different types of epithelia of immunocompetent 
individuals. Historically, this tropism has formed the basis for grouping the HPVs into 
cutaneous and mucosal types (de Villiers, 1989). However, tissue tropism of HPVs is 
not as clear cut as formerly thought. Although some variations in virus entry depending 
on HPV type and origin of cells do exist (Mistry et al., 2008), different HPV types 
seem to be able to infect epithelial cells indiscriminately (Bernard, 2002; Johnson et 
al., 2009). Thus, the “mucosal” HPV16 pseudovirions can infect murine nongenital 
epidermis (Alphs et al., 2008) and the “cutaneous” HPV5 pseudovirus can infect the 
murine genital tract (Johnson et al., 2009). Hair follicles seem to be an important 
endogenous reservoir of alpha-HPV in the anogenital region (Boxman et al., 1999; 
Poljak et al., 2009). Functional differences, like transcriptional activation, probably 
restrict the ability of any particular HPV type to give rise to lesions in a subset of 
tissues. The relative abundance of cellular transcription factors differs from one tissue 
to another, with some types of tissues being more permissive than others for HPV 
infection and associated lesions (Bernard, 2002; Mistry et al., 2007). Currently, it is not 
clear whether there are subtle differences in tropism between different mucosal species 
(Castle et al., 2006 and 2007). 

2.2.2. HPV life cycle 
In squamous epithelium, the productive cycle of HPV is intimately linked to 
differentiation factors expressed within various layers of the host epithelial cell 
(Stubenrauch and Laimins, 1999). For this reason, three-dimensional organotypic or 
raft cultures, instead of monolayer tissue cultures of dividing cells, need to be used for 
studying the life cycle of HPV (Chow and Broker, 1997). It is not yet fully understood, 
and only very recently has efficient virus propagation in vitro been introduced (Wang 
HK et al., 2009). Since the HPV genome does not encode a DNA polymerase of its 
own, the virus is dependent on the host cell’s replication machinery to produce viral 
progeny (Alani and Münger, 1998). The life cycle of the papillomavirus is shown in 
Figure 1.  

Initially, HPV infects undifferentiated proliferative basal cells, which are capable of 
dividing (Howley and Lowy, 2001). Once inside the host cell, viral DNA localizes into 
the nucleus and establishes itself as an episome with a low copy number (some 10-200 
copies per cell). At this stage, the viral proteins E1, E2, E6 and E7 transcribed from the 
early promoter are expressed at a low level (Doorbar, 2007). After cell division, the 
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daughter cells retaining the viral genome are pushed towards the suprabasal regions 
and begin to differentiate.  This triggers a coordinated transcriptional cascade of the 
viral genome. Viral proteins, mainly E6 and E7, may disturb the normal terminal 
differentiation by stimulating cellular proliferation and DNA synthesis by interfering 
with and inhibiting several cell cycle regulators in order to allow high-level 
amplification of the viral genome to at least 1000 copies/cell (Münger and Howley, 
2002). The interactions of viral E6 and E7 proteins with p53 (Werness et al., 1990) and 
pRB (Dyson et al., 1989, Münger et al., 1989) are the best characterized interactions so 
far. The late differentiation-dependent promoter is activated towards the epithelial 
surface, and the levels of viral proteins necessary for productive replication (E1, E2, E4 
and E5) increase. After the onset of genome amplification, the capsid proteins L1 and 
L2 accumulate in mature epithelial cells. The assembly of infectious virions takes place 
in terminally differentiated cells of the upper epithelial layers and the virions are shed 
to the environment, as the cells are lost through desquamation. 

 

Figure 1. Papillomavirus life cycle. Adapted from John Doorbar with permission. 

2.2.3. Manifestations     
By presentation, HPV infections may be divided into three categories: latent, sub-
clinical and clinical, but no diagnostic criteria have thus far been established for these 
categories. The nomenclature used in HPV research awaits clarification by studies on 
the life cycle of the virus, but before this becomes possible, the problem of culturing 
HPV in vitro needs to be solved. Most HPV infections cause no detectable clinical 
changes, i.e. the viral genome is present in normal epithelia, while colposcopy, 
cytology and histology are normal (Syrjänen S et al., 1990). This condition is often 
referred to as a latent infection, i.e. viral DNA is detectable but there is no evidence of 
ongoing viral replication. HPV latency is a puzzling phenomen for which no 
mechanism or viral gene expression pattern has been established.  Latent infection may 
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persist for weeks to years or decades and may ultimately resolve, or become 
reactivated to produce clinically apparent lesions (Pfister, 1984). Clinically, strong 
evidence for a true state of latency comes from studies on immunosuppressed patients 
and children with laryngeal papillomatosis. In these situations HPV-associated lesions 
continue to recur in apparently normal tissue in the absence of any obvious external re-
infection (Stubenrauch and Laimins, 1999; Broker et al., 2001). HPV infection is often 
considered subclinical if histology shows minor epihelial changes that are not 
consistent with typical clinical HPV lesion. Visible lesions that are readily apparent 
with usual diagnostic methods, i.e. visual examination, cytology and histology, 
constitute clinical infections (Syrjänen and Syrjänen, 2000). Clinical manifestations of 
HPV include anogenital warts, recurrent respiratory papillomatosis, cervical 
intraepithelial neoplasias and certain cancers, e.g. cervical, anal, vulvar, vaginal and 
penile cancer and some head and neck cancers (Muñoz et al., 2006).  

2.2.4. Outcome of HPV infection 
Longitudinal follow-up studies on HPV infections have shown that the HPV status 
often fluctuates, and single point measurements of HPV DNA are of limited value for 
the assessment of an individual’s HPV status (Schneider et al., 1992). Genital HPV 
infections may have different outcomes. The duration of HR-HPV infection before the 
development of precancerous lesions may last only a few months (Woodman et al., 
2001; Winer et al., 2005), whereas some women may never develop lesions while 
taking years to clear the virus (Schlecht et al., 2003). Clinical lesions result from the 
expression of HPV genes in maturing epithelial cells. HPV lesions are characterized by 
increased cellular proliferation (acanthosis), koilocytosis and abnormal keratinization 
(dyskeratosis) (Koss and Durfee, 1956; Meisels et al., 1976; Purola and Savia, 1977). It 
is thought that a period of productive infection is eventually followed by lesion 
regression and viral clearance or by maintenance of viral genomes as latent episomes 
in cells of basal layer (Doorbar, 2007). However, in a minority of cases the infection 
persists and may progress towards cancer (Schiffman et al., 2007). The virus-induced 
epithelial abnormalities can generally be divided into two categories based on their 
progression potential into productive, self-limited infections and potentially 
progressive precancerous lesions (Richart, 1973). The true precursor lesions of cervical 
cancer (high-grade lesions) have a more extensive proliferative phase, with the 
productive stages of the virus life cycle being supported only poorly (Middleton et al., 
2003). Both HR- and LR-HPV types cause low-grade lesions of the uterine cervix, 
while most high-grade, carcinoma in situ and invasive cancers of the uterine cervix are 
caused by the HR types. 

Lesion progression toward cancer 

In a productive infection the expression of viral genes is closely regulated by cellular 
and viral factors, as the infected cells migrate toward the epithelial surface (Stoler et 
al., 1992; Dürst et al., 1992; Doorbar, 2007).  This control sometimes fails, for reasons 
that are not well understood. Continued and aberrant expression of the E6 and E7 
genes of HR-HPVs is associated with host cell genomic instability, which ultimately, 
after accumulation of mutational events, can result in malignant transformation 
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(Stanley et al., 2007). During this process, the viral genome often becomes integrated 
into the host DNA, which results in the loss of expression of many viral gene products, 
such as E2, which effectively “kills” the virus, i.e.  the virus loses its characteristics as 
replicating entity (abortive infection) (Münger and Howley, 2002). Recent work 
implies that HPV-mediated carcinogenesis may require not only HR-HPV integration 
but also loss of inhibitory episomes expressing E2; this would permit natural selection 
of integrants with high oncogene expression (Pett et al., 2006). Alternative pathways of 
HPV-driven carcinogenesis occur probably as well, since some CCs contain only 
episomal HPV (Klaes et al., 1999). 

HPV-induced cervical squamous cell carcinogenesis is a multistep process. Carcinoma 
develops from precursor lesions defined as cervical intraepithelial neoplasia (CIN) 
(Richart, 1973). The histological criteria for CIN are nuclear aneuploidy, abnormal 
mitotic figures and loss of normal maturation. CIN is divided into grade 1, 2 and 3, 
depending on the extent of aberration of cellular stratification within the epithelium 
(Creasman, 2007). It was originally thought that cervical carcinoma evolves from 
infected healthy epithelium via a continuum of longlasting, consecutive CIN lesions 
from 1 to 3. However, an alternative concept, that finds increasing support, is that 
many of the clinically relevant CIN 2/3 lesions may be rapidly induced within 2-3 
years following infection (Winer et al., 2005; Muñoz et al., 2009), whereas it takes 
presumably another 10-12 years before invasive cervical carcinoma ensues.  

Persistent infection with HR-HPV is considered to be a necessary but not sufficient 
condition for the development of CC (Bosch et al., 1995; Walboomers et al., 1999; zur 
Hausen, 2002). It has been estimated that if no therapeutic action is taken, only 3-5 % 
of all HPV infected women and 12-30 % of all women with CIN3 lesions ultimately 
develop CC (Ostör, 1993; McCredie et al., 2008). Carcinogenesis clearly requires 
cofactors, either endogenous or exogenous (Dürst et al., 1992). Such significant 
cofactors are smoking, prolonged oral contraceptive (OC) use, high parity and 
coinfection with HIV. Other probable cofactors include co-infection with chlamydia 
and immunosuppression. Genetic and immunological host factors and viral factors 
other than virus type, such as viral load and integration probably also play a role, but 
their significance is not known (Castellsaqué and Muñoz, 2003; Muñoz et al., 2006). 

2.3. HPV AND HOST IMMUNE RESPONSE 

The host immune responses are thought to play a major controlling role for the 
outcome of HPV infections. The transient nature of most HPV infections is indicative 
of successful host defence. The prevalence of HPV infections and high-grade lesions is 
increased in individuals immunosuppressed e.g. by HIV infection or medication after 
organ tansplantation, which emphasizes the importance of a proper immune response 
to control HPV (Broker et al., 2001; De Vuyst et al., 2008; Paternoster et al., 2008). 
Genetic factors related to polymorphism in the HLA system may also play a role in the 
ability of the immune response to clear HPV infection (Wang SS et al., 2009). Immune 
defence is a combination of the relatively nonspecific innate immunity at the epidermal 
or mucosal surfaces and the antigen-specific adaptive immunity mediated by the 
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conventional T and B cells which recognize and eliminate foreign material. The precise 
details of the immune response against HPV are not clear. It is believed that 
neutralizing antibodies to viral capsids generated by effector B cells may be effective 
in preventing viral infection and spread, while innate immunity and adaptive cell 
mediated immunity appears important for the eventual elimination of HPV infection 
(Frazer, 2009). 

HPV infections are slow to induce measurable immune responses and slow to clear in 
comparison to other pathogens. This suggests that HPVs have evolved methods to 
bypass immune recognition and clearance during their long coevolution with the 
human being. HPVs have tailored their replicative cycle to fit the differentiation 
program of host epithelia in a way that interaction with cells of the immune system is 
minimized. In addition, there is no inflammatory response to alert the immune system, 
as the production of virions does not cause cell lysis. According to current 
understanding, there is no blood-borne phase of infection, and thus the immune system 
outside the epithelium has little opportunity to detect the virus. It also appears that viral 
early proteins can directly suppress the innate and adaptive responses. As a 
consequence, HPV infections can persist or remain latent for long periods (Tindle, 
2002; Woodworth, 2002; Stanley, 2006; Frazer, 2009; Einstein et al., 2009). 

2.3.1. Measured natural immune responses to HPV infection 
Past exposure of an individual to HPV can be evaluated by measuring serum 
antibodies. Antibodies may be generated to several HPV proteins. During natural 
infection HPV early proteins are expressed entirely within the epithelium, and antibody 
responses directed against these proteins are minimal or absent with limited clinical 
significance (Frazer, 2007). The abundant expression of highly immunogenic capsid 
proteins is restricted to differentiated epithelium, far from immune centers. The time to 
develop antibodies detectable in the serum varies considerably from one individual to 
another, but typically seroconversion after natural infection is a slow process with an 
estimated median time of 8 - 12 months from HPV DNA detection (Carter et al., 1996; 
Carter et al., 2000; Ho et al., 2004; Steele et al., 2008). Seroconversion seems to be 
driven by sufficient antigenic exposure, as it has been associated with either a high 
viral load or persistent infection (Wideroff et al., 1996; Ho et al., 2004; Wang et al., 
2004). However, available data indicate that some women may never develop an 
antibody response even if they have persistent HPV infection (Carter et al., 2000; Ho et 
al., 2004; Steele et al., 2008). The underlying reasons for this phenomenon are 
unknown. The major isotypes of serum antibodies against HPV capsids are IgG1 and 
IgA (Wang et al., 2000). IgG antibodies to HPV-16 L1 are claimed to be stable over 
several years (Shah et al., 1997; af Geijersstam et al., 1998; Carter et al., 2000), 
although some investigators have disputed this contention (Ho et al., 2004) and type-
specific differences have been reported (Carter et al., 2000).  

Because the half life of secreted antibodies is rather short, in the range of days, their 
maintenance over long periods requires the continuous activity and presence of specific 
secretory cells (Dörner and Radbruch, 2007). These cells are generated from specific, 
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activated B cells, a process that can be driven by persistent antigen expression 
(Zinkernagel and Hengartner, 2006) or that can reflect true immunological memory 
(Manz et al., 2005). The generation and maintenance of humoral memory is still poorly 
understood. Both mucosal and systemic immune reactions contribute to humoral 
immunity, and they might be distinctly regulated (Mei et al., 2009). Humoral memory 
may provide the first line of defence against reinfections.  

HPV capsid protein L1 contains multiple immunogenic epitopes, which include the 
main targets of the neutralizing antibodies (Christensen 1996a; b). However, the ability 
of HPV capsid antibodies to prevent infections after natural infection is uncertain. 
Antibodies to HPV capsids measured by direct ELISAs correlate well with antibodies 
with neutralizing capacity (Dessy et al., 2008). In animals, neutralizing antibodies 
confer life-long resistance to further virus challenge after natural species-specific 
papillomavirus infection (Ghim et al., 2000). The presence of HPV capsid antibodies in 
the serum may confer some protection (Ho et al., 2002), but reinfection or reemergence 
of homologous HPV type in the presence of circulating VLP antibody is possible and 
has been documented (Nakagawa et al., 2002). In larger follow-up studies 
seropositivity has not been associated with a statistically significantly decreased risk of 
re-infection with the homologous HPV type or genetically related types (Viscidi et al., 
2004). The local mucosal antibody response may, consequently, be more important 
than the systemic response for immediate virion neutralization and for the outcome of 
the infection. The protective role, if any, of local IgG and IgA HPV capsid-specific 
antibodies, which can be demonstrated in cervical mucus after natural infection, 
remains unclear (Bierl et al., 2005; Passmore et al., 2007). 

2.3.2. HPV vaccines and immunity 
There are two newly licensed commercial vaccines available for the prevention of HPV 
infections, both of which are based upon HPV L1 virus-like particles. Cervarix® by 
GlaxoSmithKline (London, UK) is a bivalent vaccine against HPV 16 and HPV 18. 
Gardasil® by Merck & Co. (NJ, USA) is a quadrivalent vaccine targeting HPV 6, 11, 
16 and 18. Multiple pathways within the cellular and innate arms of the immune 
system are targeted upon vaccination (Garcia-Pineres et al., 2009), although the precise 
details of these processes are not known, as is the case with most non-replicating 
vaccines (Rappuoli, 2007). The main protective effectors are probably the virus 
neutralizing antibodies (Breitburd et al., 1995). A robust humoral response has been 
observed after vaccination (Fife et al., 2004; Poland et al., 2005). After three vaccine 
doses the measured antibody levels for targeted HPV types are 10-100 times higher 
than the antibody levels after natural infections. Serum antibodies against HPV-16 
remain relatively high during the first years after vaccination (Harper et al., 2006; Villa 
et al., 2006). Vaccines are effective in protecting women against HPV lesions caused 
by the HPV types targeted by the vaccines (Harper, 2008; Schiller et al., 2008; 
Paavonen et al., 2009). The length of protection provided by vaccination is not known. 
The vaccines are prophylactic and do not affect the course of pre-existing infections 
(Hildesheim et al., 2007).  
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2.4. DETECTION OF HPV INFECTIONS 

Papillomaviruses cannot be propagated or identified by conventional tissue culture. 
Available detection methods for HPV or HPV-associated lesions include 1) 
morphological methods assessing signs of HPV induced changes by clinical inspection 
or microscopy of exfoliated cells and/or biopsy samples, 2) detection of viral nucleic 
acids, either DNA or RNA, and 3) detection of an antibody response to HPV. Antibody 
detection has no clinical role in the diagnosis of HPV infections in individual patients.  

