
1

Značilnosti okužbe s HPV 

Mario Poljak, Boštjan J. Kocjan, Anja Oštrbenk, Lea Hošnjak

Inštitut za mikrobiologijo in  imunologijo
Medicinska fakulteta, Univerza v Ljubljani

Razvrščanje in splošne 
lastnosti HPV

The PapillomaVirus Episteme (PaVE)
http://pave.niaid.nih.gov/#home
status: October 14, 2014

HPV-199
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HPV-46, HPV-55, HPV-64 and HPV-79 did not meet the criteria as a unique HPV 
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JVI 2014;88:7307-16.

the largest database of globally circulating HPV-6 genomic variants 

total of 130 new complete HPV-6 genome sequences (out of 190)

association of HPV-6 variant lineages/sublineages with:
- geographical location 
- anatomical site of infection/disease
- gender

Zgradba in pomnoževanje HPV

The initial steps of HPV infection take place on the basement membrane, in 
contrast to the typical viral infection that is initiated by binding to the cell 
surface.

The basement membrane is the site of a series of conformational changes in 
the viral capsid that leads to protease digestion of L2 and exposure of its N 
terminus. 

6. Release of viral DNA
into the nucleus

1. Binding to the
basement  membrane 
and/or extracellular
matrix

2. Binding to first host cell
receptor (heparan sulfate 
proteoglycan-HSPG1)

3. Conformational 
change of the 
viral capsid

4. Furin cleavage of L2  
and binding to second 
HPV receptor

5. Entry into the cell (via endocytosis)
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Sapp M, Day PM. Virology 2009;384: 400-9.
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J Pathol 2012; 227: 62–71

J Pathol 2012; 
227: 62–71
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Imunologija okužbe s HPV

HPV 
Viral characteristics

exclusively intraepithelial pathogens (avoidance of antigen presentation)

do not lyse keratinocytes (no cell death, no inflammation)

no blood-borne phase of the HPV life cycle

only minimal amounts of replicating virus are exposed to immune system 

HPV 
Viral characteristics

HPV encode proteins that inhibit apoptosis and delay the differentiation 
program of the infected keratinocyte

HPV downregulate interferon responses and disable the epithelial LCs

the virus is practically invisible to the host who remains ignorant 
of the pathogen for long periods of time

Seroconversion
Anti-L1 
Antibody

6–12 months
Cell-Mediated 

Immune 
Response

Natural History of HPV Infection

• antibody response to HPV infection is slow and weak

• only 54%–69% of women seroconvert within 18 months of incident infection

Clearance ?

Sustained clinical
remission ?

Clearance ?

Sustained clinical
remission ?

Persistent or 
progressive

disease

Seroconversion
Anti-L1 
Antibody

6–12 months 8–14 months
Cell-Mediated 

Immune 
Response

Natural History of HPV Infection
Natural immunity against HPV

54%–69% of women seroconvert; low-level antibodies

vs.

Vaccine induced immunity against HPV
virtually all women seroconvert; high-level antibodies
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JID 2014;210:517-34. 

HPV-16

JID 2014;209:304-13. 

HPV-18

Why are vaccines “better” than nature ??

Natural infection 
– no viraemia, poor access of virus to lymph nodes

HPV vaccines 
- delivered intramuscularly 
– rapid access of VLPs to blood vessels and local lymph nodes

BONUS

VLPs are very immunogenic:
- display many neutralising epitopes (more than native virion)
- induce good T-cell helper responses for B-cells

- important for robust antibody and B-cell memory responses

Why are vaccines “better” than nature ??
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6. Release of viral DNA
into the nucleus

1. Binding to the
basement  membrane 
and/or extracellular
matrix

2. Binding to first host cell 
receptor (heparan 
sulfate proteoglycan)

3. Conformational 
change of the 
viral capsid

4. Furin cleavage of L2  
and binding to second 
HPV receptor

5. Entry into the cell (via endocytosis)
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Sapp M, Day PA. Virology 2009;384: 400-9. 

1. Prevent binding to cell surface/basement membrane receptors

2. Prevent the conformational changes in the virus needed for viral entry

Molekularni model karcinogeneze, 
posredovane z visokorizičnimi 

genotipi HPV

Vousden K. FASEB J 1993; 7: 872-9. 

A review of over 190 integration loci confimed that HPV integration sites 
are randomly distributed over the whole genome.

Wentzensen N et al. Cancer Res 2004; 64: 3878-84.  
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Genome Res 2014; 24: 185-99.

Schiller JT, Lowy DR. Nat Rev Microbiol 2012;10:681-92. 

High-risk alpha HPV genotypes – related cancers 
HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59

Osnovni koncept diagnostike 
okužbe s HPV

HPV !!!

HPV test ?
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eight HPV types which have been rarely but consistently identified as single HPV infections in about 
3% of cervical cancers worldwide

55 CxCa tissues harbouring single pHR-HPV infections (2–13 cases per type) and 266 tissues 
harbouring single HR-HPV (7–40 cases per type) from a worldwide cross-sectional study

in 55 CxCa tissues E6*I mRNA expression was 100%; high p16INK4a, 98%; low pRb, 96%; low CyD1, 
93%; and low p53, 84%

individual frequencies of five markers compared to HPV16 as a reference did not differ significantly

eight HPV types, when present as a single infection in CxCa, are biologically active and affect the same 
cellular pathways as any of the fully recognized carcinogenic HR-HPV types 

although this evidence is crucial for HPV-type carcinogenicity classification, per se it is not sufficient 
for inclusion of these HPV types into population-wide primary and secondary prevention programmes 

HPV Test

High genotypes coverage BALANCED = ARTIFICIALLY REDUCED

High analytical sensitivity BALANCED = ARTIFICIALLY REDUCED

High analytical specificity NECESSARY

High clinical sensitivity !!!!

High clinical specificity !!!!
CIN 2+

Ideal HPV Test

optimal balance between clinical sensitivity and clinical specificity for CIN2+

aim to minimize redundant/excessive follow-up procedures for hr-HPV positive 

women with transient hr-HPV infections and/or without cervical lesions 

*****

HPV assay with very high analytical sensitivity yield a large number of clinically 

insignificant positive results

unnecessary follow-up, diagnostics procedures and treatment of healthy women 

Requirements of HPV tests in primary cervical screening

1. A clinical sensitivity for CIN2+ not less than 90% of the clinical sensitivity 

of the hc2 in women of at least 30 years. 

2. A clinical specificity for CIN2+ not less than 98% of the clinical specificity 

of the hc2 in women of at least 30 years of age. 

3. Intra-laboratory reproducibility and inter-laboratory agreement with a lower 

confidence bound not less than 87%. 
2010 70 commercial HPV assays on the market

2012 125 commercial HPV assays (and 84 variants) on the market
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HPV Tests

- only a small subset of HPV tests has documented clinical performance

- 75% of HPV tests on the market without a single peer-reviewed publication 

- several clinically unvalidated HPV assays are used worldwide in daily practice

2010 70 commercial HPV assays on the market

2012 125 commercial HPV assays (and 84 variants) on the market

2014 145+ commercial HPV assays (and 90+ variants) on the market

non-validated HPV tests should not 
be used in clinical management


