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Take-home messages: 
 

1.  The purpose of viral life is to replicate itself. (its associated     

           pathogenesis or human diseases are secondary effects) 

2.  Virus utilizes host machinery to replicate. 

  (cellular and organal)  

3.  The ultimate form of parasitization is to co-exist with the host.   

 (at both individual and population levels) 

4.  Studies of viruses have double meanings. 

  (medically important and scientifically interesting) 

5.  Herpesvirus has two phases of the life cycle:  

 latent infection and lytic infection.  

6.  Which types of HPV are considered “high risk” that may cause  

            pre-cancerous lesions and lead to cervical cancer? 



1. Introduction of herpesviruses 

2. Herpesviral latency  

3. Mechanism of herpesviral replication  

4. Oncolytic virotherapy 

Herpesvirus 

Papillomavirus 

1. Characteristics of HPV 

2. Epidemiology of genital HPV infection  

3. Pathogenesis, Clinical manifestations and 

sequelae 

4. Diagnosis, Treatment & Prevention 



Changes in cell that are at the 

roots of cancer 

   Genetic and epigenetic alterations: 
            (Proto-oncogene, tumor suppressor gene, mutator gene) 

Mutations 

Deletions 

Recombinations 

Transpositions 

Epigenetic alterations (DNA methylation, imprinting) 

  
 

Acquisition of VIRAL genetic material 

  



Javier, R. T. et al. Cancer Res 2008 

Virus      30-40%  Human Cancers 

Timeline of Advances on Tumor Virology 



Nobel Prize Winners in Tumor Virology 
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 Integrations that cause activation or 

inactivation of oncogenes or tumor 

suppressors (e.g. RNA viruses) 

 Expression of genes that alter key signal 

transduction pathways - this is our focus 

 Chronic activation of inflammatory 

responses 

How do Viruses Contribute 

to Cancer? 



  Viruses and cancer cells have similar needs: 

• Proliferation control 

• Cell death control 

• Modulation of immune response 

• Induction of vascularization 

• Metastasis (tumor)/ 

       cell migration (viruses) 

Why do viruses cause cancer? 



 DNA VIRUSES 

•Small DNA tumor viruses 

   - Adenovirus 

   - Hepatitis virus B (HBV) 

   - Human Papilloma virus (HPV) 

               - Merkel cell polyma virus (MCV, JCV) 

•Herpesviruses (large) 

   - Epstein Barr virus (EBV) 

   - Kaposi’s Sarcoma Herpesvirus (KSHV) 

 

 RNA VIRUSES 

   - Human T-cell Leukemia Virus 1 (HTLV1) 

   - Hepatitis virus C (HCV) 

               - HIV 

Major human Oncogenic Viruses 

 

 

 

 

 

   - Human Papilloma virus (HPV) 

                   

•Herpesviruses (large) 

  



• No! 

 Viruses did not specifically evolve with the need to 

cause cancer - they simply have similar (but distinct) 

needs 

 

 Development of tumors almost always requires:  

• Additional genetic alterations and/or 

• Compromised host (e.g. immuno-suppression) 

If you’re infected, does this mean 

that you will get cancer? 



Environment Virus & Cancer 

RADIATION 



Environment Virus & Cancer 

Chemical 

Poisons 



Health Environment 



Major human Oncogenic 

Viruses 
 DNA VIRUSES 

•Small DNA tumor viruses 

   - Adenovirus 

   - Hepatitis virus B (HBV) 

   - Human Papilloma virus (HPV) 

               - Merkel cell polyma virus (MCV, JCV) 

•Herpesviruses (large) 

   - Epstein Barr virus (EBV) 

   - Kaposi’s Sarcoma Herpesvirus (KSHV) 

 

 RNA VIRUSES 

   - Human T-cell Leukemia Virus 1 (HTLV1) 

   - Hepatitis virus C (HCV) 

               - HIV 



• Family: Herpesviridae 

• Large, enveloped virus, size 180-200nm 

• dS DNA genome (105-235kb, 100-150 proteins) 

 

Herpes viruses 



Properties of HHV (cont.) 

 Replication: Nuclear.  

 Assembly: Nuclear.  

 Common Antigens: None!  