2.4.1. Morphological methods 

2.4.1.1. Visual examination 
HPV-related macroscopic lesions can be detected by visual inspection, which is 
sufficient for the diagnosis of most anogenital warts. Colposopy was introduced by 
Hinselman (Hamburg, Germany) in 1925 but it gained popularity only in the 1960s. 
Visual examination of the illuminated, magnified view of the uterine cervix, especially 
the transformation zone, and the adjacent tissues after application of acetic acid and 
iodine solution enables the examining physician to detect suspicious lesions. 
Colposcopy aids in directing a biopsy to confirm and settle the diagnosis.  

2.4.1.2. Cytology 
Cytological examination of the cervix screens for abnormal cells and precancerous 
lesions. The technique was introduced by the Greco-American cytologist and 
pathologist George Papanicolaou in the 1940s, and has since then been referred to as 
the Pap test or the Pap smear. It involves collection of cells from the endocervix, 
ectocervix and vagina with a cotton swab or a small brush and Ayre’s spatula, fixation 
of the cells on a glass slide and microscopy. Cytology is widely accepted for screening 
for CC. Successfully implemented screening programs have efficiently reduced the 
morbidity and mortality from cervical squamous cell carcinoma (Nieminen et al., 1995; 
Anttila A et al., 1999; van der Aa et al., 2008). Despite this encouragning experience 
over the years, cytological screening is far from perfect in many countries because of 
poor coverage, quality control and management (Kitchener et al., 2006). The Pap test 
has remained virtually unchanged for 50 years, although automated systems and liquid-
based cytology systems have been developed and tested during the previous decade in 
an attempt to improve the quality (Nieminen et al., 2005; Arbyn et al., 2008). The 
terminology used to describe the findings of the cytological smears has undergone a 
series of changes during the past decades (Koss, 2000). Currently, the most widely 
accepted terminology is the Bethesda System, developed originally in 1988 and 
updated in 2001 (National Cancer Institute Workshop, 1989; Solomon et al., 2002). 
Cytological evaluation of the Pap smear allows the clinician to identify patients who 
need further diagnostic assessment. The management of an abnormal Pap smear is 
described in several national and international guidelines (Finnish Current Care 
guidelines 2006, Wright et al., 2007, Jordan et al., 2008 and 2009). 
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2.4.1.3. Histopathology 
Histopathological examination is the golden standard to settle the diagnosis of cervical 
pathology. However, as for cytology, histopathology does not detect the actual 
presence of HPV. It is an indirect method that detects the clinical sequelae of an HPV 
infection, i.e. the presence of a CIN lesion or cancer. Cytological and histological 
features are not sensitive indicators of the presence of HPV (Bauer et al., 1991; 
Rozendaahl et al., 2000). In addition, morphological methods cannot distinguish HR 
types from LR types, and latent infections cannot be detected at all.  

2.4.2. Methods based on nucleic acid to detect HPV 

2.4.2.1. Nucleic acid hybridization 
Nucleic acid hybridization is a method to detect DNA or RNA by binding a probe 
sequence to a complementary sequence in the sample. A variety of hybridization 
procedures have been developed for the detection of HPV DNA or RNA. These 
include hybridization on filter (e.g. Southern blot, dot blot) or glass, or in tissue 
samples (in situ hybridization (ISH)).  

2.4.2.2. Polymerase chain reaction (PCR) 
The polymerase chain reaction (PCR) is a common and the most sensitive method for 
HPV detection. The target sequences can be amplified at least a million-fold by using 
specifically designed oligonucleotide primers and a thermostable DNA polymerase. 
The procedure involves repeated thermocycling including denaturation, annealing of 
primers and elongation of the DNA chain. Protocols employing general or consensus 
primers that may detect all mucosal HPV types have become the most widely used. 
The most frequently applied primers for these assays are the GP05+/06+ (de Roda 
Husman et al., 1995a) and MY09/11 (Manos et al., 1989) primers, which target the 
highly conserved L1 gene. Different primer sets have different analytical sensitivities 
and different HPV-type coverage. Other factors influencing the performance of PCR-
based methods include differences in sampling methods and sample transport/storage, 
DNA extraction procedures, size of the PCR product, reaction conditions, performance 
of the DNA polymerase and the detection method of the PCR products (Castle et al., 
2002; Snijders et al., 2003). Because of its superior sensitivity, PCR is very vulnerable 
to environmental contamination. Strong laboratory discipline and careful monitoring of 
the different PCR steps, i.e. preparation of PCR solutions, sample preparation and 
electrophoresis of PCR products in separate rooms, are needed to reduce the possibility 
of specimen contamination (Walboomers et al., 1997). 

Variations of the basic PCR techniques have been developed. In nested PCR the initial 
PCR product is amplified with another set of primers annealing inside the initial PCR 
product. Nested PCR has higher sensitivity and specificity than conventional PCR. 
Thus, nested PCR is a valuable tool for the detection of HPV in samples containing a 
low copy number of HPV DNA or samples with limited amount of cells. 
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Confirmation of PCR specificity 
In earlier studies HPV detection was based on the visualization of a correct sized PCR 
product on agarose gel. However, the specificity of the amplification needs to be 
confirmed by subsequent sequence-specific analysis using restriction enzyme digestion 
of the PCR product, direct sequencing, or hybridization with type-specific probes 
(Walboomers et al., 1997). Direct sequencing of the PCR product is a rapid and 
accurate method for HPV identification, but the method cannot detect multiple HPV 
infections. Hybridization is the most widely used method to confirm the specificity of 
the amplicons. Recently, several methods have been developed to allow large scale 
analyses of samples and to identify multiple types simultaneously.   

2.4.2.3. Multiplex HPV genotyping  
Multiplex HPV genotyping using the Luminex (xMAP) suspension array technique is a 
recent, high-throughput hybridization method that allows simultaneous detection and 
genotyping of up to 100 HPV types. The method is based on polystyrene beads with a 
diameter of 5.6 μm that are internally dyed with various ratios of two spectrally distinct 
fluorophores, creating an array of 100 different bead sets with specific absorption 
spectra (Earley et al., 2002). In multiplex HPV genotyping, individual oligonucleotide 
probes of different HPV types are coupled to different bead sets. These sets are 
combined to create a suspension array and, due to their unique absorption spectra, they 
allow up to 100 different targets to be measured simultaneously in a single reaction 
(multiplexing). First, biotinylated GP5+/6+ -PCR products are generated, denaturated 
and hybridized to bead-coupled probes in 96-well plates. Then biotinylated PCR 
products are stained with streptavidin-phycoerythrin conjugate. The beads are analyzed 
in a reader which uses two laser beams to identify the bead set by the internal bead 
color and to quantify the reporter fluorescence on the bead. The result is expressed as 
the median fluorescence intensity (MFI) of at least 100 beads per set (Schmitt et al., 
2006).  

2.4.3. Serology 
A variety of assay systems using different sources of antigens to measure serum 
antibodies to HPV have been developed. Since virus-like particles (VLPs) and their use 
in vaccination were introduced, the interest in HPV serology has increased rapidly. The 
VLPs contain the surface epitopes in correctly folded conformation and they are able to 
induce antibodies with neutralizing capacity (Kirnbauer et al., 1992; Hagensee et al., 
1994; Rose et al., 1994; Breitburd et al., 1995). Conformationally dependent epitopes 
on intact capsids have generally been found to be type-specific, except for HPV 6 and 
11 (Christensen et al., 1994 and 1996a,b). Besides VLPs, conformational and 
neutralizing epitopes are also displayed by homogenous capsomers formed by HPV L1 
when expressed as fusion proteins with glutathione S-transferase (GST) in E.coli (Rose 
et al., 1998; Sehr et al., 2002; Waterboer et al., 2005; Rizk et al., 2008). Recombinant 
techniques have also enabled the measurement of antibodies to HPV early proteins 
(Gissmann, 1997) 
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The most common assays to detect HPV capsid antibodies are shown in Table 2. The 
wide variation in antigens and test systems has prevented reliable interpretation of data 
on HPV serology. Comparisons of seroprevalences for different HPV types have also 
been of limited value, because each laboratory has traditionally used different  
definitions of what is a reactive result (Ferguson et al., 2006). Assessing the sensitivity 
and specificity of serological assays has been more complicated for HPV infections 
than for other viral infections because of difficulties in finding appropriate test and 
reference populations (Carter and Galloway, 1997).  

Table 2. Common assays for detection of HPV capsid antibodies. (Modified from Einstein et 
al., 2009)* 

Assay Description Antibodies detected 
ELISA  • Sensitive technique that detects 

antibodies bound to virus-like 
particles (VLPs) coated on 
microtiter plates either directly 
(direct ELISA) or with 
monoclonal antibodies (capture 
ELISA) 

• Direct ELISA measures total 
antibody concentrations and does 
not distinguish neutralizing and non-
neutralizing antibodies. 

• Single epitope-based ELISA targets 
a single (neutralizing) epitope 

Pseudovirion-
based 
neutralization 
assay 

• Specific and sensitive assay 
based on binding of neutralizing 
antibodies to pseudovirions, 
which when neutralized are 
unable to infect a reporter cell 
line 

• Technically demanding but 
more type-specific than VLP-
based ELISA 

• Measures mostly neutralizing 
antibodies and is based on 
predefined epitopes considered to be 
important for neutralization of HPV 

Luminex-based 
serological 
assays 
 

 
Sensitive techniques that detect antibodies against multiple HPV types 
simultaneously from a single serum sample. 

• Competitive 
Luminex 
immunoassay 

• Competition for binding of the 
neutralizing antibody in place 
of a specific fluorescent 
antibody  

• Measures limited number of 
neutralizing antibodies; based on 
predefined epitopes considered to 
be important for neutralization of 
HPV 

• Multiplex 
serology 

• Based on bacterially produced 
in situ-purified glutathione s-
transferase (GST) fusion 
proteins  

• Measures total antibody 
concentrations and does not 
distinguish between neutralizing 
and non-neutralizing antibodies 

*Data based on: Carter et al., 1996; Opalka et al., 2003; Pastrana et al., 2004; Dias et al., 2005; Waterboer 
et al., 2005; Mbulawa et al., 2008; Einstein et al., 2009; WHO HPV LabNet. 

2.5. EPIDEMIOLOGY OF HPV 

HPV infections have been most extensively studied in samples taken from the uterine 
cervix of women who have had their sexual debut. The rate of HPV infection is 
apparently similar in the male genitalia (Vaccarella et al., 2006c), but the epidemiology 
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of these infections will not be reviewed in this work. HPV infections occur also in 
children (Oriel, 1992; Syrjänen and Puranen, 2000; Cason and Mant, 2005). Although 
the main focus of the present thesis is on maternal HPV infections, the literature on 
HPV infections in children will also be reviewed here since the data is important for 
understanding vertical transmission of HPV. 

2.5.1. Genital HPV infections in women 
Genital HPV infections are common among sexually active women. The lifetime risk 
to ever contract a clinically detectable genital HPV infection is around 80 % (Syrjänen 
K et al., 1990). This estimation is based on mathematical calculations of data from a 
mass screening study performed in Kuopio, Finland, where Pap smears were collected 
from women aged 22 years. The prevalence of cervical HPV infection was 3 % and the 
crude annual incidence 7 %. Other studies from developed countries are in overall 
agreement with these estimates (Koutsky, 1997). The occurrence of GWs, the clinical 
manifestations of HPV 6 and 11, seems to be increasing over time (Lacey et al., 2006). 
A recent population-based cross-sectional study of nearly 70 000 women from 
Denmark, Iceland, Norway and Sweden reported that 10.6 % of 18-45 year old women 
had ever been diagnosed with GWs and 1.3 % had experienced them within the past 
year. The prevalence of GWs was higher in the younger than the older birth cohorts 
(Kjaer et al., 2007).  

Since the implementation of modern nucleic acid detection methods, HPV infections 
have been shown to be far more common than anticipated based on clinical 
manifestations. The proportion of women infected with HPV has been found to vary 
greatly by type of assay and sampling method and by the type of population studied. A 
systematic review on HPV epidemiology in the US reported that the HPV DNA 
prevalence ranged from 14 % to more than 90 % in different studies (Rezvina and 
Diclemente, 2005). The prevalence was highest among persons attending sexually 
transmitted disease (STD) clinics and among college students, and lowest in the 
general population. In Finland, the overall prevalence of HR-HPV among first year 
college students was 29.5 % in a study using the Hybrid Capture 2 test (HC2) (Auvinen 
et al., 2005) and 7.5 % in the general female population targeted by the organized 
screening program, i.e. among 25-65 year old women (Leinonen et al., 2008). In a 
large meta-analysis by the World Health Organization (WHO) the overall worldwide 
HPV prevalence was estimated at 10.41 % among 157 879 women with normal 
cytology derived from 78 published studies, but there was considerable variation in 
HPV prevalences by region, and, in general, the HPV prevalence was higher in the less 
developed countries than in the more developed countries (de Sanjosé et al., 2007).  

In general, high-risk HPV types are more commonly detected than low-risk types in 
samples from the uterine cervix (Clifford et al., 2005; deSanjose et al., 2007; Trottier et 
al., 2008). Coinfections with multiple HPV types seem to be common (Cuschieri et al., 
2004; Mejlhede et al., 2009). The most common HPV types in the normal cervical 
mucosa, in either single or multiple infections, are HPV 16, 42, 58, 31, 18, 56, 81, 35, 
33, 45 and 52 according to a pooled analysis of 15 613 women aged 15-74 years 
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conducted by the International Agency for Research on Cancer (IARC) (Clifford et al., 
2005). Variations in the distribution of the HPV type across geographical regions have 
been reported. However, when considering clinical lesions, the more severe the lesion, 
the less heterogenous is the type distribution across countries. HPV 16 and 18 
apparantly account for 70 % of all CCs worldwide (Clifford et al., 2006).  

2.5.1.1. Age distribution of HPV 
The rate of detection of HPV varies greatly by age. In many developed countries, the 
highest rate of genital HPV infection occurs consistently among women in their teens 
and twenties, after sexual debut (Peto et al., 2004; Castle et al., 2005; de Sanjosé et al., 
2007; Dunne et al., 2007). Several longitudinal studies on young women in their early 
twenties have reported a three year cumulative incidence of HPV infections of 40 % or 
greater (Ho et al., 1998; Moscicki et al., 2001; Woodman et al., 2001; Rodriquez et al., 
2007). The incidence and prevalence of HPV infections decreases with age, although 
infections continue to appear throughout life (Muñoz et al., 2004; Peto et al., 2004; 
Castle et al., 2005; de Sanjose et al., 2007). In some countries – but not in Finland – a 
second minor peak in the prevalence as well as the incidence of HPV infections occurs 
among females aged 45-50 years (Herrero et al., 2000; Jacobs et al., 2000; Muñoz et 
al., 2004; Castle et al., 2005; Syrjänen et al., 2005). Among the Finnish screening 
population, an inverse relationship between age and high-risk HPV prevalence has 
recently been confirmed. A peak prevalence of HR-HPV of 24.1 % observed in the 
youngest cohort, women aged 25-29 years (Leinonen et al., 2008).  
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Figure 3. World-wide age-specific prevalence of HPV DNA in women with normal cervical 
cytology, according to the meta-analysis by de Sanjosé et al., 2007. 

