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The objective of this thesis was to investigate various
aspects of the epidemioclogy of human papillomavirus
(HPV) . Prospective studies were performed on a total of
334 patients attending two genitourinary medicine depart-
ments in London. The patients had either clinical indica-
tions for genital biopsy, urethral gonorrhoea, anogenital
warts or a current partner with anogenital warts.

Biopsy, scrape, swab and blood samples were taken. In
addition, a new method, the "Superglue (SG) technique"
was devised. HPV types 6, 11, 16, 18, 31 and 33 were
identified in the specimens by DNA extraction followed by
the polymerase chain reaction, Southern blotting and
hybridisation.

HPV DNA was detected in 31.8 to 96.6% of biopsies with
histcoclogical evidence of wart virus infection, 83.3% of
biopsies with neoplasia and 18.2% of those with other
histological changes. HPV DNA was detected in 31.3 to
61.1% of urethral loop specimens, 18.0 to 24.8% of ure-
thral swab specimens, 6.2 to 12.5% of urine specimens,
37.5% of vaginal washes and 21.4% of rectal swab speci-
mens. Fifty percent of samples obtained with the SG
technique containing human cells had detectable HPV DNA.

HPV types 6 and 11 tended to be found in biopsies from
lesions clinically associated with HPV infection and in
the wuvrethras of men with warts seen near the urinary
meatus. HPV types 16 and 18 tended to be found in speci-
mens obtained by technigques other than the biopsy method
and from clinically atypical 1lesions. Infections with
multiple HPV types were common. Different sites from one
patient sometimes had HPV types in common. Sexual part-
ners did not consistently have HPV types in common and
there was a poor correlation between the detection of HPV
DNA and various lifestyle factors.

HPV DNA was found widely distributed in the anogenital
areas of men and women with and without clinically appar-
ent anogenital warts. Sexual activity may not be the only
factor in the transmission of HPV infection. Sampling
from a single site of the genitalia on one occasion may
lead to significant underestimation of the rate of infec-
tion with HPV.

*GS/ABST/88 Use this side onlv



ACKNOWLEDGEMENTS

Many individuals have given me material, intellectual and
moral support throughout the course of these studies.

Marc Botcherby helped develop the assay techniques over
many months, to reach a reliable and consistent level of
reproducibility. Balvinda Ryait performed many of the
polymerase chain reactions, nucleic acid hybridization
assays and repeated standardisation experiments which
were crucial to the production of consistent results.

The meticulous surgical skills of Dr Nashat Hanna were
instrumental in the collection of many of the samples of
perianal warts. His enthusiasm concerning the pathogene-
sis of wart virus infection formed a significant contri-
bution to the initial inspiration for this project.

Dr Marjorie Walker, Consultant Histopathologist at St
Charles Hospital checked all, and reported most of the
histopathological diagnoses. Her infectious enthusiasm
for her specialty was a very welcome bonus.

Mrs Mary Phillips and Ms Fay Miller, Research Nurses,
helped considerably in the collection of some of the
data and urethral swabs in the study of men with urethral
gonorrhoeaza.

I would like to thank the staff of The Jefferiss Wing, St
Mary's Hospital, London and The Patrick Clements Clinic,
Central Middlesex Hospital for their enthusiasm in refer-
ring patients to the various studies, sometimes providing
an additional burden in an already pressurised environ-
ment. In particular, I would like to thank Dr JRW Harris
whose overall leadership of the clinic created such a
stimulating environment.

Professor Taylor-Robinson of the Medical Research Council
was largely instrumental in creating the circumstances
under which I could pursue my studies with the maximum of
support and the minimum of hindrances. His constant
guidance and helpful remarks provided timely inspiration
when spirits were flagging. For this I am extremely
grateful.

Dr McMillan acted as my adviser throughout and supported
me through all the stages of this work.

Finally I would like to express my gratitude to the staff
at the Department of Genitourinary Medicine at the Royal
London Hospital. and in particular, Dr BT Goh for their
patience whilst this thesis was completed.