 Set up latent or persistent infection following 

primary infection 

 Reactivation are more likely to take place during 

periods of immunosuppression 

 Both primary infection and reactivation are likely to 

be more serious in immunocompromised patients. 



Genomes of HHVs  
 All HHV genomes have a unique long (UL) and a unique 

short (US) region, bounded by inverted repeats.  

 The repeats allow rearrangements of the unique regions 

 HHV genomes exist as a mixture of 4 isomers.  

 HHV genomes contain multiple repeated sequences. 



Human herpesviruses 
Name Common name associated diseases         subfamily size 

HHV-1 Herpes Simplex Virus 1 (HSV-1)   a 150kb 

                 Oral, ocular lesions; encephalitis 

HHV-2 Herpes Simplex Virus 2 (HSV-2)   a 150kb  

                 Genital oral lesions; neonatal infections 

HHV-3 Varicella Zoster virus (VZV)   a 130kb  

    Chickenpox, shingles 

HHV-4 Epstein-Barr virus (EBV)                g 170kb  

    Infectious Mononucleosis; BL, NPC, NHL 

HHV-5 Human Cytomegalovirus (HCMV)  b  230kb  

    Congenital infection; systemic infection 

HHV-6 Human herpesvirus 6 (HHV-6)   b  160kb  

    Exanthem subitum; systemic infection 

HHV-7 Human herpesvirus 7 (HHV-7)   b 160kb  

     Exanthem subitum? 

HHV-8 Kaposi’s Sarcoma-herpesvirus (KSHV)               g 140kb  

     Kaposi’s Sarcoma, B cell lymphomas 



The Herpesvirus Family    

 
highly co-evolved with host  

widely disseminated from human to flog, fish and snake 

• Alpha herpesviruses 

– Fast replication, cytolytic; latent in neurons 

  (Herpes Simplex, Varicellar Zoster) 

• Beta herpesviruses 

– Intermediate replication, cytomegalic; latent in 

glands, kidneys (Cytomegalovirus, HHV-6, -7) 

• Gamma herpesviruses 

– Slow replication, latent in lymphocytes, 

lymphoproliferative, (Epstein-Barr virus, HHV-8) 



At cellular level, Latency is the reversibly nonproductive  

infection of a cell by a replication-competent virus.  
 

(1)  They can successfully evade the host immune response. 

 

(2)  They enable their genome to persist in the latently  

 infected cell, thereby in the host.   

 

(3)  They co-exist with the host cells and the host. 

 

(4)  The host becomes a active carrier for transmission. 

 

All HHVs are capable of establishing latent infection.  
 

Please note: The difference with abortive infection or infection 

with defective virus. 

What is Latency? AND  Why there is 

latency? 



Mechanisms to establish latency 
 
1.  HSV infects non-dividing cells such as neurons.   

 

 No protein expression. 

 

2.  EBV infects dividing or mitotic cells such as B cells.   

 

    A set of viral protein(s) and origin of DNA replication  

initiation is required for replicating viral genome. 

 

   Function of partition is required to retain the viral genome 

in daughter cells during the latent infection. 

 

3.  Use RNAs to avoid antigenicity. 

 

4.  Down-regulation of presentation of viral antigen(s). 



VP16 

Herpesvirus Life cycle 



Viral entry of cell (simplex virus) 

(1) Virus attachment to the host cell. 

     envelope glycoproteins (gC and gB) binds heparin sulfate 

 

(2) Binding of viral surface protein (gD) to one of the cellular  

 receptors (herpesvirus entry mediators, Hve)  

   HveA (the tumor necrosis factor receptor family) 

 HveB and C (nectins, Immunoglobulin superfamily) 

 

(3) Fusion of the virus envelope with cellular membrane.  

 gI and gE appear immediately on surface after entry 

 

Multiple interactions during binding, penetration and 

uncoating.  

 



Other herpesvirus   

 

EBV envelope glycoprotein gp350/220 binds to CD21(type 2  

complement receptor, CR2) directly, in a fashion similar to that of  

C3d of complement.   

gp42 (BZLF2) binds to HLA class II (MHC class II) as co-receptor. 

gp85/gp25/gp42 co-mediates membrane fusion. 

 

HHV-7 binds to the CD4.   CD4 is not by itself sufficient for entry.    

HHV-7 also can infect certain CD4-negative cells. 