The peak in the prevalence of HPV after the initiation of sexual activity is followed by 
a peak in the incidence of cervical precancer approximately 10 years later and a peak in 
the prevalence of invasive cancer when the women reach 40 to 50 years of age 
(Schiffman and Castle, 2005). The detection of precancer lesions is delayed by their 
initially small size and the often low sensitivity of screening methods (Schiffman et al., 
2007). In Finland, the peak incidence of CC has flattened following effective 
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screening, which has prevented an estimated 80 % of all CC cases (Nieminen et al., 
1995). 

2.5.1.2. Natural history of genital HPV 
Although the incidence of HPV infections is high, most HPV infections are transient 
(Evander et al., 1995). Most infections (70 to 90 %) become undetectable within 1 to 2 
years (Ho et al., 1998; Moscicki et al., 1998; Franco et al., 1999). The exact clearance 
rates show some variation across studies, as does the definition of clearance with 
regard to the number of consecutive negative tests required. However, clearance occurs 
at a relatively constant rate across all age groups (Franco et al., 1999; Syrjänen et al., 
2005; Munoz et al., 2009). Prevalent infections take longer to clear than incident 
infections (Trottier et al., 2008).  

Infections that are not cleared by the host are considered to be persistent. Although 
there is no consensus on the definition, these infections are strongly linked to the 
development of precancer lesions (Koshiol et al., 2008). Persistence is most commonly 
defined as detection of the same HPV type on two consecutive follow-up visits, usually 
4-6 months apart (Schiffman and Kjaer, 2003). This is, however, less than the mean 
duration of an incident HPV infection reported in many studies, i.e. 5.1 to 15.4 months 
(Trottier et al., 2008). New definitions for persistence have been proposed, as for 
example the one which defines persistence as an infection that lasts longer than the 
median duration of infection (Munoz et al., 2009). Indeed, women who have HR-HPV 
detected for at least 1 year versus those whose infections clear are at significantly 
higher risk of having or developing precancerous cervical lesions (Koshiol et al., 
2008). Viral DNA from a single HPV variant, from the HR and LR types, may persist 
for several years in the female genital tract, although this has been reported to be 
uncommon (in < 5 % of the cases) (Sycuro et al., 2008). HPV DNA can become 
undetectable and reappear later (Sycuro et al., 2008). A major unresolved question 
regarding the natural history of HPV is how often short-term viral clearance leads to 
long-term viral latency. Reinfections with the same HPV type is rare (Xi et al., 1995; 
Sycuro et al., 2008) 

Infections by HPV 16 or other HR-HPV types persist longer than infections by the LR 
types (Londesborough et al., 1996; Molano et al 2003, Muñoz et al., 2004; Trottier et 
al., 2008). A high viral load and coinfections with several HPV types increase the 
duration of persistence of type-specific episodes (Ho et al., 1998; Woodman et al., 
2001; Trottier et al., 2008; Munoz et al., 2009), but the results are controversial 
(Molano et al., 2003; Kulmala et al., 2007). Besides viral factors, the duration of 
persistence is modified by host-related determinants. The persistence of HPV increases 
significantly with age (Hildesheim et al., 1994; Castle et al., 2005). Other host-related 
factors include the individual’s immune response, vegetable intake, condom and OC 
use, smoking, history of Pap smears, age at first intercourse and parity (Hogewoning et 
al., 2003; Molano et al., 2003; Richardson et al., 2005; Wang SS et al., 2009). 
However, the host-related determinants modifying the infection outcome are not yet 
fully understood. It is still largely unknown what transforms the virus from a passenger 
into a driver (Koss, 1998).  
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2.5.2. Oral HPV infections in women 
As HPV DNA detection in the genital mucosa, the prevalence of HPV DNA in the oral 
mucosa varies widely by study population, sampling and detection methods. In a large 
meta-analysis covering 94 reports published between 1982 and 1997 and including 
4680 samples from both men and women, the mean prevalence of HPV was 10.0 % in 
clinically healthy oral mucosa, 22.2 % in benign leukoplakia, 26.2 % in intraepithelial 
neoplasia, 29.5 % in verrucous carcinoma and 46.5 % in oral squamous cell carcinoma 
(Miller and Johnstone, 2001). The prevalence of HPV in healthy oral mucosa varied 
from 0 % to 60 % in the 27 data sets assessed in this meta-analysis. In the Finnish 
Family HPV Study, the oral HR-HPV prevalence varied from 16 % to 27 % during a 
mean of 26 months of follow-up of 329 women (Rintala et al., 2006). In general, the 
HPV detection rates in samples from the oral mucosa may be much higher in oral rinse 
samples (12-51 %) and oral scrapings (45 %) than in brush samples (3 %) or frank 
biopsies (12-23 %) (Lawton et al., 1992; Kellokoski et al., 1992b; Kreimer et al., 
2004). Similarly, to emphasize the importance of the effect on detection method, the 
percentage of HPV DNA in buccal smears was 19 % when PGMY09/11 primers were 
used, but 74 % when nested PCR was used (Kay et al., 2002). Most oral HPV 
infections are considered to be latent and asymptomatic. The most common clinical 
manifestations of oral HPV include focal epithelial hyperplasias, oral papillomas and 
oral condylomas (Syrjänen, 2003).  

2.5.3. Seroepidemiology of HPV 
Traditionally, most data on anti-HPV capsid antibodies have been collected from case-
control studies on HPV-associated malignancy, in addition to studies on HPV (mainly 
HPV 16) serology among college students, STD patients and pregnant women (Carter 
et al., 1996; af Geijersstam et al., 1998; van Doornum et al., 1998; Hagensee et al., 
1999; Kibur et al., 2000; Studentsov et al., 2003; Lehtinen et al., 2006; Clifford et al., 
2007; Kaasila et al., 2009). Recently, a number of papers providing 
seroepidemiological data on HPV infections in general populations or placebo groups 
of ongoing HPV vaccination trials has appeared (Wang et al., 2004; Villa et al., 2006; 
Dondog et al., 2008; Michael et al., 2008; Skjeldestad et al., 2008). In these studies, the 
HPV 16 and HPV 18 seroprevalences have varied generally from 1.6 % to 44.4 % and 
from 4.2 % to 35.6 %, respectively. During pregnancy, HPV 16 and 18 antibodies have 
been detected in 17-28 % and 10-19 % of the pregnant women, respectively. Few 
studies have reported seroprevalence rates to LR-HPV types. HPV 6/11 seroprevalence 
rates have usually varied between 6.6 % to 12.7 %  in young women, pregnant or not 
(Laukkanen et al., 2003; Lehtinen et al., 2006; Villa et al., 2006; Skjeldestad et al., 
2008). Significantly higher seroprevalence rates were reported by Van Doornum and 
colleagues (1998), as 58 % and 48 % of the heterosexual adults with multiple partners 
had antibodies to HPV 6 and 11, respectively. 

The associations between HPV antibodies and HPV DNA status have been poor; at 
best, only 50-60 % of women with cervical HPV16 infection have been IgG 
seropositive (Kirnbauer et al., 1994; Viscidi et al., 1997; Carter et al., 2000; Studentsov 
et al., 2003; Ho et al 2004). IgG seropositivity to HPV-16 L1 is associated with the 



Review of the Literature 29

lifetime number of sex partners (Dillner, 1996; Wideroff et al., 1996; Viscidi et al., 
1997, Silins et al., 2000; Wang et al., 2000; Stone et al., 2002; Studentsov et al., 2003; 
Dondog et al., 2008; Skjeldestad et al., 2008). Other significant determinants for the 
presence of HPV 16 antibodies in these studies have variably included, e.g. age, 
race/ethnicity, level of education, smoking status, use of OCs and presence of clinical 
HPV lesions. Seroconversion seems to be driven by sufficient antigenic exposure, as it 
has been associated with either a high viral load or persistent infection (Wideroff et al., 
1996; Ho et al., 2004; Wang et al., 2004). When tested with the current assays, serum 
antibodies to HPV L1 protein are considered to be type-specific markers of past and 
present infection (Dillner et al., 2007). Serological studies have been valuable in 
demonstrating time trends is HPV epidemiology, such as the epidemic spread of HPV-
16 during the last decades (Laukkanen et al., 2003). 

2.5.4. Risk factors for HPV 
Epidemiological studies have shown that the key risk factors for a detectable genital 
HPV infection include age and sexual behavior. The high incidence of HPV infections 
in young women might be due to maximal exposure and minimal immunity (Castle et 
al., 2005) and/or increased vulnerability of the adolescent cervix to HPV infection by 
enhanced cervical maturation (Moscicki, 2005; Hwang et al., 2009). Several studies 
have demonstrated strong associations between HPV detection and the number of 
lifetime and recent sex partners (Syrjänen et al., 1984; Ley et al., 1991; Ho et al., 1998; 
Peyton et al., 2001; Vaccarella et al., 2006a; Dunne et al., 2007). Also, the sexual 
behavior of the male partner influences a woman’s risk to test positive for HPV 
(Karlsson et al., 1995; Burk et al., 1996; Vaccarella et al., 2006a; Winer et al., 2008).  

However, young women are at high risk to test HPV positive in the uterine cervix even 
after only one male sex partner (Collins et al., 2002; Winer et al 2008). The 1-year 
cumulative incidence of HPV infection was 28.5 % and increased to almost 50 % by 
three years among women who were enrolled before or within three months of first 
intercourse and were censored at the report of a second partner (Winer et al., 2008). It 
is to be noted that five women (3.8 %) were excluded because they tested HPV positive 
even before their first intercourse. Marital status, early age at sexual debut, other 
sexually transmitted infections (STIs), history of GWs, ethnicity and 
immunosuppressive conditions are also among the risk factors for HPV (Trottier and 
Franco, 2006). In adolescent females OC use and smoking accelerate cervical 
maturation, i.e. cause increased cell proliferation, and this might lead to greater 
vulnerability of the cervix to HPV (Hwang et al., 2009). Maturation of the uterine 
cervix is also increased during pregnancy, but the effect of parity on HPV detection is 
unclear (Hernandez-Giron et al., 2005; Vaccarella et al., 2006b). Some studies have 
reported differences between the risk factor profiles for HR-HPV and LR-HPV types 
(Franco et al., 1995; Kjaer et al., 1997; Richardson et al., 2000), most notably the lack 
of correlation with lifetime measures of sexual activity and LR-HPV positivity.  
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2.5.5. HPV and pregnancy 
In recent years, several studies employing molecular detection methods for HPV have 
evaluated the significance of pregnancy as a risk factor for HPV infection. The 
detection rates of cervical HPV during pregnancy have varied widely, from 5.2 % to 
68.8 % (Arena et al., 2002). Some of the previous studies report higher HPV DNA 
prevalence rates in pregnant women than in non-pregnant women (Schneider et al., 
1987; Fife et al., 1996; Morrison et al., 1996; Hernández-Girón et al., 2005; 
Bandyopadhyay et al., 2006). Also, the prevalence of HPV in the cervical mucosa has 
been reported to increase with increasing gestational age and to decline rapidly 
postpartum (Rando et al., 1989; Fife et al., 1999). However, many of the studies report 
no difference in the HPV DNA prevalence of pregnant women and non-pregnant 
women (Soares et al., 1990; de Roda Husman et al., 1995b; Chang-claude et al., 1996; 
Tenti et al., 1997; Chan et al., 2002) or between different gestational stages (Chang-
Claude et al., 1996; Chan et al., 2002; Bandyopadhyay et al., 2006; Banura et al., 
2008).  

It has been claimed that pregnancy-related hormonal changes and/or 
immunosuppression may increase the risk of HPV infection. Increased levels of local 
female steroid hormones were suggested already in 1937 as a cause for the observation 
that genital warts grow in size during pregnancy (Wilson, 1937). The progesterone-
responsive transcriptional activator element present in the genome of at least some 
HPV types (Gloss et al., 1987; Chan et al., 1989) might play a role in the activation of 
HPV replication. Pregnancy-related physiological changes such as increased local 
vascularity or moisture (Oriel, 1971) or enhanced squamous metaplasia at the uterine 
cervix (Moscicki, 2005) may also increase the risk of HPV infection. Cervical ectopy 
and squamous metaplasia are most marked during the second and early third trimester 
and also more pronounced in primigravida than in multigravida women (Jacobson et 
al., 2000). The immunological control of HPV infections may be naturally altered or 
repressed during pregnancy (Schneider et al., 1987). One study has indeed reported 
that the humoral response to HPV16 in pregnant women is decreased (Sethi et al., 
1998).  

Most of the studies thus far on the effect of pregnancy on HPV detection have been 
cross-sectional and potential confounding factors have seldom been described.  Sexual 
habits are important risk factors for HPV infection but detailed data on the sexual 
habits of pregnant women are frequently lacking from the available literature. 
Longitudinal studies are scarce (Rando et al., 1989; Chang-Claude et al., 1996; Fife et 
al., 1999). Recent data from prospective studies using sensitive PCR-based assays that 
allow detection of a broad range of HPV types suggest that pregnancy is not a period of 
particular vulnerability to HPV infection (Minkoff et al., 2006; Banura et al., 2008), 
which is at variance from what might have expected based on clinical experience or the 
earliest molecular studies.  

Data on oral HPV infections during pregnancy are scarce. There are case reports on the 
worsening of maternal respiratory laryngeal papillomatosis during pregnancy 
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(Helmrich et al., 1992; Scurry et al., 2008). A study of 574 pregnant women during 
their third trimester has reported a prevalence of HPV in oral cavity of 2.4 % (Smith et 
al., 2004). Our study group observed previously that oral HR-HPV prevalence was 
lowest (16 %) during pregnancy and increased steadily after delivery (Rintala et al., 
2006). 

2.5.6. HPV infections in children  
Warts or papillomas are the most common clinical manifestations of HPV infections in 
childhood. Juvenile onset recurrent respiratory papillomatosis (JORRP), caused mostly 
by HPV types 6 and 11, is a rare pediatric disease (Mounts et al., 1982; Gissmann et 
al., 1983). The estimated prevalence in North-America has been reported to be 1.00-
3.97 per 100,000 children aged <18 years (Armstrong et al., 2000). The age of onset is 
highly variable with a mean age being 4 to 5 years (Armstrong et al., 2000; Silverberg 
et al., 2004). Although JORRP is a rare disease, it is associated with significant 
morbidity with a high frequency of therapeutic surgeries (Silverberg et al., 2004).  

The incidence of anogenital warts in children has steadily increased during the last 
decades (Oriel, 1992; Obalek et al., 1997; Syrjänen and Puranen, 2000). Since these 
lesions are not difficult to diagnose, this may reflect a true increase in the incidence in 
parallel with the current epidemic of genital HPV infections among adults. However, it 
is possible that increased awareness of the disease also contributes to the figures. In a 
study including 166 preschool children 5-6 years of age among whom the possibility of 
sexual abuse was excluded, the prevalence of anogenital warts was 1.8 % (Myhre et al., 
2003). The mean age at presentation for anogenital warts in case series of children has 
ranged from 2.8 to 5.6 years (Sinal and Woods, 2005).  