CONTENTS

Page
INDEX: OF: BPIGURES: ¢ ¢ sdwins 4§ & s aaaini & 5 4 ¢ Weasy s § 4 ¥ & ondeen X
INDEX OF TABLES . & o wmsmis & 5 & ¢ somsims o & » 8 0 siapeiemsis ® & o 5 s sysseises xi
INTRODUCTION
1. Historical Background
Ll INEFOCUEE LGN s s & v & Cavieriis & @ § & saRmwmn % 5 & ¥ % 8 saerees 2
1.2 The Greek and Roman periodS......ceeisessanenan 2
1.3 The nineteenth and twentieth centuries......... 3
: W The non-specific irritant theory............. =
p I T The Unitary LheoX Y. e s s o noaemmesassee pimaess 5
1.4 The development of current concepts............ 6
2. Virology
2.1 Viral structure. .. ...oviviieervenneeennnnnnnnes 8
2o Species and site specificity............0nn 9
2 HEV CVPDEE crvvumns v 5 & ¢ stsssism s 5 % 8 wersiamsin s o & & & & siorss s »liD
2l The genetic structure of HPV ..iviveaviavnen ¢ il
2:4.13 E [(Eatly) TEQION: v owsim a % ¢ ¥ owaiesti s 4 5 § & o swieds s . 12
2.:4.:2 L (Late] TEgLoN.::owoisssss e sss s 8 vesivs s a 13
2:4.3 Nacleotide homology. ... :sveasomicdss s inveniis 14
235 Genitotropic HPVS. . ittt et et e e et e et e aae e 14
2.6 Multiple HPV dnfectionS. .. .. covsieess s s s simmssenn 15
2. Immunclogy
3 . IR OAUCET O . . »a s o smesnms = o o nwomsutn S & 5 8 & B SutusuEetas § o 16
3 2 Immunohistological considerations.............. 16
3 .2.1 Langexrhangy CellE. ceeamn s s s vamssies 3 5 5 & & Sacesae o 17
3 2.2 T LympHOEYEES: o & o v sy 5 % & o o sowpemams 5 « % % & & suelsremns & o 18
3.2.3 Naturdl killer cells (NK ©ell8) cu.us v avnmis s 18
F:8ul ReratinoCoVEaB ua s v vvmie s ¥4 s v aiiasss 85 5 6 & 5 95w 4 5 18
3.3 The humoral immune YreSPONSE.......:::eeierennns 20

(1)



S

153

;umum W

L | Y St ST S S ST
HOooomom-Jnwd W

mu;mwmwn

20NV RO B O, IO ARG IS I O G RO I E T

s W P

WOOOM®OMWOMDMOWDWOD-IANNO O WU

Diagnostic Technigues

INntroduUCEion. . v v it ittt e e e e
Clinical SXeMINBEIOu e s 5 v & wwusmn a o 8« 5 5 esesime o«
SibelinTeal ANFEEE TN ww « v 5w anvsces B % e § 8 T e S 8
COTDUBEOPN v & ¢ v asenivves 5 ¥ © § Ssaiom & % © & & wSARES 5 8 & ¥
HistopatHolaGy: « - « sovwwms 5 % & 9 oeama § & & & & slandams = o ¥ @
Exfoliative ovtologViies is s voiony s § 5 & & aieeeis s v 4 »
limtent INEeChioN. o covvins -5 s dausinsin i o i 8 pepeei s s
The polymerase chain reaction...................
I Technicue of EHE PER. 4 « « ssisces v 2 8 & o wommsssess o @ = o
2 Advantages oF THE PER: . « « wecemeris & & » = #smwraimes & n « »
w3 Disadvantages Of the PCR cwwwie s v v ¢ womviems » & & »
Southern blotting with hybridisation............
0 Other TechNigUes: s vwisssdoeminsve s isionivas s s o
Epidemiology of anogenital HPV infection
IREFOANEEION: s ¢ varirnns 5 % 8 & BVPRlRE 7 5 & & cilvmees ¥ 5 8 5 3
Anogenital warts (AGW) .......iiiiieivinnnnnnes
HEYV' DNE, 800 AGCWY cocme e & b 5 5busbis @ 5 5 5 Sfudeied = 5 5 4 =
Non-condylomatous clinically apparent
HPV infection......uuouiiirimneennnnn..
Subeclinical and latent infection.....ovievoeeos
HPV and the upper genital tract................
3 BYSEAE: » & 2 5 swuinen 8 5 8 5 SEENN 3 8 8 L SOBReGE 8 4 8 5 8 5
2 oo = oy 2 S B o Sl R st R
3 1= 11 2 AP
18 SV 5 N © o s 15 [
HPV and the BXebhXa. « « « comems 5 6 o v asisaies o % 5 & & o0
% § Condylomata AatumMitataccev. « s o v ammins s s o 8 8 a%
o2 DY EE N OO s a s 5 6 v soiveas 5§ ¥ £ & adiwin 5 8 § § & ¥l
.3 Urethral sampling technigues.........co0vvuus
4 Papanicolaou staining of urethral smears.....
5 HPV antigen detection in urethral specimens.
6 HPV DNA in urethral specimens................
7 Urebhrad. CarEIfibmel « cems ¢ & & & swmmm s 6§ & § & 5w
HPV DNA in tissue with no histological
evidence of HPV infection.......::i..eus
0 HPV DNA in the normal adult penis..............
1. Natural history of anogenital HPV infection....
2 Anogenital HPV infection and sexual behaviour..
3 Possible vertical transmission of
genitokropiec HPY CVEBEL cunvmes « v & « ¢ & soavese