 

Each herpesvirus uses different viral envelope protein to bind  

different cellular receptor.  

Receptors for other herpesviruses are to be identified. 



VP16 

Herpesvirus Life cycle 



Penetration and Uncoating of the virus particle.  
 

HSV-1: this occurs via a process of fusion of the viral  

envelope with the cell plasma membrane. i.e. glycoproteins 

 gB, gD, gH and gL involve in the fusion.   

 

Capsid binds to microtubules and is propelled by dynein  

(microtubule-dependent motor).  Capsid moves to nuclear  

pore.  Binding to nuclear pore complex causes conformation 

change of the capsid and injection of genome into nucleus. 

 

Functions of some virion proteins in the tegument: 

 Host shut-off protein (vhs)  

 Transcriptional activator (VP16)   

 Protein kinases 

 Viral mRNAs in virions of HCMV (Bresnahan et al Science 2000) 

 



Herpesvirus Life cycle 



Expression and Functions of 

Herpesviral Genes 

genes 

Immediate-early 

Early Genes 

Late Genes 

Transcription activators, 

Suppressers of immune recognition 

Non-structural regulatory proteins,  

Enzymes for viral DNA replication, 

Inhibitors of apoptosis 

 

Major structural proteins,  

Regulatory factors in virion (VP16, vhs) 

+ 

+ _ 

_ 

Latent genes 

+ 

Suppressers of immune recognition, 

Activators of transcription & proliferation 

? 



VP16 

Herpesvirus Life cycle 



  Viral DNA replication in the lytic infection 
 

A.  Replication origin. 

1.  Origin of DNA replication during the lytic cycles,   

 initially learned from defective particles.   

2.  A/T rich palindromic sequences,  

 located near transcription initiation sites. 

3.  At least two lytic origin in each wild type virus.   

 One is sufficient in vitro. 

 

B. Mechanism of replication 

1.  Theta form at the early phase. 

2.  DNA recombination converted to rolling-circle model  

 with extensive branches. 

3.  The final products are head-to-tail concatamers. 

 



     Cleavage and package of viral genome 
 

1.  Lytic replication and terminal repeats are essential. 

2.  pac 1 and pac 2 sequences, located at the each end of the 

genome,  are conserved in most herpesviruses. 

3.  Each herpesvirus has a different terminal sequence 

arrangement. 

Pac 1 Pac 2 Pac 1 Pac 2 

Infection &  

circularization  Egress 

Cleavage  

& package 

Rolling circle 

 replication 

Lytic replication 



Gene expression Kinetics of HSV 

0 20 

Hours post-infection 

Peak agene  

 expression 

2 4 5 7 

Peak bgene  

 expression 

15 

Late (ggene  

 expression 

DNA replication 

10 

Virion assembly 

Immediate-early Early Late 

EBV: 24-36 hrs 



DNA replication enzymes 

• Defining characteristic of herpesviruses 

(reactivation from resting cells). 

• Early (b) genes encode 2 groups proteins which 

increase DNA synthesis 

– Increase DNA replication (viral DNA polymerase, 

single-stranded DNA binding protein, 

helicase/primase,  etc) 

– Increase nucleic acid metabolism (thymidine 

kinase, ribonucleotide reductase, dUTPase) 

 



T h y m i d i n e 

d T M P d T D P d T T P D N A 

d U M P 
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    R e d u c t a s e 
U D P 

U M P 

D i h y d r o f o l a t e 

m e t h y l e n e   T H F T H F 

D i h y d r o f o l a t e 

    R e d u c t a s e 
T h y m i d y l a t e   S y n t h a s e 

T h y m i d i n e K i n a s e 

dUTPase 



  Maturation of virion: 
 

A.  Capsid: 

1.  Capsid is assembled in the nucleus. 

2.  DNA is packed into pre-assembled capsids containing scaffolding        

     proteins, proteinase and other viral proteins. 

3.  Head-full mechanism to measure the length of the DNA. 

4.  Terminal repeat sequences are required.   

      Processing massive and inter-connected, non-linear DNA.    

      Capsid proteins binding to viral DNA, probably no histones.   

 
 

B.  Envelope: 

1.  Envelop at nuclear membrane, de-envelop in cytoplasm and  

       re-envelop at cell membrane. 