Subclinical and latent HPV infections occur also in the pediatric population. Using 
sensitive molecular detection methods for HPV, both LR-HPV DNA and HR-HPV 
DNA has been detected in samples from the oral cavity or external genitalia of 
children. HPV DNA detection rates in genital mucosa of infants have varied from 0 % 
(Smith et al., 1995) to 53 % (Kaye et al., 1994) and in the oral mucosa from 0 % 
(Watts et al., 1998) to 61 % (Puranen et al., 1997). A recent systematic review of 
vertical transmission in asymptomatic pregnant women, that included nine cohort 
studies, established a combined HPV prevalence rate of 6.5 % (95 %CI 5.0-8.0) among 
the 2113 infants assessed (Medeiros et al., 2005). The debate still continues whether 
HPV DNA positivity in infants represents true HPV infections or merely transient 
colonisation with maternal HPV infected cells (Dillner et al., 1999). Studies 
demonstrating persistent HPV DNA, active virus transcription, or HPV antibodies 
support the possibility of true infections in children (Kaye et al., 1996; Rice et al., 
2000; Dunne et al., 2005; Marais et al., 2007) 

The few studies reporting HPV detection in the genital mucosa of prepubertal children 
report very low HPV prevalence rates (0 % to 3 %) (Koch et al., 1997; Myhre et al., 
2003). In other studies, again, some claim that HPV is common among prepubertal 
children, as HPV detection rates in the genital mucosa has varied from 13.6 % to 25 % 
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(Powell et al., 2003; Doefler et al., 2009) and in the oral mucosa from 8.7 % to 51.7 % 
(Puranen et al., 1996; Rice et al., 2000, Summersgill et al., 2001; Kojima et al., 2003).  
HPV DNA in children has generally been detected with highly sensitive PCR based 
methods. Recently, Doerfler and co-workers (2009) performed HPV testing with the 
HC2 test from the anogenital region of 110 girls aged 4-15 years who did not have any 
history of sexual abuse. Twenty of the girls were HPV positive (18 %); LR-HPV DNA 
was detected in four children (3.6 %) and HR-HPV in 15 children (13.6 %). In 
addition, two girls testing positive for HPV DNA had clinically apparent warts 
(Doerfler et al., 2009).  

2.6. TRANSMISSION OF HPV 

Mucosal HPV infections are considered to be transmitted primarily sexually, usually 
through sexual intercourse by genital-to-genital contact, during which epithelial 
microabrasion and tear commonly take place and facilitate infection. Although HPV is 
regarded as one of the most common sexually transmitted infections (Dunne et al., 
2007), its transmission dynamics are not clearly understood. 

HPV is a strictly intraepithelial pathogen with no viremic phase in the course of 
infection. However, HPV DNA is present in the mononuclear cells of the peripheral 
blood (PBMCs) (Pao et al., 1991; Tseng et al., 1992). Recent evidence supports the 
concept of non-sexual spread of HPV. Papillomvirus DNA was detected in banked, 
frozen blood cells from pediatric HIV patients and in fresh blood cells from healthy 
donors (Bodaghi et al., 2005).  

2.6.1. Sexual transmission 
The venereal nature of HPV originates from observations indicating that the behavior 
of GWs and even cervical neoplasia resembles that of sexually transmitted diseases. 
Sexual transmission as the main mode for GWs was first proposed in 1954 by Barrett 
and colleagues, who observed the frequent occurrence of penile warts in U.S. 
servicemen returning from the Far East and that many of the spouses of these men 
developed vulval warts, in turn (Barrett et al., 1954). Already in 1842 the Italian 
physician Rigoni-Stern reported that cancer of the womb was more common among 
married women, widows and prostitutes than in nuns, and he concluded that this type 
of cancer is probably related to sexual contacts. Although some of the conclusions of 
this specific paper have been seriously questioned later (Griffiths, 1991), altered sexual 
behavior altered the risk of CC in later studies (Towne et al., 1955; Taylor et al., 1959; 
Rotkin, 1967) and this linked CC to sexually transmitted agents. After the discovery of 
the HPVs as the etiologic agent of GWs and CC and the introduction of sensitive and 
specific HPV detection methods, epidemiological observations have corroborated the 
notion that HPVs are sexually transmitted. 

The probability of HPV transmission through sexual contact is not known. There are 
no published reports based on empirical data on the transmissibility of HPV, but it is 
thought to be high since HPV infection is very prevalent (Burchell et al., 2006b). A 
study of transmissibility of GWs conducted before HPV was identified as the causal 
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agent observed that 64 % (62/97) of those exposed to GWs subsequently developed 
condylomata themselves during 9 months of observation (Oriel, 1971). In the absence 
of empirical data, mathematical models of HPV transmissibility based on 
epidemiological data on the incidence, prevalence or seroprevalence of HPV have been 
created. These studies suggest that HPV is more transmissible than other viral STIs, 
but is comparable to bacterial STIs. The median probability of HPV transmission in 
these models has been 40 % (range 5-100 %) per coital act (Burchell et al., 2006a) or 
60-80 % per-partner male-to-female (Hughes et al., 2002; Barnabas et al., 2006). It is 
to be noted, that the possibility of non-sexual transmission of HPV has not been taken 
into account in these models. HPV transmission occurs even in moderately sexually 
active populations, and hence, HPV infections seem to occur without the presence of 
core groups or super-spreaders, the traditional concepts of applied theories in STI 
epidemiology and transmission (Bosch et al., 2008). 

Factors affecting the rate of HPV spread in the population are insufficiently known. 
Although published rates of infection are similar for men and women (Vaccarella et al., 
2006c), the concordance of different HPV genotypes between sex couples has been 
relatively poor in most studies (Hippeläinen et al., 1994; Castellsaqué et al., 1997; 
Franceschi et al., 2002). Viral load is likely to affect the rate of infection (Bleeker et 
al., 2005). The effect of condoms to protect from HPV has been a matter of debate. A 
meta-analysis of 20 studies suggests that using condoms may not reduce the risk of 
becoming HPV DNA-positive, but that it may offer protection against clinical lesions 
(Manhart and Koutsky, 2002). The mechanism of this protection is not yet known, but 
changes in viral load, reinfection probability, local immune responsiveness and 
cervical inflammation are probably involved (Hogewoning et al., 2003; Shew et al., 
2006). Data suggest that HPV is also transmissible through nonpenetrative sexual 
contact (Marrazzo et al., 1998; Winer et al., 2003), but this is generally considered to 
be less common.   

Data on the oral mucosa as a reservoir for HPV transfer to the genital area are 
conflicting. Studies on type specific HPV infections in the oral and genital mucosa 
have shown poor type concordance (Kellokoski et al., 1992a and b; Cañadas et al., 
2004; Smith et al., 2004). In the study by Winer and collagues (2003) oral HPV 
infections among females were not clearly associated with oral sex. The Finnish 
Family HPV Study showed previously that persistent oral HR-HPV infection of the 
spouse is a significant risk factor for persistent oral HR-HPV infection. The outcome of 
oral HR-HPV infection of either spouse was not related to oral sex habits (Rintala et 
al., 2006). Recently D’Souza and collagues (2009) reported that oral sex and open-
mouthed kissing are associated with the development of oral HPV infection. 

2.6.2. Non-sexual transmission  
The detection of HPV in virgins, infants and children suggests that sexual contact 
cannot be the only mode of viral transmission. Although viral transmission may occur 
in children through sexual abuse, there is growing evidence suggesting alternative 
modes of transmission (Gutman et al., 1993; Armstrong and Handley, 1997; Syrjänen 
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and Puranen, 2000; Sinal and Woods, 2005). Potential non-sexual transmission modes 
include vertical transmission from mother-to-child prenatally or at delivery, horizontal 
spread through auto- and heteroinoculation and indirect transmission from 
contaminated fomites (Gutman et al., 1993). Transmission via blood, saliva or breast 
milk has also been proposed as options but has been considered improbable (Cason et 
al., 1998).  

2.6.2.1. Vertical transmission 

Evidence for vertical transmission 
HPV can be transmitted from mother to child from the infected birth canal. Maternal 
genital condyloma during pregnancy is recognized as a reservoir of HPV causing the 
JORRP syndrome (Quick et al., 1978; Gissmann et al., 1983). In a retrospective cohort 
study of Danish births between 1974 and 1993, maternal GWs during pregnancy 
conferred a 231-fold increased risk of JORRP in the child (Silverberg et al., 2003). 
However, the majority of children who developed JORRP have been born to mothers 
with no history of GWs during pregnancy, and these mothers might have had a sub-
clinical infection. Children whose mothers had a history of GWs have been reported to 
develop JORRP at an earlier median age than children without such a history (4.3 vs 
5.9 years) (Silverberg et al., 2004). Similarily, vertical transmission is supported by 
detection of anogenital warts early in childhood especially when they harbor mucosal 
HPV types or with a positive maternal history for GW or abnormal cervical cytology 
(Obalek et al., 1997; Sinclair et al., 2005; Marcoux et al., 2006).  

Routes of vertical transmission 
Vertical transmission is thought to result mainly from the close contact of the fetus 
with infected cervical and vaginal cells of the mother during birth. However, there is 
also data favoring intrauterine transmission, as HPV-induced lesions are occasionally 
present already at birth (Hajek, 1956; Tang et al., 1978; Rogo and Nyansera, 1989; 
Obalek et al., 1997; Marcoux et al., 2006). Also, HPV DNA positive infants have been 
born to HPV negative mothers (Cason et al., 1995; Mazzatenta et al., 1996; Puranen et 
al., 1997). Cesarean section does not completely protect newborns against HPV 
(Obalek et al., 1997; Puranen et al., 1997; Tseng et al., 1998; Silverberg et al., 2003). 
Intrauterine transmission of HPV could ascend from the maternal genital tract through 
microtears in fetal membranes, with blood through the placenta or even by semen at 
fertilization (Figure 3). HPV DNA has been detected in the amniotic fluid, fetal 
membranes, cord blood and placental trophoblast cells (literature listed in Appendix 
1). HPV 11, 16, 18 and 31 are able to complete their life cycle in cultured placental 
trophoblasts (Liu et al., 2001; You et al., 2008). Infection of trophoblasts by mucosal 
HPV types has been postulated to account for some spontaneous abortions (Manavi et 
al., 1992; Hermonat et al., 1997). 
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Figure 3. 
Potential routes of viral 
infection in utero. 
Modified from 
Levy, 2007. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vertical transmission could also take place postnatally through breast milk. Vertical 
transmission of HIV-1 or cytomegalovirus infection through lactation is well 
established (Dworsky et al., 1983; Kourtis et al., 2003). Also, rubella, herpes simplex, 
hepatitis B and C, HHV6 and Epstein-Barr virus (EBV) have been detected in human 
milk, but seldom infects the infant (Michie and Gilmour, 2001). Although HPV is 
frequently detected in the oral mucosa of infants (Syrjänen and Puranen, 2000), the 
possibility of HPV presence in breast milk has not been assessed. 

Rates and risk factors of vertical transmission  
A recent systematic review of vertical transmission from asymptomatic pregnant 
women showed that when mothers were HPV positive, 18.3 % of the newborns 
(46/252) were also HPV positive at birth (Medeiros et al., 2005). This corresponds to a 
4.8 fold (95 %CI 2.1-10.9) risk of vertical transmission when compared to newborns 
with HPV negative mothers (16/562 = 2.8 %). Medeiros and colleagues reported a 
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higher risk of HPV exposure after vaginal delivery than after cesarean section (RR 1.8; 
95 %CI 1.3-2.4), 27 % versus 12 %, respectively. Kaye and colleagues studied 15 
pregnant women with HPV 16 infections and observed that the eight mothers who 
transmitted infection to their infant had significantly higher viral loads than those who 
did not. A previous history of abnormal cervical smear or genital warts seemed to be 
related with transmission of viruses to infants (Kaye et al., 1994). In the retrospective 
cohort study by Silverberg and colleagues (2003) seven out of every 1000 births with a 
maternal history of GWs during pregnancy resulted in laryngeal lesions. In women 
with GWs, delivery exceeding 10 hours were associated with a two-fold risk of 
disease. Other risk factors for vertical transmission are not known.  

2.6.2.2. Horizontal transmission 
Recent studies suggest that vertical transmission may not be the only source of HPV 
infection in children and that horizontal mother-to-child transmission is possible 
(Rintala et al., 2005b; Castellsagué et al., 2009). Horizontal transmission by close 
contact with an infected person or via virus-contaminated surfaces is the main mode of 
virus spread for skin HPVs, but for mucosal HPVs this mode is not well established. 
Casual digital contact is considered as a likely source of viral exposure also for 
mucosal HPV types. Anogenital warts in children occur as a result of hand warts in the 
child or relatives (Oriel, 1992; Handley et al., 1997). The proportion of cutaneous HPV 
types found in children’s GWs is higher than in adults’ GWs (15 % vs 2 %, 
respectively) (Fairley et al., 1995). Also, carriage of mucosal HPV DNA by hands has 
been demonstrated. Sonnex et al (1999) found that 27 % of subjects with genital 
infections had the same HPV type detected on their fingers. Furthermore, HPV 16 and 
35 have been detected in skin lesions of the periungal area with presumable digital 
autoinoculation (Moy et al., 1989; Rüdlinger et al., 1989). Recently, we reported from 
the Finnish Family HPV study that persistent oral HPV infection in the child during 
follow-up of 26 months was associated with oral HPV in parents and hand warts in 
mothers, supporting HPV transmission via the saliva and hands (Rintala et al., 2005b). 
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3. AIMS OF THE PRESENT STUDY  

The purpose of the Finnish Family HPV Study is to evaluate HPV infection dynamics 
within families. The main focus of the present study is on HPV infections in mothers, 
who were enrolled into the study at their third trimester and followed for 36 months 
after delivery. The presence of HPV DNA in embryonic tissues, placenta and umbilical 
cord blood was also analyzed. The specific aims were: 
 
 

1. to evaluate current and past HPV exposure in mothers followed for three 
years by assessing serum antibodies to HPV6, 11, 16, 18 and 45, and to 
explore the longevity of antibodies and determinants of HPV seroprevalence 
and seroconversion  

 
2. to study the effects of pregnancy on genital and oral HR-HPV carriage and 

persistence and to evaluate the cofactors for HR-HPV carriage and 
persistence in a longitudinal setting among women with one or two 
pregnancies 

 
3. to analyze the presence and possible impact of HPV DNA in placenta, 

umbilical cord blood and breast milk 
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4. SUBJECTS, MATERIALS AND METHODS 

4.1. PARTICIPANTS 

The Finnish Family HPV Study is a cross-sectional and prospective cohort study to 
study the dynamics of HPV infection in mothers, fathers and their newborn infants. It 
is a collaborative study between the Institute of Dentistry and the MediCity Research 
Laboratory, Faculty of Medicine, University of Turku and the Department of 
Obstetrics and Gynecology, Turku University Central Hospital. Between 1998 and 
2002 a total of 329 pregnant women in their third trimester were enrolled to the study 
at the Maternity Unit of the Turku University Central Hospital, Turku, Finland. Fathers 
(n=131) and children (n=331) were also recruited to the study. The Research Ethics 
Committee of the Turku University Central Hospital approved the study design before 
initiation (#3/1998), and all parents gave written consent. The HPV status of the 
parents was not examined before recruitment. 

The number of subjects and samples in the four original reports included in the present 
thesis are summarized in Table 3. Overall, the number of the subjects included in the 
different studies is based on the available material. To study the effect of a second 
pregnancy on HPV detection (II), a subset of 178 women of the whole cohort were 
included. First, all women from the Finnish Family HPV Study who had a new 
pregnancy ongoing during any of the follow-up visits scheduled at 6, 12, 24 and 36 
months after delivery of the index pregnancy were identified from medical records. 
Only the women who were pregnant for the first time at enrollment and who completed 
the entire follow-up were included (II). There were 78 women who had a second 
pregnancy ongoing during any of the follow-up visits. A control group consisted of 100 
women who did not have second pregnancy during the 36-month follow-up period. 
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4.2. DEMOGRAPHIC DATA AND SAMPLE COLLECTIONS 

4.2.1. Demographic data (I-IV) 
Demographic data including the parents’ social status, obstetric and gynecological 
history and risk factors for HPV infections were obtained by questionnaires filled in at 
the first postpartum visit (2.6 months, range 1.5-4.9 months after delivery).  

4.2.2. Genital scrapings (I-IV) 
Cervico-vaginal scrapings  
Cervical scrapings were taken from the mothers before delivery and at month 2, 6, 12, 
24 and 36 after delivery as described earlier (Rintala et al., 2005a). The sampling brush 
(Cytobrush®; MedScand, Malmö, Sweden) was placed in a tube with 0.05 M phospate 
buffered saline (PBS) with 100 μg of gentamycin. The samples were immediately 
frozen at -20°C and stored at -70°C.  

Genital scrapings from neonates 
Genital samples were taken from the neonates at delivery with three to five gentle 
scrapes of a small Cytobrush® from the labia major of girls and from the preputium and 
scrotum of boys as described (Rintala et al., 2005a; 2005b). The brush was placed in 70  
% ethanol, frozen at -20°C and stored at -70°C. 