(ii)

Page



.14 Genitotropic HPV types at non-urogenital sites.
.14. Laryngeal papillomatosis. oo =s s s viivionsssas
.14, MEMIER . . ovenminir o o & s bed s 5 5 8 SadEeini 7 8 v E S OOBIRNAE § ¥ @
.14. (01-T-To) o) o¥- [« | +1- SRR LT
.14. Nagal CaVIENEE. vvmmmn o ¢ o pommmss o o = wosonse = 2 n
.14.
.14,
.14,
s1b Anogenital neoplasia and HPV.....:eovvsevannsnn
.16 The "high Tiek" MElE. i e ceiuii s uniaves s s e

Lmuvmuywvmumbmwmyumwum
S oy W

METHODS

p N o5 =2 o s 5 e sl o R el R e R R

2. Recrultmert ©f PatiBnlEB . s s & wnemins o o o ¢ samaiaieie = o0a @ 6 »

Genital dermatosis SEUAY. i vesvsse s vs ewmvess s ¥y s
Resistant anogenital warts study.................
Urethral gonorrhoea SERAY. .csese oo s tomsassasnsss
Multifocal study.......c.o i im ittt ettt

SESHSE N
W N

3. Historv and examination of patients................

4. Routine investigation and treatment of patients....

5. Sampling technigues

5.1 Bliopey BPeCimenB. i iviiciveeiboisviamed iss s vees
5.2 Urethral SPeCIimMEeNS. . . ot vttt et ittt e te s aeenneseens
5.8 Urlne SPeCIMEIS v wmmr » & o sommiare s o 5 % sisosiesse & & 5 & o s
5.4 "Superglue’ SpeCIMETIB., .« ¢ cavcma v a ¥ 6 wEeaeh 6 8§ % s
5.5 ©Othey Specimen TYPES. ¢ « « sosimn s & o & 6 sisieraes o 5 & & wamas
6. Laboratory processing of specimens.................
7. Procesgina of histoloagical 23mples:. .cewves s o s swvesie

Page

64
64



8. DNL. et racE 10N cveans & 5 8 S0aiii i 5 £ PO 5 & 8 § o & ama 91
8. Detection of R-globin dene. ... ...uoveuureueeeennn 83
10. Analvsis of DNA
10:1 Restricticn enzyme digestion::isveeisses s e 93
10.2 Peolymerase Chain YeaCLION, . o« consmssn ot on s spaonis 94
10.3 Separation of DNA fragments by
gel el eCtrophHoFEEIS i « v w o wsawdos & 5 5 & & & E@RE 85
10.4 Transfer of DNA on to nvlion membranes by
Southern blotting. ... ...v v itmmennneennnnn. 96
10.5 Labelling of probes, hybridisation and
St OradioaraphiV . us v 5 ¢ & wesidw § 5 & 5 5 & SO e 97
10:5 .1 Random priming method............ ... ..., 97
105 .2 End-labelling method......... ... 99
10.68 Re-livbridigation ©f DNR.:.coumwesses s ovasennh oo 1601
RESULTS
1. Genital dermatosis study
1.1 Clinical features of the patients......covviuesa. 102
1.2 Detection of HPV in relation to specimen
type and to histopathological findings......... 102
1.3 BPV in DiopsSy SPeCIMenS. .. o viissvivasvsassisonss 103
1.4 HPV in urethral swab specimens................... 106
1.5 HPV in urine SpPeCimMEeNS. . . c vttt it et mee e eane e 107
1.6 Association between presence or absence of
HPV angd type of SpeCimehc.c.s s« s smsmwss 55 s & v o s 107
1.7 HPV in relation to possible risk factors
and- demegiraphit GetaliBeseas 55 v s memse § 65 € 5 8 &4 107