2.  There are few cellular proteins and a lot viral proteins in envelope. 
 

C. Tegument: 

1.  20 to 40 viral proteins 

     (some are well organized & attached to capsid). 

2.  Some RNAs, eg HCMV. 



   Cellular changes during lytic 

(productive) infection  
 

   1. Deposition of materials (tegument proteins) on nuclear     

           membranes or into nucleus. Insertion of viral glyco- 

           proteins into cytoplasmic and plasma membranes. 
 

   2. Nucleolus enlarged, displaced toward the nuclear  

           membrane  and dis-aggregated later.  
 

   3.  Fusion of infected cells with un-infected cells to form  

          polykarycytes (polykarycytosis).  Syncytium is common  

           to many viruses. 
 

   4. Destabilization of all mRNAs by a tegument protein vhs  

          (virion host shot-off),which removes preexisting host  

          mRNAs.  Vhs induce endoribonucleolytic cleavage.  Host   

          protein synthesis are shot-off at initial infection to ensure  

         the expression of viral immediate-early genes.  



5.  Viral immediate-early gene products stimulate  

        cellular metabolism (eg. Inactivate p53 & Rb). 

 

6.  Host DNA and protein synthesis shot-off during viral  

        DNA replication, to ensure the synthesis of viral  

        DNA and structure genes. 

 

7. Apoptosis is actively inhibited by viral functions in all  

        stages of viral replication (encoding Bcl2,  

        inactivating Rb & p53), but the cell is ultimately 

        destructed. 

 

8. A late protein g34.5 of HSV is required in neuron cells to  

        prevent triggering of cellular stress responses that  

        result in a premature total shut off of protein synthesis. 



   Latency of Herpes simplex virus 
 

1.  Viral DNA exists as a circular double stranded DNA in the  

       nucleus of neuron cells for life time until reactivation. 

 

2.  LATs (latency-associated transcripts, discovered by Jack  

        Stevens at UCLA), are the only RNAs expressed during  

        latency. 2 kb LATs  are circular RNAs, resulted from  

       splicing of a 8.3 kb primary transcript.  Function is not clear.  

 

3. LATs are non-coding nuclear RNAs. No viral gene proteins  

       are expressed or required to establishing latency!!??  

 

4.  The molecular mechanism of HSV latency and reactivation 

       is not clear. 



A Model of EBV Life Cycles in vivo 

Primary infection  

of epithelium 

Secondary infection 

of epithelium 

Resting B cell 

III 
III 

Primary infection 
Persistent infection 

III 

III III 

III 

III 

I/II 
III 

III 
III 

10 CTL response 

    

 

20 CTL response 

Memory CTL Resting T cell 

Kill 
Kill 

Latency switch? 

Lytic 

Reactivation 
10 infection  

   of B cell 

Latency switch? 



Switch among different 

latent forms and lytic cycle 

Latency I 

Latency II Latency III 

Lytic cycle 

EBNA1 

EBERs 

EBNA1 

EBERs 

   EBNA1, 2,  

3A,3B,3C,LP 

   EBERs 

Zebra 

Rta 

LMP1,2s 

LMP1,2s 

Virion $ 

p53 

Rb 



Schematic of the EBV genome.  Taken from 

Cohen, 2000. 

 The viral genome consists of 184 kb of linear, 

double-stranded DNA  



 Biological implication of complicated gene  

       expression regulation of EBV 
 

Multiple level of regulation: 

 The switch between type I, II, and III latencies; 

 The switch between latency and lytic replication.  
 

Purposes: 

 Evade the immune system, maximize production of  

virions or proliferation of infected cells and minimize damage 

to the host.   
 

Conclusion: 

 The viral gene expression regulation plays a critical  

role in determining the biology and pathogenesis of EBV  

Infection. 



Epstein-Barr virus (gammaherpesvirus) 

• Lytic infection in epithelial cells of 

nasopharynx and salivary gland 

• Latent in B lymphocytes 

• Multiple copies of viral episome in nucleus are 

replicated synchronously with cellular 

chromosomal replication. 

• Sets of latent gene products (proteins and 

RNAs) contribute to viral episome replication 

and cell proliferation.  

 



Pathogenesis 

 
• EBV is found ubiquitously and infects 95% of all 

humans. 