4.2.3. Oral scrapings (I-IV) 
Oral scrapings were taken from the buccal mucosa of both cheeks without touching the 
tongue by using a small brush (Cytobrush®). The brush was placed in a tube containing 
70 % ethanol, frozen at -20°C and stored at -70°C (Rintala et al., 2005a). 

4.2.4. Pap smears (I, III) 
A routine Pap smear was taken from all women at baseline and at 12, 24 and 36 
months, using the conventional three-sample technique (vagina, ectocervix, 
endocervix) with two wooden spatulas and a Cytobrush®. The slides were fixed with a 
preservative (Spray-Cyte; Becton Dickinson and Company, Sparks, Md., USA). The 
Pap smears were analyzed according to the Bethesda system (National Cancer Institute 
Workshop 1989, Solomon et al 2002). The assesment included quality of the smear, 
infections and cytological changes and their localization with a descriptive diagnosis. 
The samples were also reported by Papanicolaou classification (class I-V) and degree 
of purity (1-3). 

4.2.5. Peripheral blood (I, III) 
Blood samples were taken from the mothers at baseline, and at 12, 24 and 36 months of 
follow-up. Separated sera were divided into three 1 ml aliquots, and stored first 
at -20°C no longer than one week and than at -70°C until analysis. 
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4.2.6. Placental and umbilical cord blood samples (III) 
Placental and umbilical cord blood samples were taken immediately after delivery in 
the delivery room. Two representative samples covering all tissue layers were taken 
from the central part of the maternal side of the placenta: one sample was immediately 
frozen and kept at -70°C until DNA extraction and HPV testing, the other was fixed in 
neutral 10 % formalin and processed in to paraffin blocks for routine histology and 
ISH. Umbilical venous cord blood was obtained while the placenta was still in situ 
using vacuum EDTA-tubes and frozen at -70°C immediately.  

4.2.7. Breast milk (IV) 
Mothers collected the milk samples manually three days postpartum at the hospital into 
a 3 ml plastic container. This procedure was done apart from feeding the baby. The 
container was sealed by a midwife trained for the project and the samples were 
immediately frozen and stored at -70 ºC. Two months postpartum breast milk was 
collected at home. 

4.3. DNA ISOLATION 

DNA was extracted from genital and oral scrapings with the high salt method of Miller 
and coauthors (1988) as described earlier (Rintala et al., 2005a). Samples were lysed in 
lysis buffer (10mM Tris, 400 mM NaCl, 100 mM EDTA, 1 % SDS) and digested 
overnight at 37°C with proteinase K (10 μg/ml). After digestion, proteins were 
precipitated with saturated NaCl and ethanol. The DNA was dissolved in 50μl water, 
mixed for 15-30 minutes and stored at -20°C. 

A piece of frozen placenta was first minced with a cutter on ice on a sterile petri dish 
before collection to lysis buffer. DNA was then extracted with the high-salt method. 

From milk and blood samples, DNA was extracted using the high pure PCR template 
preparation kit (Roche Diagnostics GmbH, Penzberg, Germany), according to the 
manufacturer’s instructions. The samples were first centrifuged for 5 min at 12000 rpm 
to pellet the cells, after which the cells were lysed with proteinase K in Tissue Lysis 
Buffer  at 55°C for 1 hour. The lysate was then applied to a filter tube and passaged 
through a glass fleece by centrifugation. Residual impurities were removed by a series 
of rapid wash-and-spin steps.  

4.4. DETECTION OF HPV DNA 

4.4.1. Nested PCR 
Extracted DNA was used for HPV testing by nested PCR using MY09/MY11 and 
GP05+/GP06+ (Anttila M et al., 1999). Cervical samples were tested by conventional 
GP05+/GP06+ PCR. PCR was done in a 50 μl reaction mixture using AmpliTaq Gold 
DNA polymerase (Perkin Elmer, NJ, USA). Amplification was started by an initial 
denaturation at 95°C for 10 minutes. For the first primer set 30 cycles of denaturation 
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at 95°C for 30 seconds, annealing at 55°C for 55 seconds, and elongation at 72°C for 
60 seconds were used. For the second primer set 40 cycles of denaturation at 95°C for 
60 seconds, annealing at 40°C for 60 seconds, and extension at 72°C for 90 seconds 
were done. The sensitivity of the PCR method was approximately 20 copies of HPV. 

Confirmation of PCR 
PCR products were run in 2.0 % agar gels (DNA agar, MBI, Derventway Delta, 
Canada), transferred to a nylon membrane (GeneScreen Plus; PerkinElmer, Boston, 
MA, USA) and hybridized with a digoxigenin-labeled (DIG Oligonucleotide 3´-End 
Labeling Kit; Roche Diagnostics GmbH, Penzberg, Germany) HR types 16, 18, 31, 33, 
35, 39, 45, 51, 54, 56 and 58 HPV oligoprobe cocktail (Anttila M et al., 1999).  

4.4.2. HPV genotyping 
HPV genotyping of baseline cervical and oral samples and of the month 2 breast milk 
samples was done using the fluorescent bead array of 24 HPV types in PCR-amplified 
biotin-labeled samples according to Schmitt and coworkers (2006; Multimetrix, 
Regensburg, Germany). This method combines PCR with hybridization to fluorescence-
labeled polystyrene suspension.  The assay can detect the following 24 HPV types: LR-
HPV 6, 11, 42, 43, 44, 70; HR-HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 
and 82; and also probable HR-HPV types 26, 53, 66, 70. The manufacturer’s instructions 
were followed, except that the reactions were done in 50 μl instead of 100 μl. At the final 
step before reading in Luminex analyzer, 100 μl of blocking buffer was used. As target 
DNA, the PCR products from HPV testing were used which were now biotinylated by 
re-amplification with GP05+/biotin GP06+ primers. The median reporter fluorescence 
intensity (MFI) of at least 100 beads was computed for each bead set in the sample. The 
cutoff value was defined for each HPV probe individually as follows: 1.5 times the 
background MFI + 5 MFI. If the sample tested HPV16-positive, the original sample 
DNA was re-tested with an in-house, bead-based HPV16 genotyping assay. This re-
testing was done to identify samples which might have become contaminated with HPV 
16 during previous testing or re-amplification. 

4.4.3. Sequencing 
All HPV positive PCR samples from study III and IV (placental, umbilical cord blood 
and breast milk samples) were sequenced by ABI PRISM Big Dye Terminator Cycle 
Sequencing Kit, and automated on ABI PRISM 377 DNA Sequencer (Applied 
Biosystems, Foster City, CA, U.S.A).   

4.4.4. In situ hybridization 
All placental samples positive for HPV 6 or HPV 16 were analyzed with tyramide-
amplified ISH to identify the placental cells harboring HPV DNA. For ISH, 6 μm thick 
sections were cut from formalin-fixed, paraffin-embedded placental samples. After 
proteolytic treatment with proteinase K (0.5mg/ml) for 15 minutes at 37°C, the sections 
were hybridized with biotinylated HPV 6 and HPV 16 whole genome probes under high 
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stringency. Following hybridization, the sections were washed as follows: twice at 2 x 
SSC for 5 min at room temperature (RT), twice at 0.2 x SSC for 5 min at 40°C and then 
once at 2 x SSC for 5 min at RT. The samples were also hybridized with biotinylated 
pBR322 (negative probe control) and with hybridization mixture without any probe. 
Tyramide signal amplification was done with TSA TM Biotin System (Perkin Elmer, 
Boston MA, USA). The TSA Biotin System utilizes horseradish peroxidase to catalyze 
the deposition of the biotin-labeled tyramide. In the sections counterstained with Mayer’s 
hematoxylin, the cells harboring specific HPV signals were identified.  In our hands, the 
sensitivity of this method is approximately one to two copies of HPV per cell. 

4.5. MEASURING HPV ANTIBODIES 

Antibodies to the major capsid protein L1 of HPV types 6, 11, 16, 18 and 45 were 
analyzed by a multiplex serology method based on glutathione S-transferase (GST) 
fusion protein capture to fluorescent beads as described earlier (Waterboer et al., 2005; 
2006). Briefly, bacterially expressed GST-L1-tag fusion proteins were affinity-purified 
in situ through binding to glutathione casein-coated fluorescence-labelled polystyrene 
beads. Spectrally distinct bead sets carrying different viral antigens were individually 
washed and subsequently mixed. Before mixing with the beads, sera were preincubated 
at 1:50 dilution on a shaker for 1 h at RT. Serum preincubation buffer contained PBS, 1 
mg/ml casein, 2 mg/ml lysate from bacteria expressing GST-tag alone to block 
antibodies directed against residual bacterial proteins and GST-tag, 0.5 % 
polyvinylalcohol (PVA, Sigma-Aldrich), 0.8 % polyvinylpyrrolidone (PVP, Sigma-
Aldrich) and 2.5 % Superchemiblock (CBS-K, Millipore, Billerica, MA, USA) to 
suppress nonspecific binding of antibodies to beads. Each 50 μl of the preincubated 
serum dilution and mixed beads (3000 per set) were then combined and incubated. 
Bound antibodies were detected with biotinylated goat-anti-human IgG secondary 
antibody (Dianova) and fluorescent detection conjugate (streptadivin-R-phycoerythrin, 
Molecular Probes). Reporter fluorescence of the beads was quantified with the 
Luminex analyzer and expressed as median fluorescence intensity (MFI) of at least 100 
beads per set per serum. Antigen-specific reactivity was calculated by subtracting the 
serum reactivity to GST-tag without intervening viral antigen (background) from the 
total MFI value. 

Sera were scored as positive when the antigenspecific median fluorescence intensity 
(MFI) values were greater than the cutoff level 200 MFI or 400 MFI (stringent) for L1 
antigen of individual HPV types (Michael et al., 2008). Seroconversion was defined by 
two conditions: 1) at least 2-fold increase of the previous serum value, and 2) MFI 
value over the cut-off 200 MFI or 400 MFI (stringent). Similarly, antibody decay was 
defined by two conditions: 1) at least 2-fold decrease of the previous serum value, and 
2) fall of the MFI value below the cut-off 200 MFI or 400 MFI (stringent). 

4.6. STATISTICAL ANALYSES  

Statistical analyses were performed using the SPSS® (SPSS, Inc., Chicago, USA) and 
STATA (Stata Corp., Texas, USA) software packages (SPSS for Windows, version 
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16.0.2 (I-II), version 12.0.1 (III), version 14.01 (IV) and STATA/SE 10.1 (I-II). 
Frequency tables were analyzed using the χ2-test, with a likelihood ratio (LR) or 
Fisher's exact test for the assessment of significance levels between categorical 
variables. Odds ratios (OR) with 95 % confidence intervals (95 % CI) were calculated 
where appropriate. Differences between means of continuous variables were analyzed 
with non-parametric tests (Mann-Whitney, Kruskal-Wallis) or ANOVA (analysis of 
variance), after testing for normal distribution.  

Predictors of genital and oral HR-HPV carriage (II) were calculated in univariate and 
multivariate regression models, with crude and adjusted Odds Ratios (OR) and 95 % 
CI, respectively. For all multivariate models, several covariates assessed at baseline, 
previously shown or implicated as risk factors of  HPV infections in our cohort, were 
considered (Rintala et al., 2005a; 2006). Univariate survival analysis for the outcome 
measures (clearance, incident HPV) was based on the Kaplan-Meier method, where 
stratum-specific outcomes were compared using log-rank statistics. To adjust for 
covariates, Cox’s proportional hazards regression model was used, including the 
covariates mentioned above. The validity of proportional hazards assumption was 
controlled by log-minus-log plots.  

To analyze the influence of pregnancy and potential confounders on HR-HPV carriage 
and persistence over time (II), a generalized estimating equation (GEE) model approach 
was used, clustered by women-ID and stratified by oral and genital infections (Diggle et 
al., 1994; Hardin and Hilbe., 2003). GEE adjusts for the serial correlation within subjects 
due to the longitudinal nature of the data by modeling the covariance structure within 
subjects (Zeger and Liang, 1986). The dependent variable was binomial 
(presence/absence of HR-HPV), and hence the logit link function was used. The 
exchangeable working correlation structure with a robust variance estimator to account 
for within-subject correlation was selected as the best-fitted covariance pattern, using the 
Quasi-likelihood Information Criterion (QIC) (Hardin and Hilbe, 2003). In the 
prospective assessment of oral and genital HR-HPV persistence/transition, women (panel 
variable) who were HR-HPV-positive at a specific visit (t) were considered having 
persistent HPV, if their subsequent assessment (t+1) was also HR-HPV positive, and 
having transient HPV, if the subsequent visit was negative. In this analysis, we assumed 
that HPV persistence depends on time since previous sample, and therefore, a time 
variable was included as a covariate in these GEE models.  

The GEE model approach was also used to analyze the influence of covariates on 
seroprevalence and seroconversion, clustered by woman-ID and stratified by the five 
HPV types (I, Diggle et al., 1994, Silins et al., 2000). The dependent variable was 
binomial (seropositive +/-; seroconversion +/-), and hence the logit link function was 
used. Because HPV seroconversion depends on time since previous sample, a time 
variable was also included as a covariate in these GEE models. In multivariate GEE 
models, we entered several covariates previously shown or implicated as risk factors of 
HPV infections in our cohort (Rintala et al., 2005a). All statistical tests performed were 
two-sided and declared significant at p-value <0.05.  
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5. RESULTS 

5.1. HPV SEROPREVALENCE IN MOTHERS (I) 

We studied the presence of serum antibodies to HPV 6, 11, 16, 18 and 45 L1 protein in 
290 mothers sampled before delivery and at 12, 24 and 36 months of follow-up to 
examine the dynamics of HPV serology. Also, multiplex HPV genotyping of the 
baseline oral and genital scrapings was performed. The key demographic 
characteristics of the 290 mothers were as follows. Altogether, 47.2 % (128/271) of the 
mothers were married and 45 % cohabited; 7.7 % were single or divorced. Only seven 
(2.6 %) had started their sexual activity before 13 years of age, while the majority (56.8 
%) had their first sexual intercourse between 14 years and 16 years of age. 
Approximately every fourth of the mothers reported one or two lifetime sexual 
partners, where as every fifth reported more than 10 partners. Over 90 % of the women 
had sometimes used oral contraception (OC), and nearly half of them (46.3 %) had 
initiated OC use between age 14 and 16. 50.2 % (135/269) were current or past 
smokers. History of any STD and previous GWs were reported by 20.3 % and 27.3 % 
of the women, respectively. Oral warts were reported only by eight women, whereas 
160 women had had skin warts, with 37.5 % of the warts appearing on the hands, 38.8 
% on the feet and 23.8 % on multiple sites.  

At baseline, pregnant women had HPV antibodies to the five HPV types at cut-off 200 
MFI as follows: HPV6, 53.3 %; HPV 11, 21.5 %; HPV 16, 34.9 %; HPV 18, 21.5 % and 
HPV 45, 9.0 %. When the more stringent cut-off (400 MFI) was used, the antibody 
profiles remained similar, but the level of prevalence of each L1 antibody dropped on 
average by 15-20 % (except for HPV 18). There was a slight increase in seropositivity to 
HPV 6, 11 and 16 at a cut-off 200 MFI at the 12 and 24 months follow-up visits, 
reverting back to the level of the baseline status at the 36 months visit, 53.3 %, 15.1 %, 
28.6 %, 23.6 % and 7.3 %, respectively. The same trend for increased seroprevalence at 
the 12 and 24 months visits persisted with the more stringent cut-off, except for HPV 18. 

5.1.1. Predictors of seropositivity 
Overall, 16.4 % (47/286) and 17.8 % (51/287) of the pregnant women were positive for 
genital and oral HPV, respectively. At the same time, 34 (11.8 %) had abnormal cytology 
defined as Pap class II in their cervical smear, of whom 27 % (9/33) were HR-HPV-
positive. HPV DNA typing (of 297/322 women) showed that collectively, HPV6, 11, 16, 
18 or 45 DNA was detected in 16.1 % and 21.5 % of the baseline cervical and oral 
samples, respectively. HPV6 DNA was present in 2.2 %, HPV11 in 1.2 %, HPV16 in 9.3 
%, HPV18 in 2.5 %, and HPV45 in 1.6 % of the cervical samples. In the oral mucosa 
HPV6 DNA was present in 2.4 %, HPV11 in 0.4 %, HPV16 in 21.5 %, HPV 18 in 0.7 % 
and HPV 45 in 0 % of the samples. The type-specific concordance between HPV DNA 
detection and seropositivity was poor to modest. The highest concordance was detected 
for HPV 16: 4.9 % and 9.0 % for genital and oral samples, respectively. Of all women 
who had a HPV 16 positive genital and/or oral sample, 12.1% were HPV 16 seropositive. 
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Altogether, HPV seropositivity was not associated with HPV DNA detection in the 
uterine cervix or oral cavity at baseline. 