28]

(V8]

LWL W W

[

Uk W o

189

(S 6y

BB BN BN
oy U W N

W N

[T S SN

~]

Resistant anogenital warts studv

Clinical features of the patients........... ...
HPV in biopsies from anogenital warts............
HPV in urethral swab specimens..........c.i00-0..
HPV in urethral loop specimens..............ooeu..
HPV in urine SpPecCimensS. ... ... ..o uuununnnnenan
Association between location of warts at time

of biopsy and HPV detected in the urethra......
Association between HPV types detected in

warts and in the urethra...a v owvwawass s eieeen

~]

.8 HPV in relation to possible risk factors

and demographic details........uiiiiiinnann.

Urethral gonorrhoez study

Clinical features of the patients...isssissaissen
HPV in urethral swab specimens..............ouu...
HPV in urine SpPeCimenS. . . v v i v et i v ittt ot e eee s
HPV in relation to possible risk factors

and demographic deta@dils. ... cwwwanss s s s o smees

Multifocal study

Clinical features of the PALIBALS .« v v v ovwwws
HPV in DlopBy SPECIMENE . c: . vamrwsn % e s & 5 & v oareieinss
HPV in non-biopsy SPecCimens. . oeeiw: s 85 s v daeiom
HPV in "Superglue! SDECIMENE. i venssss s s soeensss
HPV in relation to sample site and

time of sampPling. ... v i ittt e e
Types of HEV GeleCtEBa o « o & » vmesus s a0 o 5 o % s wemiusatas s &
HPV in paIr8 Of Darthers. . o ¢ e omsws s s v 8 v 0 comsiamns & 5

Comparison of findings from different
study groups

.1 Detection of HPV in different sample sites.......
.2 Association between HPV detected and

patiaht detBil8. i v s v owauing s oo 8 7 LS@aeas 5

Page

127
128



Page

CONCLUSIONS
1l: ITnEYORUCEIDR wnign s 4 5 & ofedds 5 4 € & Uoeailas @ § & o & SSmiiamms & & & 153
2. Methods used in the studiesS.......c.ovv e vennenens 155
25T BIOPEY. s v covvenin & 4 & L aaiira e v 8 ¢ SeEm B & K 8§ GRBGETEE § 8 X € 156
2n2  CYLOLOEV: o parsisi & % ¢ it 3 4w ¢ SERERR 4 5 ¥ 8 8 SEeRTaRES ® 8§ 8 157
2.3 Superglue mEthod. .. .upissssrieEsas s ¢ PaEEFEs v a8 s 158
2.4 Other sampling techniques..... . isassasinmavoassias 159
2.5 Laboratory methods..........iiu i iinnnnnnnan 158
3. Genttal Germatosrg BEUAV: « v v v shmmis 6 % @ v @ ceREGETE § 8 & ¥ 8 160
4. Resistant anogenital warts studv................... 164
5. Drethral ooforrhoes SCUAV. « ¢ cowsca s s ¢ samewmess s o a & 166
6 Miltifocal BEUHY. contieis unsomib it sasTnstsass g 168
7. Implications of the findings
Tud MELHOAS vwms 5 ¢ ¢ s vBown 2 5 0 O9ehi s 5 5 8 ¥ valouliinG 5 25 ¥ 8 ¥ v 1721
Led Multafoecal InteCEIDn:siiics s ssiniiconn sasiss sde 173
7.3 Infection with multiple HPV types........o.vou... 174
7.4 Role of sexual activity in the

actisiEinn OF HPV. . o vovms 5 5 o o sosmsceass 5 & 5 & 8 8 pm 174
7.5 Role: of HPV 4hn BeBPlaBificecss s s 5 « commwes 3+ & & ¢ ¢ e 176
T=6 CONCTUAITG TeMAaEKSas 2 5 ¢ o oivwmms & & & ¥ QoS 5 & 5 6 & & ik 176
REPERBENCR S wiwmemws & & ¢ 0 slaismes & & » Sameaiies & o ¥ § GRossss ® & 5 9 @ 9 e 179