• Infection usually occurs during early childhood and is 
generally asymptomatic. 

• if infection strikes during later in life it can result in 
infectious mononucleosis (IM). 

•   IM  is a lymphoproliferative disorder (LD) where 
there is an increase in infected B lymphocytes that 
results in the expansion of CD8+ specific T-cells. 

 



Epstein-Barr virus and cancer 

• Nasopharyngeal carcinoma (NPC) 

– One of the most prevalent malignancies in East Asian 

– Antibody responses to EBV antigens 

– EBV genome always found in tumor cells 

• Gastric carcinoma (NCNT) 

– 1000 % in NCNT 1 

– 10 % in general gastric carcinoma 

– EBV genome always found in tumor cells, high a-EBV IgA 

• Hodgkin’s lymphoma 

– Widespread in W Europe and US 

– EBV DNA in Reed-Sternberg cells (~50% cases) 

• Burkitt’s lymphoma 

– Common in Africa, EBV always found in endemic BL tumor cells 

– EBV genomes (parts) found in some sporadic BL 

• Immunoblastic B-cell lymphomas 

– Common in the immunosuppressed patients 

– EBV genome always found in tumor cells 

 



Klein et al., 2007. 

The role of EBV in the production of HRS cells 



Representation of the progression to NPC 

Shah and Young, 2009. 



Kaposi’s 

Sarcoma-Herpesvirus 

(KSHV) 



Kaposi’s sarcoma-associated herpesvirus 

(KSHV/HHV8) 

Kaposi’s sarcoma 
(KS) 

Endothelial cells 

Primary effusion lymphoma (PEL) 

multicentric Castleman’s 
disease (MCD) 

B-Lymphocyte cells 

  A gammaherpesvirus identified in KS tissue by Chang and Moore 

  KS is the most common AIDS-related cancer 

  KS also occurs in organ transplant patients with immune suppression 

 & Cancers 



Kaposi’s sarcoma age-standardised incidence per 100,000 males 

Epidemiology of Kaposi’s sarcoma 



KSHV life cycle: 
Tumor (Latent Stage) 

Adapted from Verma SC 



KSHV genome (~90genes) 

RTA (ORF50), Activator of Lytic replication 

LANA (ORF73), Regulator of Latent infection 

KSHV Episome 

~140 kb 

Coscoy etal, Nat Rev Immunol 2007 



Latency-Associated Nuclear Antigen  

 (LANA, LANA-1 or ORF73) 

  Associates with cellular chromatin  

    and maintains viral episome 

  Activates / represses transcription 

  Subverts tumor suppressors  

  Stimulates cellular transformation  

  Blocks apoptosis  

Multiple functions 

LANA Phase 



Hypoxia 

HIF-1α RTA Merge 

Blue Nuclear staining 

Hypoxia induces KSHV lytic reactivation 
   RTA (Replication and Transcription Activator) 

Cai et al, J Virol 2006  

PEL 
(KSHV+) 

 Chemical agents    

       (TPA, NaBu) 

 Environmental conditions 
       (Hypoxia, cytokine) 



Oncolytic Virotherapy 





Human 

Papillomavirus(HPV) 

Overview 
1. Characteristics of HPV 

2. Epidemiology of genital HPV infection  

3. Pathogenesis, Clinical manifestations and 

sequelae 

4. Diagnosis, Treatment & Prevention 



Characteristics of HPV 

 dsDNA viruses (circular), Genome 8 kb 

 6 Early genes (E1, E2, E4, E5, E6 and E7)  

 2 Late genes (L1 and L2) 

 Genome has multiple ORFs 

 Naked capsid 

 Over 100 types of HPV  

//upload.wikimedia.org/wikipedia/commons/e/e7/HPV-16_genome_organization.png


Infectious Cycle 

• Infection requires entry to non-differential basal cells 

• Virus binds to heparin and a6-integrin 

• Virions are taken in by endocytosis 

• Genome ends up inside nucleus 

– Stays as circular DNA 

– Does not incorporate itself into host genome 

• Replication of genome occurs generating 50-100 copies 

– Every cell division genome is duplicated and split equally between 
parent and daughter cell 

– This type of division is referred to as ‘plasmid replication’  