 
The significant demographic determinants associated with the seropositivity to LR-
HPV and HR-HPV types at baseline visit were generally similar in time-dependent 
GEE model adjusted for other covariates. There were four independent predictors of 
seropositivity to LR-HPV: age at onset of sexual activity (OR 0.4, 95 % CI 0.25-0.74, 
P=0.002), lifetime number of sexual partners (OR 1.5, 95 % CI 1.01-2.31, P=0.047), 
history of GWs (OR 2.4, 95 % CI 1.13-4.94, P=0.023) and being seropositive for HR-
HPV (OR 3.2, 95 % CI 1.72-5.95, P=0.0001). Seropositivity to HR-HPV types was 
significantly associated with the lifetime number of sexual partners (OR 1.8, 95 % CI 
1.17-2.62, P=0.006), history of GWs (OR 2.2, 95 % CI 1.12-4.27, P=0.021) and being 
seropositive for LR-HPV (OR 3.1, 95 % CI 1.66-5.75, P=0.0001). The baseline 
seroprevalence of anti-HPV-antibodies was not significantly related to age, Pap smear 
result, marital status or smoking history. 

5.2. SEROCONVERSION AND ANTIBODY DECAY 

Seroconversion and antibody decay to the five HPV types was analyzed by Kaplan-
Meier analysis (I). The results are summarized in Table 4. In total, 39.7 % of the 
mothers had seroconverted to HPV 6 and/or 11. Half of the mothers with HPV 
seroconversion (67/134) showed it only for one HPV type, while the other half 
seroconverted for multiple HPV types. In the post-hoc least significant difference tests, 
the time to seroconversion for HPV 18 was significantly longer than that for HPV 16 
(p=0.007), the difference to seroconversion times of other HPV was nonsignificant. 
Cumulative seroconversion to HPV 6 was markedly more frequent than that to any 
other types, reaching rates that are almost twice as high as for any other HPV. 
Cumulative antibody decay between the five HPV types was not significantly different 
(log-rank, p=0.130).  

Table 4. HPV seroconversion and antibody decay in mothers during median follow-up time of 
37.2 months after delivery 
HPV type Seroconversion Decay of antibodies* 

Rate  % Mean time † (95 % CI) Rate  % Mean time † (95 % CI) 
HPV 6 26.7 20.3 (18.2 – 22.3) 2.3 34.1 (27.6 – 40.7)  
HPV 11 13.9 20.8 (17.7 – 23.9) 4.0 28.9 (21.8 – 36.1) 
HPV 16 17.0 18.2 (15.3 – 21.1) 5.3 32.9 (27.1 – 38.6) 
HPV 18 16.8 23.8 (20.5 – 27.1) 4.5 27.2 (19.3 – 35.1) 
HPV 45  6.6 20.7 (16.1 – 25.4) 1.5 35.8 (32.4 – 39.2) 

*among initially seropositive women; † months calculated from baseline visit; CI = confidence interval 

5.2.1. Predictors of seroconversion 
The predictors of seroconversion to LR- and HR-HPV types were analyzed in a time-
dependent GEE model, which adjusts the serial correlation within subjects in 
longitudinal data (Zeger and Liang, 1986). In the univariate GEE model, the only 
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significant predictor of seroconversion to LR-HPV was being unemployed versus 
being a student or employed. For seroconversion to HR-HPV, three variables were 
significant predictors in the univariate model: baseline genital HR-HPV status (HR-
HPV-negative mothers were less likely to convert, P=0.031), marital status (unmarried 
mothers were more likely to convert, P=0.023) and lifetime number of sexual partners 
(linear relationship, P=0.004). 

After adjustment for other covariates, the status of employment (OR 1.5, 95 % CI 1.07-
2.09, P=0.019) and practice of anal sex (OR 0.5, 95 % CI 0.24-0.94, P=0.031) were the 
only predictors for LR-HPV seroconversion. Those who were employed were less 
likely to convert than those who were unemployed. Further, those who practiced anal 
sex seroconverted less probably than those who did not practice anal sex. For HR-HPV 
seroconversion, there were two independent predictors after adjustment for other 
covariates: smoking history (smokers less likely to convert, OR 0.6, 95 % CI 0.40-
0.93, P= 0.021) and lifetime number of sexual partners. There was a linear rise in 
conversion frequency, from 16.2 % among mothers with 0-2 partners up to 39.3 % 
among mothers with >10 lifetime partners (OR 2.0, 95 %CI 1.26-3.03, P=0.003). 

5.3. EFFECT OF PREGNANCY ON HPV (II) 

We wanted to study whether a second pregnancy would have affect genital and oral 
HR-HPV carriage and persistence. A part of the young mothers recruited into the 
Finnish Family HPV study was pregnant for the second time at one of the follow-up 
visits. The effect of a second pregnancy on HPV detection and outcome was tested in 
these women (n=78) against those primiparous women who did not get pregnant for 
the second time during the 36-month follow-up period (n=100). In addition, detection 
of HPV DNA was analyzed in women with a second pregnancy during, between and 
after the pregnancies in a longitudinal setting. Second pregnancies were recorded at 
different time points as follows: 2 (2.6 %) at 6-month, 18 (23.0 %) at 12-month, 37 
(47.4 %) at 24-month and 21 (27.0 %) at 36-month follow-up visit. The visit during the 
second pregnancy was during the first trimester for 18 (23.0 %), during the second 
trimester for 30 (38.5 %) and during the third trimester for 30 (38.5 %) of the women.  

The demographic, clinical and baseline HR HPV DNA data of the two groups with one 
or two pregnancies were compared by univariate analysis. The groups were similar 
with regard to age, mode of first delivery, history of STDs and HR-HPV prevalence in 
baseline cervical (20 % vs 14 %, p=0.285) and oral (19 % vs 18 %, p=0.833) samples.   
Of the other nearly 60 recorded variables, marital status, some sexual preferences and 
time of initiation of OC use were significantly different. The most significant variables 
were marital status (p=0.003) and the number of past sexual partners (p=0.009). 
Women with a second pregnancy were more often married and had fewer past sexual 
partners than women without second pregnancy during follow-up. 

The point prevalence of cervical or oral HR-HPV at different follow-up visits among 
women with and without second pregnancy was statistically similar for the most part. 
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The only significant difference in the detection of cervical HR-HPV was shown at the 
36 month visit, when women with one pregnancy had a substantially higher HPV 
detection rate than women with second pregnancy (19.4 vs 6.5 %; OR 3.46, 95 % CI 
1.23-9.76, p = 0.015). The same was true for oral HR-HPV at the 6 month visit. 
Women with one pregnancy tested significantly more frequently HPV DNA positive 
than women with second pregnancy (30.6 vs 16.0 %; OR= 2.31, 95 % CI 1.09-4.91, 
p=0.024). 

A second pregnancy did not exert any significant effect on either clearance or 
acquisition of incident cervical and oral HR-HPV infections by univariate survival 
analysis. In Cox’s regression model, none of the following covariates predicted 
cervical HR-HPV clearance: age, marital status, age at first pregnancy, smoking, OC 
use, second pregnancy status (group of women), interval between first and second 
pregnancy, trimester of second pregnancy, number of partners during first pregnancy 
and number of past sexual partners. In a similar analysis, a second pregnancy (its 
trimester or interval) was not significant in predicting clearance of oral HR-HPV, and 
the same was true for all other covariates. Similar analyses were repeated for 
acquisition of incident cervical and oral HR-HPV. None of the above covariates 
predicted incident cervical HR-HPV infections. Increasing age was the only 
independent predictor of incident oral HR-HPV (OR=1.18, 95 % CI 1.04-1.33, 
p=0.007). Trimester of the second pregnancy was of borderline significance (p=0.052). 
The second trimester had the highest probability for incident oral HR-HPV (OR=3.95, 
95 % CI 1.18-13.18, p=0.025).  

There was no statistically significant difference in HR-HPV detection in oral or 
cervical mucosa between the first and second pregnancy (Figure 4). However, the HR-
HPV detection rate in both cervical (OR 5.32, 95 % CI 1.7-16.6, p=0.002) and oral 
mucosa (OR 3.19, 95 % CI 1.4-7.0, p=0.005) was significantly higher during the inter-
pregnancy period (= pre-second pregnancy) than during second pregnancy. 

 
Figure 4. HR-HPV detection in A) cervical and B) oral samples during, between and after first 
and second pregnancy. 
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5.3.1. Second pregnancy covariates and HR-HPV carriage and persistence  
The association of a second pregnancy and the other covariates with the detection and 
persistence of HR-HPV DNA in cervical and oral samples was analyzed using the GEE 
model approach. The GEE model approach can better adjust for covariates in this type 
of longitudinal study, where confounders can be multidimensional and interrelated 
(Diggle et al., 1994). None of the covariates were significantly associated with carriage 
of cervical HR-HPV. Of all covariates analyzed, the interval between the first and the 
second pregnancy was the only covariate that was significantly associated with 
detection of oral HR-HPV (p=0.001). This interval seemed to be longer among women 
with oral HP-HPV detected in any of their samples than that among women who 
remained HR-HPV negative. The second pregnancy itself, trimester or its timing (at the 
6, 12, 24 or 36 month visit) were not significantly associated with oral HR-HPV 
carriage in these women.  

None of the second pregnancy covariates were significantly associated with persistent 
cervical HR-HPV. In the adjusted GEE model, however, timing of the second 
pregnancy was significantly associated with persistence (p=0.005). Persistent HR-HPV 
was more likely when the second pregnancy occurred towards the end of the follow-up 
period, i.e., at the 24 or 36 month follow-up visits. As to persistent oral HR-HPV, there 
were two covariates significantly associated in the univariate GEE model: first, 
whether a second pregnancy took place or not (p=0.018), and second, the number of 
partners during the first pregnancy (p=0.002). In the adjusted GEE model, however, 
both variables were excluded because of colinearity with other second pregnancy-
variables and the number of past sexual partners, respectively.  

5.4. HPV DNA IN PLACENTA AND UMBILICAL CORD BLOOD (III) 

To evaluate the possibility of transplacental transmission of HPV, we used nested PCR 
and tyramide-amplified ISH to analyze the presence of HPV DNA in placental samples 
obtained at delivery (III). The results were related to the HPV status of the neonates 
and their mothers and to maternal clinical and demographic variables. HPV DNA was 
detected by nested PCR in 4.2 % (13/306) of the placentas. Of the HPV positive 
samples, seven contained HPV16, five HPV6 and one HPV83 (Table 5a). ISH 
localized HPV16 and HPV6 DNA invariably in placental trophoblasts. Most positive 
signals were localized to the nuclei of these cells, and only weak signals were observed 
in the cytoplasm. 

All HPV DNA positive placentas were macroscopically normal. HPV DNA positivity 
was not statistically significantly associated with any of the maternal demographic 
variables. Two of the HPV+ placental samples were obtained from caesarean sections 
and the remaining 11 from vaginal deliveries. Among the mothers with HPV positive 
placentas the mean time from rupture of the membranes to delivery was 7.6 (2.7 – 
12.4) hours. This was not different from that of the mothers with HPV negative 
placentas (p=0.674). HPV-positivity of the placenta was significantly associated with 
Pap smear abnormality (ASCUS) at enrollment (OR=5.3, 95 % CI 1.63 – 17.35, 
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p=0.011). There was no statistically significant association between HPV DNA 
detection in placenta and in the uterine cervix (p=0.645) or oral mucosa (p=0.708) at 
baseline. If the placenta was HPV positive, the risk of the neonate of being a carrier of 
oral HPV at delivery increased 8.6-fold (p=0.001, 95 % CI 2.73 – 27.13). In general, 
the HPV DNA detection rate in neonates did not differ by mode of delivery. After 
vaginal birth 14.4 % (35/243) of the neonates tested positive for genital HPV and 10 % 
(23/242) for oral HPV. After cesarean delivery the detection rates were 18 % (12/65) 
and 6 % (4/64), respectively. During the follow-up period of three years placental 
HPV-positivity was significantly associated with genital HPV-carriage of the child at 
month 24 (OR=7.2, 95 % CI 1.5-34.0, p=0.026) (previously unpublished data). At 
other time points no significant correlations were found in follow-up.  

We also analyzed umbilical cord blood samples for HPV DNA from all the neonates as 
well as peripheral blood samples from selected mothers. HPV DNA was present in 3.5 
% (11/311) of the cord blood samples. Altogether five samples were positive for HPV 
16, five for HPV 6 and one for HPV 39 (Table 5a). In five cases, both the placenta and 
the cord blood samples were positive for the same HPV-type: two for HPV 16 and 
three for HPV 6. As for the placentas, HPV-positivity of cord blood was significantly 
associated with maternal Pap smear abnormality at enrollment (OR=5.0, 95 % CI 1.39-
18.18, p=0.024). There was no statistically significant association between HPV-
detection in umbilical cord blood and HPV-positivity of the uterine cervix (p=0.384) or 
of the oral cavity (p=0.077) at enrollment. By univariate analysis, HPV-positivity of 
cord blood was significantly associated with the mother’s marital status, the number of 
past sexual partners and a history of GWs. When these three variables and Pap smear 
status were entered into a multivariate regression model, a history of GWs proved to be 
the only independent predictor of cord blood HPV (OR=4.0, 95 % CI 1.09-14.54 
[p=0.036)). This was not confounded by maternal age. When umbilical cord blood was 
HPV-positive, the risk of the neonate being a carrier of genital HPV DNA at delivery 
increased 4.0-fold (p=0.048, 95 % CI 1.08–14.83) and of oral HPV DNA 4.4-fold 
(p=0.039, 95 % CI 1.17–16.14). During the follow-up period of three years umbilical 
cord blood HPV-positivity was significantly associated with genital HPV-carriage of 
the child at month 24 (OR 5.8 95 % CI 1.3-25.8, p=0.038) (previously unpublished 
data). There were no statistically significant associations at the other time points.  
Peripheral blood samples from all mothers with HPV positive placenta or cord blood 
(n=19) tested negative for HPV DNA.  

5.5. HPV DNA IN BREAST MILK (IV) 

We examined the presence of HPV DNA in human breast milk. First, breast milk 
samples taken from 223 women three days postpartum were tested for HPV DNA by 
nested PCR. These results were associated with the HPV status of the spouses as well 
as their demographic parameters in order to identify possible risk factors for breast 
milk HPV positivity (IV). During follow-up, the presence of HPV DNA in 183 breast 
milk samples taken two months postpartum was investigated by nested PCR and 
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subsequent genotyping to evaluate the persistence of HPV DNA in breast milk as well 
as its association with the neonate’s HPV status (previously unpublished data).  

At day 3, HR-HPV DNA was detected in 4.5 % of the samples (10/223) in the cellular 
compartment of breast milk. HPV 16 DNA was identified in nine of them by 
sequencing. One sample was inadequate for sequencing. HPV carriage in milk was not 
associated with genital nor oral HPV DNA status of the mother nor her demographic 
parameters. Instead, it was significantly associated with oral HR-HPV carriage of the 
spouse at 6 months (OR 3.5 95 % CI 1.7-7.5; P=0.021) and 12 mo (OR 2.9 95 % CI 
1.4-5.9; P=0.022) (IV). At two months postpartum, HPV DNA was detected in 19.7 % 
of the samples (36/183) (either HPV type 16, 18, 45, 53, 56, 59, 66 or 82) (Table 5a). 
Two HPV types were found in six samples: HPV 16 and 45 in one sample, HPV 16 
and 53 in two samples, HPV 16 and 59 in one sample, HPV 16 and 66 in one sample, 
and HPV 56 and 82 in one sample.  