(vi)



APPENDICES

Appendix 1

Questionnaire - genital dermatosis study

Appendix ITI

Questionnaire - resistant anogenital warts study

Appendix III

Questionnaire - urethral gonorrhoea study

Appendix IV

Questionnaires - multifocal study

Appendix V

1. Selective medium for the growth
of Neisseria gonorrhoeae

2. Collection of samples

2.1 Phosphate buffered saline
2.2 Formal saline. D @

(vii)



3. DNA extraction

1 Summers buffer

.2 SDS (Sodium Dodecyl Sulphate)
3 Lysis mixture

4 TE-equilibrated phenol

LW W W W

4. R-globin primers

Polvmerase chain reaction

wm

General primers

Areas of the L1 genome Amplified during the PCR
PCR Reaction mixture

Near full length genomic probes

Oligonucleotide probes

Lumumuwm
vk WL

Separation of DNA fragments bv gel electrophoresgis

o))

Tris-Borate EDTA (TBE) buffer
SSC (Saline Sodium Citrate)
Prehybridisation mixture
Random priming mixture
End-labelling mixture

Oy OV OV Oy
Ul WP

Appendix VI

Publications derived from the work in these studies

Published papers

1. Hillman RJ, Harris JRW, Walker MM. Value of performing
biopsies in genitourinary clinics. Genitourin Med
1991 6773

2. Hillman RJ Botcherby M, Taylor-Robinson D. Genital
human papillomavirus lesions of the male sexual partners:
the diagnostic accuracy of peniscopy. Genitourin Med
1981 ;675223

(viid)



3. Anonymous. Persistent anogenital warts. Lancet
1991;338:1134-5.

4, Hillman RJ, Waldron S, Walker MM, Harris JRW. Granulo-
ma annulare of the penis. Genitourin Med 1992;68:47-9.

5. Hillman RJ, Walker MM, Harris JRW, Taylor-Robinson D.
Penile dermatoses: a «clinical and histopatheclogical
study. Genitourin Med 1992;68:166-9.

6. Hillman RJ, Botcherby M, Ryait BK, Taylor-Robinson D.
Detection of human papillomavirus DNA in the urogenital
tracts of men with anogenital warts. Sex Transm Dis
19933 20120=7..

7. Hillman RJ, Ryait BK, Botcherby M, Taylor-Robinson D.
Human papillomavirus DNA in the urogenital tracts of men
with gonorrhoea, penile warts or genital dermatoses.
Genitourin Med 1993;69:187-92.

8. Hillman RJ, Ryait BK, Botcherby M, Taylor-Robinson D.
Human papillomavirus DNA in the urogenital tracts of men
with genital dermatoses: evidence for multifocal infec-
tion. Int J STD AIDS 1993;4:147-54.

9. Hillman RJ, Ryait BK, Botcherby M, Taylor-Robinson D.
Changes in HPV infection in patients withk anogenital
warts and in their partners. Genitourin Med 1993;69:450-
S78

Published abstracts

1. Iillman RJ, Hanna N, Botcherby M, Ryait BK, Iarris
JRW, Taylor-Robinson D. Asymptomatic urethral carriage of
HPV DNA in men with anogenital warts. Abstract 257, 10th
International Papillomavirus Workshop, Seattle, USA, July
20-26, 1991.

2. Hillman RJ, Ryait BK, Botcherby M, Taylor-Robinson D.
Abstract 4, Spring Meeting of the Medical Society for the
Study of Venereal Diseases, Zurich, Switzerland, May 6-9,
1993.



Figure 1:

Figure 2:

conditions,

Figure 3:

Figure 4:

Figure 5:

INDEX OF FIGURES

Condylomata GouUmMInELaA . cuvivs « o o v osomeisie s o 5 s o

New cases of selected genitourinary
England 1981 to 1891, iississashamninisenas

Pyrtamid e s 5 § s camnee s ¥ & v & smeweG § % ¥ 6 oo

Skin snip biopsy technique..........cv.0..