• When Basal cells become Keratinocytes, burst of viral replication occurs 

– This burst is called vegetative replication 

– During this same period L1 and L2 genes are expressed producing 
capsids 

– Release of assembled virions occurs during cell death 



Functions of HPV Proteins 

 E1 is a DNA helicase, binds replication origin and initiates 

DNA replication. By unwinding genome cellular DNA 

polymerases can replicate viral genome 

 E2 enhances binding of E1 onto replication origin 

 E6 enhances degradation of p53 protein which is a major cell 

cycle control protein 

 E7 binds Rb protein increasing cell cycling 

 L1 major capsid protein 

 Splicing of Poly(A)late (Plate) transcript results in removal of E 

genes and expression of only L1 and L2 genes 

 Some cellular transcription factors known to bind regulatory 

sequences of HPV genome are: NF-1, SP1 and AP1 



 There are over 100 different types of the HPV virus - most types are 

totally harmless. 

 Over 30 types of the HPV virus are sexually transmitted and affect the 

area between the genitals and the anus. 

 They can also infect other parts of the body, e.g., HPV-1 targets feet, 

HPV-2, 4, 7 target hands.  

 Some types are considered “low risk” and can cause warts on the anus, 

vagina, vulva, penis and thighs. 

 Other types are considered “high risk” and can cause pre-cancerous 

lesions and can lead to cancer of the cervix, anus and other genital 

areas. 

Characteristics of HPV: > 100 types 



HPV phylogenetic tree  

//upload.wikimedia.org/wikipedia/en/c/c8/HPV_tree_1.png


Harald zur Hausen 
2008 Nobel Prize in Physiology or Medicine 

  He hypothesized that HPV plays an important role in the 

cause of cervical cancer in 1976.  

  He identified HPV16 and HPV18 in cervical cancers in 

1983.  

  He discovered that HPV 6 causes genital warts. 

  His researches made possible the development of a HPV 

vaccine introduced in 2006.  

http://en.wikipedia.org/wiki/File:Harald_zur_Hausen-press_conference_Dec_06th,_2008-6.jpg


The annual incidence of sexually transmitted HPV 

infection is about 6.2 million 

Estimated $1.6 billion spent annually in direct medical 

costs to treat symptoms of genital HPV infection 

About 20 million people currently have a detectable genital 

HPV infection 

At least 50% of sexually active men and women acquire 

genital HPV at some point in their lives. 

Incidence and prevalence of HPV infection in the U.S. 



Natural History of HPV  

• Most genital HPV infections are transient, asymptomatic, 

or subclinical, and have no clinical consequences in 

immunocompetent individuals.   

• The incubation period is unclear. 

• The median duration of new cervical infections is 8 

months but varies by type. 

• Gradual development of an effective immune response is 

the likely mechanism for HPV DNA clearance. 

• Persistent infection is characterized by persistently 

detectable HPV DNA, which is the most important factor 

for precancerous cervical cell changes and cervical cancer. 

 



Clinical manifestations 

• In most cases, genital HPV infection is transient and has 

no clinical manifestations. 

• Clinical manifestations of genital HPV infection include: 

– Genital warts 

– Cervical cell abnormalities 

– Anogenital squamous cell cancers 

– Recurrent respiratory papillomatosis 

• Most common clinically significant HPV infection 

manifestations: 

– Genital warts 

– Cervical cell abnormalities 



Genital Warts: Appearance 

• Condylomata acuminata 

– Cauliflower-like appearance 

– Skin-colored, pink, or hyperpigmented 

– May be keratotic on skin; generally 

     non-keratinized on mucosal surfaces 

• Smooth papules 

– Usually dome-shaped and skin-colored 

• Flat papules 

– Macular to slightly raised 

– Flesh-colored, with smooth surface 

– More commonly found on internal structures  

   (i.e., cervix), but also occur on external genitalia  

• Keratotic warts 

– Thick horny layer that can resemble common 

    warts or seborrheic keratosis 

 