There were only 133 mothers with breast milk samples collected both at day 3 and at 
month 2 (Table 5b). Only five out of the ten mothers whose breast milk tested HPV 
positive at day 3 donated a second sample at month 2. Of these samples, four were 
HPV-negative, and one tested HPV-positive for the same type. Twenty-five of the 
cases with HPV in breast milk at month two had been HPV-negative in their first 
sample taken at day 3 postpartum. There was no significant association with HPV in 
breast milk at month 2 and the parental demographics or HPV-status, or HPV-carriage 
of the offspring at two months postpartum. 

Table 5. a) Summary of results on HPV DNA types and detection rates in placenta, umbilical 
cord blood and breast milk. b)  Breast milk HPV DNA status during follow-up. 
 
a) 
 
 
 

 

 
 
 
b) 
 
 
 
 

+ = HPV positive; - = HPV negative; NA= sample not available 

Samples HPV+ % (n/n) HPV Type (n) 

Placenta  4.2 (13/306) 6 (5); 16 (7); 83 (1) 
Umbilical  
cord blood 

3.5 (11/311) 6 (5); 16 (5); 39 (1) 

Breast milk  
3 days postpartum 

4.5 (10/223) 16 (9) 

Breast milk  
2 months postpartum 

19.7 (36/183) 16 (32); 18 (1); 45 (1); 53 (3); 56 
(1); 59 (1); 66 (1); 82 (1) 

Breast milk at day 3 (n=223) / month 2 (n=183) 
HPV status, n 
+ / NA - / NA NA / + NA / - +/+ +/- -/- -/+ 
5 85 10 40 1 4 103 25 
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6. DISCUSSION  

HPV is regarded as the most common sexually transmitted disease, although not a 
typical one (Bosch et al., 2008). HPV can be acquired even without high risk sexual 
behavior (Collins et al., 2002; Winer et al., 2008), and HPV has been detected in 
virgins, infants and children (Syrjänen and Puranen, 2000; Winer et al., 2008). 
However, epidemiological research on HPV has traditionally focused on HR-HPV 
infections at the genital area of sexually active women. Any non-sexual modes of HPV 
transmission and HPV infections in infants have received much less attention. HPV 
infection at early ages and in non-genital epithelia may have important consequences 
for the outcome of the infection (Cason and Mant, 2005). Proper understanding of the 
epidemiology and transmission dynamics of HPV is crucial for the design and 
implementation of successful and costeffective prevention strategies for HPV and 
associated disease (Burchell et al., 2006b). Besides major public health implications in 
decision making policies, a better understanding of the transmission dynamics of HPV 
has consequences for personal health. It is well documented that testing HPV-positive 
imposes a psychosocial stigma on some adult women over and above an abnormal 
cytology result (McCaffery et al., 2006; Waller et al., 2009). Also, problems are likely 
to be encountered in families where a child is diagnosed with a HPV infection (Sinal 
and Woods, 2005). Obviously, more data and a better understanding are needed on 
how HPV infections are transmitted, on the epidemiological determinants involved and 
on infection outcome. These issues are among the aims of the Finnish Family HPV 
Study, which is the first prospective follow-up study of HPV infections at multiple 
anatomical sites within families. 

6.1. REPRESENTATIVENESS OF STUDY POPULATION  

Pregnant mothers at their third trimester were enrolled to the Finnish Family HPV 
Study at the Maternity Unit of Turku University Hospital during the years 1998-2002 
(Rintala et al., 2005a). The study population was on average of the same age as those 
known to have a high HPV DNA prevalence. Although current or previous HPV status 
of the women was not examined before recruitment, it may be assumed that women 
with a history of HPV infections may have been more anxious to enroll into the study. 
In the current cohort, 27 % of the women reported previous GWs. This is markedly 
more than the 10.5 % reported in the recent population-based cross-sectional study of 
similar aged women from Sweden, Denmark, Norway and Iceland (Kjaer et al., 2007). 
Every fifth of the women in the present cohort reported ever having an STD other than 
GWs, which is similar to the study population by Kjær et al. (2007). The reported mean 
number of lifetime sexual partners was about five in the current study, which is the 
average also in larger cohorts of young women from Nordic countries (Kjær et al., 
2007; Skjeldestad et al., 2008). Practicing oral and anal sex at least occasionally was 
frequent among the women in our study, 80 % and 20 %, respectively. The high rate of 
women practicing oral sex may partly explain the high HPV DNA prevalence in the 
oral samples of the present study (D’Souza et al., 2009). The mean age at first full term 
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pregnancy of the participants in this study was 22.9 years, which is significantly lower 
than the average in Finland (27.6 years in 2002) (www.thl.fi). 

6.2. HPV SEROPREVALENCE 

Detection of HPV antibodies indicates prior or ongoing infection, but is not useful for 
diagnosing HPV infections (Dillner et al., 2007). The interpretation of 
seroepidemiology requires data on the natural history of the antibody responses, 
namely seroconversion and antibody decay over time, and this can only be studied in a 
longitudinal setting, as was done in the present study for HPV 6, 11, 16, 18, and 45 
infections. 

According to the literature, not more than 50-60 % of women with cervical HPV16 
infection are concomitantly IgG seropositive when measured with the VLP-based 
ELISA assays (Kirnbauer et al., 1994; Carter et al., 2000; Studentsov et al., 2003). The 
concordance has been lower in studies using multiplex serology (Clifford et al., 2007; 
Dondog et al., 2008). In the present study, the concordance between HPV DNA status 
and HPV seropositivity at baseline was modest or poor, and even lower than reported 
previously. A poor concordance is generally accepted, since HPV DNA detection is 
usually a transient phenomenon (Ho et al., 1998; Moscicki et al., 1998; Franco et al., 
1999), development of antibodies requires time from exposure and antibodies do not 
develop in every woman (Carter et al., 2000; Ho et al., 2004; Steele et al., 2008) and 
antibodies may persist after viral DNA has been cleared (Carter et al., 2000; Ho et al., 
2004; Steele et al., 2008). Also, HPV infections have many manifestations, even 
without the expression of capsid proteins, against which the antibody responses are 
measured. Furthermore, the assessment of antibodies cannot distinguish at which site 
the infection occurred. Indeed, by assessing DNA positivity at any anatomical location, 
we could obtain a better agreement between seropositivity and DNA positivity. This 
suggests that also oral HPV infection contributes to the serological response. 

Comparisons between absolute seroprevalence rates for the different HPV types 
published earlier are of limited value, because of a variety of assay systems, antigen 
targets and cut-off definitions have been used (Carter and Galloway, 1997; Ferguson et 
al., 2006). There is some evidence that the Multiplex assay used in the present study 
has a higher sensitivity than traditional VLP-based ELISAs (Waterboer et al., 2005; 
Achour et al., 2009; WHO HPV LabNet). The baseline seroprevalence for all HPV 
types in the present study was higher than reported previously (Studentsov et al., 2003; 
Lehtinen et al., 2006; Skjeldestad et al., 2008). When more stringent (400 MFI) cut-off 
values for the L1 antibodies was used, seroprevalence declined by 15-20 %, and in 
particular, the seroprevalence of HPV 16 (20 %) and HPV 18 (8 %) was in line with 
previous reports on pregnant women (af Geijersstam et al., 1998; Hagensee et al., 
1999; Kibur et al. 2000; Kaasila et al., 2009). 

There was a significantly higher seroprevalence of HPV 6 than of the other four types 
tested. Few other studies have reported such high prevalences. Van Doornum and 
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colleagues (1998) reported antibody prevalences of 58 % and 48 % to HPV 6 and 11, 
respectively, among HPV DNA negative heterosexual adults with multiple partners. 
They also reported that 4 % and 17 % of sexually inexperienced teenage girls were 
seropositive for HPV 6 and 11 with relatively high absorbance values, respectively. 
This may indicate that HPV 6 and HPV 11 immunoreactivity is, to some extent, caused 
by HPV exposure at non-cervical sites and before the individual becomes sexually 
active. Thus, the wide variation in HPV seroprevalence rates can be explained not only 
by different sensitivities and specificities of serological assays, but also by different 
study populations. The present population may be biased, since a relatively high 
proportion of women reported a history of GWs. However, Lehtinen and co-workers 
(2006) reported an increase in HPV 6 and 11 seroprevalence among 23-32-year-old 
women from about 10 % in 1983-1988 to 16 % in 1989-1994 in the Turku area 
(Lehtinen et al., 2006), from where the present study population was enrolled during 
1998-2002. It is possible that the seroprevalence continues to increase further due to 
changes in sexual behavior. Serological studies are indeed valuable for demonstrating 
time trends in HPV epidemiology (Laukkanen et al., 2003).  

In agreement with previous studies, the lifetime number of sexual partners proved to be 
an independent predictor of seropositivity to HR-HPV (Dillner et al., 1996; Wideroff et 
al., 1996; Carter et al., 1996; Viscidi et al., 1997; Silins et al., 2000; Wang et al., 2000; 
Stone et al., 2002; Studentsov et al., 2003; Clifford et al., 2007; Skjeldestad et al., 
2008). Two additional independent predictors were identified in this study: being 
seropositive for LR-HPV, and a history of GW. Similar covariates were also predictors 
of seropositivity for LR-HPV, in addition to young age at onset of sexual activity. 
Some studies have found differences between the risk factor profiles for antibodies to 
HR- and LR-HPV (Silins et al., 2000). In the presetn study, essentially similar 
predictors of both HR and LR antibodies were identified. Interestingly, seropositivity 
for either the LR- or HR-HPV types also conferred an increased risk of seropositivity 
for the other HPV group. This has been previously reported by Silins and colleagues 
(2000), who also found an association with a history of GW and LR-HPV 
seropositivity. These data imply that the same people are exposed to many different 
HPV types, and that the LR-HPV types are probably the first. This would be in 
agreement with the detection of a higher baseline seroprevalence of HPV6 and 11 than 
of HPV 16 and 18 in the present cohort (I). Women who have seroconverted to one 
HPV type have a higher probability of seroconverting to other HPV types. In the 
current work 50 % of the seroconverted women showed seroconversion to several HPV 
types (I). Genetic or immunological predispositions may also play a role in the 
outcome of response to HPV, but these issues are poorly understood (Silins et al., 2000; 
Carter et al., 2000). 

6.3. DYNAMICS OF ANTIBODY RESPONSE TO HPV 

HPV seroconversion after pregnancy was common (I), even more frequent than 
previously observed (Kibur et al., 2000). Antibody decay over three years was rare, 
and no significant differences were observed between the five HPV types tested. 
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Previous studies on HPV antibody decay have been inconclusive. While detectable 
HPV antibody levels have been reported to last several years and be stable over time 
(Shah et al., 1997; af Geijersstam et al., 1998; Villa et al., 2006), also opposite results 
showing an antibody decay in ~50 % of seropositive subjects within three years have 
been published (Ho et al., 2004). This controversy may partly be explained by different 
study settings. Studies reporting a higher frequency of antibody decay have been done 
in initially seronegative populations where antibody responses are observed after 
positive DNA detection (Carter et al., 2000; Wang et al., 2004). It is likely that very 
short-lived infections or virus exposures may not induce seroconversion to stable 
antibody levels (Carter et al., 2000; Ho et al., 2004). In the present study antibody 
decay was recorded in women who had already seroconverted to HPV. Thus, they may 
represent a population who has reached a stable antibody levels. Although not directly 
analysed in this study, there are indications that part of the HPV antibody responses are 
transient in nature, as the seroprevalence rates at different time points were not 
increased during the follow-up although seroconversion was observed to be frequent 
(I). 

The independent predictors of HR-HPV seroconversion were high lifetime number of 
sexual partners and history of not smoking (I). These factors were also reported by Wang 
and collagues (2004) as predictors of HPV 16 seroconversion. Recently, in line with the 
results of this study, smoking impairs HPV 16 and 18 capsid antibody response (Wiley et 
al., 2006; Simen-Kapeu et al., 2008). Instead, the only predictors of LR-HPV 
seroconversion were status of employment and practice of anal sex. Those who 
participated in anal sex were less likely to convert than those who never practiced anal 
sex. Anal sex has been rarely recorded in HPV seroepidemiology of females, although it 
has been shown to be associated with incident HPV infections (Ho et al., 1998). 
Generally, anal sex is associated with lower rates of condom usage than vaginal 
intercourse, placing women practicing anal sex at high risk for STIs (Halperin, 1999). 
Also, antibody responses elicited by HPV at the anorectal mucosa may differ from 
responses elicited by HPV at other sites. Frequent anal sex may lead to continual HPV 
exposure and steady levels of antibodies. Thus, women who frequently practice anal sex 
are less likely to be identified as seroconverters in study settings like the present one.  

6.4. HPV AND PREGNANCY 

Pregnancy is often implicated as a risk factor for HPV infection due to hormonal and 
immunological changes. However, there is no solid support for this in the literature, 
and reported HPV detection rates in the genital mucosa during pregnancy vary as much 
as 5.2 % to 68.8 % (Arena et al., 2002). In the current study the genital HPV carriage 
during first pregnancy was 14-20 % and during second pregnancy 5.3 %, in accordance 
with previous studies (de Roda Husman et al., 1995b; Tenti et al., 1997; Chan et al., 
2002; Smith et al., 2004). 

Women who decide to have children are likely to differ from those women who do not 
have children - especially with regard to sexual practices, known to be important risk 
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factors for HPV infection.  This work showed behavioral differences even between 
women with only one pregnancy and those having a second pregnancy soon after first 
pregnancy. Marital status, number of past sexual partners, frequency of intercourse, 
anal sex and age at onset of oral contraception were significantly different between 
these two groups, which might indicate commitment to family life among women 
having a subsequent pregnancy soon. Although not obvious from the HPV DNA 
prevalence rates, the differences in HPV exposure were reflected in seroprevalence 
rates of the two groups at enrolment, as women with only one second pregnancy had 
significantly more HPV 6 and 18 antibodies when analyzed afterwards (unpublished 
data).  

This study was not able to show that pregnancy increases HPV carriage, in line with 
many other studies relying on PCR based methods for HPV detection (de Roda 
Husman et al., 1995b; Tenti et al., 1997; Chan et al 2002). Nor could this study show 
that pregnancy impairs the outcome of HPV infection (II). Most HPV positive 
pregnant women had a normal cervical cytology. Furthermore, the current study could 
not confirm the effect of gestational age on genital or oral HR-HPV detection, contrary 
to Rando et al. (1989) and Morrison et al. (1996). Tenti and collaegues (1997) 
concluded that pregnancy as a general expression of a more conscious social and 
sexual behavior might even be regarded as protecting against infection. Indeed, this 
study found that among women with a second pregnancy within three years of the first 
delivery, the subsequent pregnancy may even decrease the detection of genital and oral 
HPV (II).  

Although high parity is a recognized risk factor for cervical cancer (International 
collaboration of epidemiological studies of cervical cancer 2006), it does not seem to 
be a risk factor for HPV positivity (Vaccarella et al., 2006b). Some previous studies 
have suggested that increasing parity may even decrease the risk of HPV infections 
(Morrison et al., 1996; Hernandez-Giron et al., 2005; Leinonen et al., 2008). In this 
study, shorter birth interval between the first and the second pregnancy was 
significantly associated with decreased oral HR-HPV carriage in the adjusted GEE 
model (II). There are no earlier studies on the effect of a short parity interval on the 
risk of HPV infection. However, giving birth at intervals of less than one year has been 
associated with a lower risk of cervical cancer, and it has been noted that women with 
shorter intervals had fewer sexual partners (Hoyo et al., 2007). The biological effect of 
pregnancy on HPV infection is yet to be determined. Although cell-mediated immunity 
is suppressed during pregnancy, the suppression seems to be compensated for by an 
activation of innate immune responses (Veenstra van Nieuwenhoven et al., 2003). In 
the current study, the effect of pregnancy on HPV antibody levels was not directly 
analyzed. Overall, there were no significant changes in the dynamics of HPV 
antibodies between mothers with one or two pregnancies during follow-up 
(unpublished data).  