Removal of perianal warts by the

Bl EEtYOOEEEICEEGR & & & vawreis & 5 & 5 SGTein 4 # B § CWTRSTEG A E K B 8 e s

Figure 6:

Figure 7:

Figure 8:

Figure 9:

Figure 10:

Figure 11:

Figure 12:

Figure 13:

Loop and swab used in urethral sampling..

Superglue QisPeNSeT cuw s » s & o o & @ € sEses
Removal of Superglue slide........cccsveen-
Superglue sample. ... ...t
Agarose gel - penile dermatosis study......
Southern blot - penile dermatosis study....
Agarose gel - multifocal study.............
Southern blot - multifocal study...........

(x)

Page



INDEX OF TABLES

Page
Table 1: Histopathological diagnoses of biopsy
specimens from 100 men with genital dermatoses........ 109
Table 2: HPV DNA types detected in relation to
histopathological findings of biopsy specimens
Erom men with genital dermatOSes: o i iiios s« s o o demiese s - 110
Table 3: HPV in relation to type of specimen
Erom men with genital 'dermatoSes: o e s o« wa shommisbes & o s L35 ¢
Table 4: HPV in relation to histopathological
findings of biopsy specimens from men with genital
[ Eh o h s o e R L VR e SRR TR S b i S S S e S 112
Table 5: HPV in relation to type of specimen
from all men with genital dermaLOoSEeS. ..« s. iviviesses o 113
Table 6: HPV in relation to type of specimen
from men with genital dermatoses and no histolcgical
evidence loENHPV HnEe Gt aon s il s S o s 114
Table 7: Correlation between presence (+) or
absence (-) of HPV DNA and type of specimen from
nmen “with genikal fdermabosest T (nlE TRl e e 115

Table 8: HPV in different specimens in relation to
possible risk factors of men with genital dermatoses..l116

Table 9: HPV in different combinations of
specimens in relation to possible risk factors of
men Waith geniitol " deTmatoBes.: « «vidioarsic s ¢ 5 it vl s 5 ot v 4 117

(x1)



Page

Table 10: HPV in relation to type of specimen
from men with anogenital warts...... .i.iveivencivoannns 123

Table 11: Location of warts in relation to
detection of urethral HPV DNA from men with
reglistant anogenital Warts. . .eewessss s ommmoe s s s s oo 124

Table 12: Location of warts in men with
resistant anogenital warts in relation to
urethral HPV CYPe. .. coeeonsseononssssssnonesssasssnsss 125

Table 13: HPV in different specimens in
relation to possible risk factors of men with
resigtant anogenital WarLE.: viswi s s o v o et 5 o & 3 & dblei 126

Table 14: HPV in relation to type of specimen
from men with urethral gonorrhoea......coveweres oo 1289

Table 15: Single and multiple types of HPV
found in urethra and urine of men with gonorrhoea..... 130

Table 16: HPV in different specimens in
relation to possible risk factors of men with
Urethral gonOrYhORE v s s s faeni 89 68 Lasini s 6 &b vsGiass s 131

Table 17: Clinical, histological and cytological
details of female patients in multifocal study........ 138

Table 18: Clinical and histological details
of male patients in multifocal study.........covuvu... 140

Table 19: HPV DNA in biopsy and non-biopsy
specimens from women in multifocal study in relation
to types of specimens and times at which taken........ 141



Table 20: HPV DNA in biopsy, non-biopsy and SG

specimens from men in multifocal study in relation
to types of specimens and times at which taken.....

Table 21: HPV DNA findings SG specimens from
women in multifocal study in relation to types of

specimens and times at which taken..................

Table 22: HPV type in relation to types of

specimens in multifocal study.........cievveeinns

Table 23: HPV in relation to specimens taken

BNA SEUQY GTOUD . « + « e e v vt ettt te e e e et m e

Table 24: HPV in biopsy specimens in relation

EO SERdy GYOHD.  « conmin v 6 ¥ @ et 5 e ¥ B SERRG S & B Y 8 0 oieaia e

Table 25: HPV in urethral swab specimens in

relation £O SENCY GYOUD. « « coses s a5 cisis s s 2 % ¢ 5 5oz s

Table 26: HPV in urine specimens in relation

O BEUSY GY00D s 5ot i 5 5 R % e 55 A 6 Hasid » 5 & 5 & smedomomsn s

Table 27: HPV in different specimens in relation
to possible risk factors of men with genital

dermatoses or urethral gonorrhoea...................