http://www.google.com.hk/imgres?q=%22Flat+papules%22&um=1&hl=zh-CN&newwindow=1&safe=strict&sa=G&biw=960&bih=387&tbm=isch&tbnid=B6fCn_7DrBSW7M:&imgrefurl=http://www.nejm.org/doi/full/10.1056/NEJMicm1002816&docid=CPpLAaIP4bsBTM&imgurl=http://www.nejm.org/na102/home/ACS/publisher/mms/journals/content/nejm/2010/nejm_2010.363.issue-12/nejmicm1002816/production/images/large/nejmicm1002816_f1.jpeg&w=1422&h=528&ei=FXHbToehO9GciAeVtsj5DQ&zoom=1&iact=hc&vpx=72&vpy=122&dur=1234&hovh=137&hovw=369&tx=310&ty=166&sig=114178975559076946906&page=1&tbnh=88&tbnw=237&start=0&ndsp=3&ved=1t:429,r:0,s:0


Genital Warts: Location & Duration 

• Warts commonly occur in areas of coital friction. 

• Perianal warts do not necessarily imply anal intercourse. 

– May be secondary to autoinoculation, sexual activity 

other than intercourse, or spread from nearby genital 

wart site. 

• Intra-anal warts are seen predominantly in patients who 

have had receptive anal intercourse. 

• Patients with visible warts can be simultaneously infected 

with multiple HPV types. 

• May regress spontaneously or persist with or without 

proliferation. 



HPV can also infect other parts of human body 



Signs and symptoms 

Disease HPV type 

Common warts 2, 7 

Plantar warts 1, 2, 4, 63 

Flat warts 3, 10 

Anogenital warts 6, 11, 42, 44 and others 

Genital cancers Highest risk: 16, 18, 31, 45 

  Other high-risk: 33, 35, 39, 51, 52, 56, 58, 59 

  Probably high-risk: 26, 53, 66, 68, 73, 82 

Epidermodysplasia verruciformis more than 15 types 

Focal epithelial hyperplasia (oral) 13, 32 

Oral papillomas 6, 7, 11, 16, 32 

Oropharyngeal cancer 16 

Laryngeal papillomatosis 6,11 



• Usually subclinical 

• Detected by Pap test (a cervical smear test developed 

by George Papanicolaou), colposcopy, or biopsy 

• Usually caused by high-risk HPV types 

• Most of the time high-risk HPV types do not cause any 

abnormalities. 

• Most women infected with high-risk HPV types have 

normal Pap test results. 

• Often regress spontaneously without treatment 

Cervical Cell Abnormalities 



Classification of Cervical Cell Abnormalities  

2001 Bethesda System  

• ASC—(Atypical Squamous Cells) are cells that do not appear to be 

completely normal. 

• ASC–US—(Atypical Squamous Cells of Undetermined Significance) 

sometimes the changes are related to HPV infection. ASC–US 

changes are usually mild abnormalities. 

• ASC–H—(Atypical Squamous Cells cannot exclude a High-grade 

squamous intraepithelial lesion) are more likely to be precancerous 

abnormalities. 

• LSIL— (Low-grade Squamous Intraepithelial Lesion) generally a 

transient infection with a high-risk HPV type 

• HSIL— (High-grade Squamous Intraepithelial Lesion) generally a 

persistent infection with a high-risk HPV type with a higher risk 

for progression to cervical cancer 



• HPV infection is causally associated with cervical 

cancer and probably other anogenital squamous cell 

cancers (e.g., anal, penile, vulvar, vaginal).  

• Over 99% of cervical cancers have HPV DNA 

detected within the tumor. 

• Persistent infection with a high-risk HPV type is 

necessary but not sufficient for the development of 

cervical cancer. 

 

Anogenital Squamous Cell Cancers 





Diagnosis of Genital Warts 

• Diagnosis is usually made by visual inspection with bright light. 

• Diagnosis can be confirmed by biopsy when: 

– Diagnosis is uncertain 

– Patient is immunocompromised 

– Warts are pigmented, indurated, or fixed 

– Lesions do not respond or worsen with standard treatment 

– There is persistent ulceration or bleeding 

• Use of type-specific HPV DNA tests for routine diagnosis and 

management of genital warts is not recommended. 

• External genital warts are not an indication for cervical 

colposcopy or increased frequency of Pap test screening. 



Diagnosis of Cervical Cell 

Abnormalities  
• Cytology (Pap test) 

– Useful screening test to detect cervical dysplasia (not 

HPV per se) 

– Provides indirect evidence of HPV because it detects 

squamous epithelial cell changes that are almost 

always due to HPV 

• Indication for colposcopy is guided by physical exam or 

Pap test findings with or without HPV DNA test findings.  