The second pregnancy seemed to be of little impact on carriage and persistence of 
cervical and oral HR-HPV over time (II). Few other longitudinal studies discuss the 
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effect of pregnancy on the incidence and clearance of HPV infections.  Minkoff and 
co-workers (2006) reported that the prevalence and copy number of HR and LR types 
among HIV infected women were not different when pregnant and non-pregnant 
women were compared, but the incidence of HPV was significantly lower during 
pregnancy than after delivery (Minkoff et al., 2006). Very recently, Banura and co-
workers (2008) analyzed HPV infections among young primiparous pregnant women 
aged <25 years in Uganda, and found a high HPV incidence during pregnancy and 
after delivery. However, also clearance was frequent, leaving overall HPV prevalence 
unchanged during the observation period (Banura et al., 2008). Although these studies 
were conducted among very different study populations than the present one, the 
results in study II are in concordance, suggesting that pregnancy does not increase 
vulnerability to HPV infection. 

6.5. EXTRAMUCOSAL HPV AND VERTICAL TRANSMISSION 

The debate on HPV transmission as being sexually transmitted or sexually activated 
has been going on since the confirmation of the infectious nature of HPV-associated 
disease (Rotkin, 1967; Dillner et al., 1999; Rice et al., 1999; Cymet, 2006). Currently, 
several lines of evidence suggest that vertical transmission exists, but that the rates and 
routes have not been established (Dillner et al., 1999; Cason and Mant, 2005; 
Castellsagué et al., 2009). Vertical transmission might take place in utero, perinatally 
in the infected birth cancal or postnatally via breastfeeding. To study in more detail 
these options, the presence of HPV DNA were measured in placenta, umbilical cord 
blood and breast milk (III, IV). 

The present series represents thus far the largest series of placenta, umbilical cord 
blood and breast milk specimens subjected to HPV analysis. HPV DNA was detected 
in the placenta and cord blood in 4.2 % and 3.5 % of the deliveries (III). In breast milk 
HPV DNA was detected in 4.5 % and 19.7 % of samples obtained three days and two 
months after delivery, respectively (IV). Previously, the reported detection rates of 
HPV DNA in placenta have varied from 0 % to 42.5 %, and in cord blood from 0 % to 
13.5 % (Previous literature listed in Appendix 1). Only very recently, another paper 
investigating the presence of HPV DNA in secretion of mammary ductal epithelium 
was published (Cazzaniga et al., 2009). This study included 25 breast milk and 10 
colostrums samples from lactating Japanese mothers and the detection rate of HPV 
DNA in these milk samples was ~8 % (3/35).  

The differences in the rates of detecting intrauterine HPV in previous studies may be 
partly explained by different study populations. Lowest detection rates have been 
reported in studies which have excluded women with clinical HPV infections (Eppel et 
al., 2000; Worda et al., 2005). In this study a history of HPV was not an exclusion 
criterion. Indeed a history of GWs turned out to be an independent predictor of cord 
blood HPV positivity (III). In addition, placental and cord blood samples positive for 
HPV were related to Pap smear abnormalities detected before delivery. Among women 
with no history of GWs or abnormal cervical cytology during pregnancy the detection 
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rate of HPV in placenta was 2.7 % (6/225) and in cord blood 1.8 % (4/224) 
respectively. The varying results may also be due to sampling techniques, because only 
a tiny proportion of placenta is subjected to HPV analysis.A recent study by Rombaldi 
and co-workers (2008) demonstrated that the combined use of scraping methods and 
biopsies from both sides of the placental disk resulted in more frequent detection of 
placental HPV. In their study, HPV DNA was detected in 24.5 % of the placentas. The 
detection rate in biopsies from the maternal side of the central part of placenta was 2.0 
% (Rombaldi et al., 2008). Similar biopsies were used in the present study and the 
HPV DNA prevalence was comparable (III).  

Previous studies have implicated HPV infection of the placenta as contributing to some 
miscarriages (Hermonat et al., 1997; Matovina et al., 2004; Srinivas et al., 2006), 
genetic abnormalities of the fetus (Matovina et al., 2004) and spontaneous preterm 
delivery (Gomez et al., 2008). Placental dysfunction caused by HPV has been 
supported by studies in vitro (You et al., 2003; Gomez et al., 2008). In the present 
study, all HPV positive placentas were from normal pregnancies (III). The gestational 
age, history of preterm births or previous miscarriages did not differ between mothers 
with HPV positive and HPV negative placentas. All the HPV positive placentas 
appeared normal upon examination done by midwives in the delivery ward. However, 
examination of this kind is a rather insensitive method (Kaplan, 2008). 

The origin of HPV in the placenta, umbilical cord blood or in breast milk is not known. 
The current consensus is that HPV multiplies locally at the site of entry on skin or 
mucous epithelia without viremia. However, there are reports on the presence of HPV 
DNA in the peripheral blood mononuclear cells (PBMCs) (Pao et al., 1991; Tseng et 
al., 1992). In the case of intrauterine HPV, the virus may ascend from the maternal 
genital tract or with blood through the placenta (Tseng et al., 1992; Armbruster-Moraes 
et al., 1994). Also infection by contaminated sperm cells at the time of conception is 
possible (Lai et al., 1996). Tseng and coworkers (1992) noted that HPV DNA in 
umbilical cord blood was more closely related to the status of HPV DNA in maternal 
PBMCs than in maternal cervicovaginal cells. The current study did not detect any 
HPV in maternal peripheral blood samples (III). Armbruster-Moraes and colleagues 
(1994) reported a positive correlation between the grade of cervical lesions and the 
presence of HPV DNA in amniotic fluid and suggested ascending infection. In the 
present study population, HPV detection in cord blood or placenta was associated with 
a maternal history of productive genital HPV infection, but not with maternal HPV 
DNA detection before delivery (III). This may be due to inadequate sampling or false 
negative DNA-scrapings. Also, HPV may have infected the placenta at an earlier stage 
of pregnancy and could have cleared from the cervix.  

It seems feasible that a high viral load may result in widespread contamination of the 
genital tract, and this may increase the risk of an ascending intrauterine infection. It 
cannot be excluded that HPV was present on the endometrium already at the stage of 
trophoblast invasion. HPV DNA has been detected high up in the female genital tract 
up to the endometrium and even ovaries, but the significance of these findings is 
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uncertain (Lai et al., 1992; O’Leary et al., 1998; Fedrizzi et al., 2009). Furthermore, 
subjects with productive infections and manifest clinical lesions may also be more 
susceptible to persistence and spreading of HPV, maybe due to some genetic factors or 
altered immune responses. Rombaldi and coworkers (2008) reported a significant 
association between placental HPV and immunosuppressive status of the mother. 
Interestingly, in a very recent study by Fedrizzi and colleagues (2009), HPV DNA was 
3.5 times more frequently present in the normal endometrium of smokers than non-
smokers (25 % vs 7 %), although this difference was not statistically significant. In the 
present study (III), a similar trend was observed, as HPV DNA was 3 times more 
prevalent in the placenta of women who had ever smoked than of women with negative 
smoking history (6.4 % vs 2.1 %).  

Epithelial cells from mammary ducts, nipple or skin could be a source of HPV, as HPV 
replication in primary human mammary ductal epithelial cells has been demonstrated 
(Ozbun et al., 2009). Also, there are reports of HPV DNA or HPV-associated lesion at 
these sites (Googe et al., 2000; de Villiers et al., 2005; Khan et al., 2008). It has been 
hypothesized that mammary epithelial cells that partly lose control in proliferation are 
more susceptible to persistent HPV infection (Liang and Tian, 2008). There was no 
significant correlation between the presence of HPV DNA in breast milk and maternal 
HPV DNA status or demographic parameters in the present study (IV). However, there 
was significant correlation between HPV in breast milk at day 3 and the presence of 
HR-HPV in oral scraping obtained from the male partner. Oral HPV infection in the 
father might be transmitted to epithelial cells of the breast of the female partner or vice 
versa. This view is supported by the study of de Villiers and coworkers (2005) 
suggesting a pathogenic mechanism involving HPV transfer in a retrograde fashion via 
the nipple, areola, lactiferous ducts and mammary sinuses.  

The possibility of contamination of the placenta, umbilical cord blood and breast milk 
samples with HPV DNA must be taken into account. The possibility of laboratory 
contamination was monitored by including several negative controls in the analysis and 
conducting strict laboratory discipline, but there is still a possibility that the samples 
were contaminated during collection. However, the HPV DNA of the placental 
samples was localized in the trophoblasts with ISH, and this excludes surface 
contamination from the birth canal (III). Regarding breast milk samples, contamination 
in the hospital from the mother’s hands or skin surrounding the nipple cannot be ruled 
out. Sonnex et al (1999) reported that 27 % of subjects with genital infections had the 
same HPV type on their fingers. More recently, Thomas and co-workers (2009) 
reported that about 25 % of sexually active young men had incident mucosal HPV 
DNA in fingernail tip specimens, with HPV-16 and HPV-84 being the most common 
types (Thomas et al., 2009). The mothers participating in the present study washed 
their hands but not the nipple area before giving the breast milk samples (IV). In the 
paper by Cazzaniga and colleagues (2009), also the nipple area was washed 
extensively, after which the samples were collected by dropping the liquid directly into 
sterile tubes without any contact between the skin and the sterile tubes. Still, the results 
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of the study by Cazzaniga et al. (2009) and the current study (IV) are in agreement and 
that HPV DNA is truly present in the breast milk proper.  

The large number of mother-infant pairs analyzed in the Finnish Family HPV Study 
has made it possible to explore the consequences of the presence of HPV in the 
placenta, umbilical cord blood and breast milk with regard to the child, which is 
perhaps the most intriguing aspect of this study. Previously, only a limited number of 
mother-newborn pairs have been studied for perinatal transmission of HPV (Rombaldi 
et al 2008), and specifically, this is the first study to calculate the possible risk of viral 
transmission from mother to child when there is an HPV positive placenta or HPV 
positive cord blood. In agreement with previous studies, the present results suggest that 
HPV can pass the barrier of maternal-fetal interface (III), making intrauterine 
transmission of HPV a potential but rare route of infecting the offspring. As shown in 
paper III the presence of HPV DNA in cord blood and/or placenta increases 
significantly the risk of the neonate testing HPV positive for the oral or genital mucosa 
at birth. Also, there was a significant association between HPV in the placenta or cord 
blood and genital HPV carriage of the child at month 24 (previously unpublished data). 
In general, 15 % and 9 % of the neonates included in the study tested HPV positive for 
the genital and oral mucosa at delivery. The delivery mode did not have any predictive 
value for the neonate’s HPV status. This is in line with earlier studies, showing that 
cesarean deliveries do not protect neonates against HPV (Medeiros et al., 2005).  

Vertical transmission of other viruses, e.g. HIV and cytomegalovirus, via breast 
feeding is known (Dworsky et al., 1983; Kourtis et al., 2001). However, we found no 
association between HPV positivity in breast milk at day three or month two 
postpartum and the oral HPV DNA status of the neonate during the first two months. 
This may be explained by the low viral copy number detected in the samples by nested 
PCR and hybridization. It is not possible to ascertain whether infectious viral particles 
were present in the milk samples. Breast milk is part of the mucosal immunity with 
innate and adaptive defence properties that are likely to be protective. Future analyses 
of these antiviral properties will hopefully shed more light on the significance and 
infectivity of HPV in breast milk. 

6.6. STUDY STRENGTHS AND LIMITATIONS 

This study is part of the ongoing Finnish Family HPV study with several aims, of 
which only a minority could be included in the current work. The importance of many 
of our findings awaits clarification from the future studies, when all the samples taken 
in the study have been analysed and longer follow-up data is available. However, the 
data presented here provides new data on HPV with many implications. 

The current study suggests that previous and current exposure of mothers to HPV is 
common. HPV seroconversion after pregnancy is also frequent. This kind of data may 
help in identifying target populations for HPV prevention programs. However, it is 
appropriate to recall that seroepidemiological data of HPV needs to be interpreted with 
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caution, because there are uncertainties about the specificities and sensitivities of 
serological assays. The multiplex serology method used in this work to test HPV 16 
antibodies has been tested and qualified (WHO HPV LabNet). The lack of HPV DNA 
data and demographic data of the mothers in the follow-up hindered the estimation of 
biologically more plausible seroconversion and antibody-decay times and the 
predictors of these factors. Incorporating such data in the analyses would also provide 
the possibility to analyze non-seroconvertors as well as any protection afforded by 
antibodies.  

A major strength of the study on HPV and pregnancy is in its prospective design and 
attempt to control for potential confounding factors. However, this study has 
limitations. The Finnish Family HPV study was not planned to assess the effect of 
pregnancy on HPV but the dynamics of HPV in families. During follow-up of the 
whole cohort a proportion of the mothers became pregnant again, and a unique 
opportunity to assess the effect of a second pregnancy was provided. Because the 
samples were collected only at 6-12 months interval, short-lived changes in the risk of 
incident infections or clearance during pregnancy would not have been detected. 
Furthermore there is a risk that the actual effect of the second pregnancy is diluted by 
the ways of which the women were grouped and covariates made for the statistical 
analysis. Namely, grouping women into two groups according to whether or not a 
subsequent pregnancy occurred at some time point during the follow-up fail to adjust 
for the actual timing of second pregnancy, and hence, this is not the actual covariate for 
to reflect the effect of the “second pregnancy status”. Timing of the second pregnancy 
and the interval between the two deliveries were shown to have some effect on HPV 
infection and outcome, but the significance of these findings is biased by the fact that 
several of the women were still pregnant at the 36-month visit. Also, the number of 
women in the study cohort was relatively low. However, the results (II) are in line with 
the recent literature suggesting that pregnancy is not a period of particular vulnerability 
to HPV infection, which is important, as HPV infections are most frequent in young 
women at the age of family planning. 

The current study showed for the first time that the presence of HPV DNA in the 
placenta and/or cord blood significantly increases the risk of the neonate to test HPV 
positive at birth. This study represents the largest cohort of placentas and umbilical 
cord blood specimens subjected to HPV DNA analysis to date. Furthermore, for the 
first time, the presence of HPV DNA in breast milk was demonstrated with reasonable 
certainty. In the placenta, the PCR results could be verified by the use of ISH. Positive 
signals specifically localized in trophoblasts indicate the true presence of HPV in these 
cells and exclude the possibilty that there would be surface contamination from the 
maternal birth canal. Thus, these findings, together with previous reports on the 
presence of HPV in PBMCs, umbilical cord blood and placenta, as well as in vitro 
studies on HPV replication in cultured placental trophoblast support the view that HPV 
is not strictly a keratinocyte-specific pathogen. 
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7. CONLUSIONS 

1. Previous and current exposure of mothers to HPV is common. Sexual activity 
plays a major role in eliciting the antibody response to HPV. Age at onset of 
sexual activity, number of sexual partners until age 20, lifetime number of 
sexual partners, history of genital warts and simultaneous seropositivity to 
HR/LR types predict the LR-HPV and HR-HPV seropositivity. HPV 
seroconversion after pregnancy is common, and the titers of the HPV 
antibodies decay only seldom over three years. 

2. A second pregnancy is of minor impact on carriage and persistence of oral and 
cervical HR-HPV infections. This argues against the common claim that 
pregnancy is a risk factor for HPV infection. A second pregnancy might even 
decrease the rate of detection of HR-HPV in genital and oral locations, but this 
effect seems to be transient. Women committed to a second child soon after 
their first pregnancy do not seem to share many of the behavioral risk factors 
for HR-HPV, which are more common among those not opting for second 
pregnancy  

3. Any given person may become exposed to HPV even early in life. A low but 
substantial percentage of placenta and umbilical cord blood samples contain 
HPV DNA at delivery. Localization of HPV in placental trophoblasts suggests 
that HPV truly infects the placenta. For the first time, HR-HPV DNA was also 
detected in breast milk. HPV DNA in breast milk was associated with the oral 
HPV status of the father. HPV detection in placenta and cord blood was 
associated with a maternal history of abnormal pap-smears and genital warts. 
HPV DNA in the cord blood and/or placenta increased the risk of a neonate 
testing positive for HPV at birth. The mode of delivery did not predict the 
presence of HPV DNA in the placenta or cord blood, nor the neonate’s HPV 
status.  
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