(xiii)



Introduction



1. HISTORICAIL BACKGROUND

1.1 Introduction

Although satirical writers in classical times appreciated
the role of sexual activity in the spread of anogenital
warts (AGW), there was widespread confusion extending to
the modern period between the clinical manifestations of

AGW, non-genital warts and condylomata latal. It was not

until the 195052, and more particularly the 1970s> that
the sexual transmissibility of AGW became widely accep-
ted. Interest in this field was initially limited, per-
haps as the disease was not perceived to have any signif-
icance other than cosmetic inconvenience. In the 1980s%
there was increasing evidence linking ¥PV infection and
cancer, and this was associated with a marked increase in
interest in human papillomavirus (HPV). Methodological
and, in particular, technical, advances occurring in the

1980s were essential to the further development of the

understanding of HPV.



1.2 The Greek and Roman periods

Descriptions of abnormalities which were probably AGW
occur in the writings of the ancient Greeks and

5'6, when the term "condyloma", literally meaning

Romans
"round swelling adjacent to the anus"’ was first coined.
Celsus, 1in the 1st century A.D. described different
physical types of warts, including those occurring in the

8 and in the 2nd century A.D., Soranus

anogenital area
wrote a chapter entitled "On warty excrescences in the
female genitalia”g. By the 6th century A.D., special
clinics had been established for the treatment of anal
condylomatal. Satirical lay writers freguently connected
perianal warts with anal sexual intercourse’, although
there¢ are no remaining records of what the Greek or Roman
physicians thought of the aeticlogy of AGW. Although some
dispute still remainss, it seems unlikely that syphilis
existed in Europe during the Greek and Roman periods, and

thus confusion with condylomata lata probably did not

oCceuI.

1.3 The nineteenth and twentieth Centuries

In the Dark and Middle Ages, documentation was generally

less precise than in the classical period, but some of



the genital lesions described may have been AGW®, and
there are sporadic records linking AGW with sexual activ-
ityl. Even during the periods of the Renaissance and the
Enlightenment, however, there was much confusion between

syphilis, gonorrhoea and AGW:.

1.2.1 The non-specific irritant theory

From the early nineteenth century onwards, AGW had been
attributed to genita irritation caused by secretions

"disordered through venery"3,

an 1idea which persisted
until the middle part of the 20th centurylo. According to
this theory, any irritant to the genital area could lead
to the production of warts, thus apparently explaining
the frequently observed association between gonorrhoea
and warts. Even as late as 1942, Kaplanl, when introdu-
cing the treatment of genital warts with podophyllin
(which is still currently in use), felt that an irrita-
ting discharges was the most likely cause of the lesions.
Infectivity was, however, difficult to explain with this
hypothesis.

With the discoveries of the gonococcus, Haemophilus

ducrevi and Treponema pallidum, interest developed in the

concept that a specific causative organism might be
involved in the development of AGW. Various organisms,

1 were put forward as possible

particularly spirochaetes
aetiological agents, but eventually it became clear that

these represented commensals rather than pathogens.



1.3.2 The unitary theory

The infectivity of common warts was not realised fully
until the end of the 19th centuryl. Soon afterwards it
was noted that the inoculation of extracts of skin warts
from one site on the body into the skin of other parts of
the body sometimes led to the production of plane or
common warts at the sites of inoculation+l. The concept
therefore developed that skin warts were caused by an
infectious agent, which filtration experiments estab-
lished to be of wviral size. Genital warts were thus
regarded by some as a special kind of wart, modified in
appearance and structure by arising from the genital
epidermisl, but caused by exactly the same virus as that
causing skin warts. This "unitary theory" was held at the
same time as the non-specific irritation theory.

Support for the unitary theory12 was based on the
histological similarit.es between skin warts and AGW,
the freguent coexistence of skin warts and AGW, the
similar treatment modalities for skin warts and AGW and
the observation that the incubation periods for skin
warts and AGW are similar.