• Indications for cervical biopsy include: 

– Visible exophytic lesions on the cervix 

– Pap test with HSIL 

– Pap test with ASC-H or LSIL with colposcopic 

abnormalities  



 

• Nucleic acid testing 

– FDA-approved for two optional uses: 

• To triage women with ASC-US (atypical cells of undetermined 

significance) Pap test results 

• As an adjunct to the Pap test to screen for cervical cancer in 

women 30 years or older. 

– Use of HPV DNA testing for women with SIL Pap test results is 

unnecessary because the vast majority of women with SIL are 

infected with HPV. 

 

HPV DNA testing 

Diagnosis of Cervical Cell 

Abnormalities  



General Treatment of Genital Warts  

• Primary goal is removal of symptomatic warts. 

• If left untreated, genital warts may regress spontaneously or 

persist with or without proliferation.  

• In most patients, treatment can induce wart-free periods.  

• Currently available therapies may reduce, but probably do 

not eradicate infectivity. 

• No evidence that presence of genital warts or their treatment 

is associated with development of cervical cancer. 

• Some patients may choose to forgo treatment and await 

spontaneous resolution.  

• Consider screening persons with newly diagnosed genital 

warts for other STD (e.g., chlamydia, gonorrhea, HIV, 

syphilis). 



Treatment of External Genital Warts  
 

• Podofilox 0.5% solution or gel (Condylox™)  

– Patients should apply solution with cotton swab or gel 

with a finger to visible warts twice a day for 3 days, 

followed by 4 days of no therapy. 

– Cycle may be repeated as needed up to 4 cycles. 

OR 

• Imiquimod 5% cream (Aldara™) 

– Patients should apply cream once daily at bedtime, 3 

times a week for up to 16 weeks. 

– Treatment area should be washed with soap and water 6-

10 hours after application. 



Regimens for Anal Warts 

 

• Cryotherapy with liquid nitrogen 

OR 

• Trichloroacetic acid (TCA) or bichloroacetic acid 

(BCA): 80%-90% applied to warts 

– Apply small amount only to warts and allow to dry 

(white “frosting” develops) 

– Treatment may be repeated weekly if needed 

OR 

• Surgical removal  



Prevention of HPV infection 

 Abstinence  

 Be faithful  

 Condom use 

 Vaccine 

 Microbicide 



Prevent of HPV infection 

 Pap test has been the main diagnostic tool for cervical cancer 

for decades. 

 Significantly reduces mortality rates of cervical cancer 

 Cervical warts are pre-malignant tumors and often removed 

surgically or freeze killed with liquid nitrogen 

 HVP vaccines are now available that raise immunity against 

L1 protein of HPV strains 16, 18 (Gardasil includes L1 from 

stains 6, 11, 16 and 18) 

 L2 is considered in vaccination trials, could provide immunity 

against wider range of HPV types 

 Vaccination is recommended at young age before encounter 

with virus i.e ages 11-12 



HPV vaccines 

 Two HPV vaccines are currently on the market: 

Gardasil and Cervarix. 

 Both vaccines protect against the two HPV 

types (HPV-16 and HPV-18) that cause 70% of 

cervical cancers, and cause most HPV-induced 

genital and head and neck cancers.  

 Gardasil’s vaccine also protects against the two 

HPV types (HPV-6 and HPV-11) that cause 90% 

of genital warts. 

http://en.wikipedia.org/wiki/File:Gardasil_vaccine_and_box_new.jpg


 

 

   



Take-home messages: 
 

1.  The purpose of viral life is to replicate itself. (its associated  

 pathogenesis or human diseases are secondary effects) 

2.  Virus utilizes host machinery to replicate. 

  (cellular and organal)  

3.  The ultimate form of parasitization is to co-exist with the host.   

 (at both individual and population levels) 

4.  Studies of viruses have double meanings. 

  (medically important and scientifically interesting) 

5.  Herpesvirus has two phases of the life cycle:  

 latent infection and lytic infection.  

6. Which types of HPV are considered “high risk” that may cause  

            pre-cancerous lesions and lead to cervical cancer? 