The unitary theory also gained support from inoculation
experiments. Unfilteredi2:13.14 gng filteredl inocula
from AGW were shown to lead to the production of skin
warts elsewhere. However, there has been only one unsuc-

2 . £ v
cessful and one successful documented e:-;perlrnentl"*3 in

which filtered extract from AGW led to the development of



genital lesions in the recipient. In addition, there has
been one anecdotal report15 of a lesion developing on the
finger of a surgeon who pricked himself whilst operating
on a patient with condylomata acuminata. There have been
no successful experiments in which skin wart extracts
(filtered or unfiltered) have induced genital warts
following inoculation!. Observed incubation periods were
in the range 21/2 to 11 months. None of the inoculation
experiments, however, was properly controlled and they
are unlikely to be repeated in view of ethical considera-

tions.

1.4 The development of current concepts

In the mid-twentieth century, virus particles were seen

1e and

using electron microscopy in samples £from common
anogenitall7'18 warts. However, i1t was not until 19713,
that AGW were clearly demonstrated to behave in a differ-
ent epidemiologiczl fashion from common warts, and the
unitary theory was therefore seriously questioned. Short-
ly after thisl?, technological advances allowed the
differentiation of wart virus types on the basis of DNA
homologies. It then became clear that AGW were separate
from, but related to other aspects of HPV infection.

It has proven extremely difficult to cultivate papillo-
maviruses in cell cultures, as they require actively

differentiating cells within which to complete their life

cycle. Recently, however, HPVs have been successfully



grown in keratinocyte lines grafted onto nude mice 20 ana

in a collagen raft culture system containing cells der-
ived from a CIN lesion 21. Furthermore, typical condylo-
matous changes have been induced in heterografted human
foreskin tissue by HPV type 1122, Thus, HPV type 11 has
now been unambiguously identified as an inducing agent of
condylomata acuminata.

Parallel to these developments in our understanding of
the virology and epidemiclogy of HPV has been an evolu-
tion in our appreciation of the complexities of the
interactions between papillomaviruses and their hosts. It
has become increasingly apparent that infection with HPV
is probably a necessary but not a sufficient factor in
the development of AGW and a variety of other clinical

conditions.



2. VIROLOGY

2.1 Viral structure

Study of HPVs has been hampered by several factors, such
as the impossibility of passaging HPV through a non-human
host, the inability to culture the organism in artificial
media, the difficulty of infecting human cell cultures
with HPV and the low concentration of viral particles in
AGW.

The HPVs have an icosahedral structure with 72 capso-
meres and an overall diameter of approximately 55nm<2 .
The viral capsid is made up of a 53-58 kilodalton poly-
peptide (constituting more than 80% of total wviral pro-
tein) and a 70 kilodalton polypeptide. The genome of HPV

24 ang comprises a circular,

is complexed with histones
double-stranded, super-helical DNA mclecule of approxima-
tely 8,000 base pairs25 with a molecular weight of 5.2 x
10%daltons.

Papillomaviruses were classified initially with poly-
omaviruses (such as simian wvacuolating virus 40 [SV40]
and the human BK and JC viruses) as a papovaviruse526 on
the basis of structural similarities. Genetically, how-
ever, there are marked differences between papillomavir-

27

uses and polyomaviruses and there are also different



antigenic properties28. Only one DNA strand of papillo-
maviruses is transcribed, whereas half of each strand of
polyomavirus DNA is transcribed. Polyomaviruses produce a
lytie infection, whereas ©papillomaviruses typically
produce proliferative lesions. It is now therefore gener-
ally accepted that papillomaviruses represent an entirely

separate group from polyomaviruses.

2.2 Species and site specificity

Papillomaviruses are found in a wide variety of verte-
brates such as rabbits, hamsters, sheep, goats, deer,
cattle, dogs, monkeys, amphibians, reptiles and birds2?.
They are highly species specificzs, as well as being
specific to certain anatomical 1locations. Furthermore,
disease states associated with papillomavirus infections
seem to be a particular problem of domesticated animals

30, Because of the stability of the

and polygamous animals
virions tc heat ancd desiccation, communication need not
necessarily involve direct contact. For instance, farm
animals can acquire cutaneous infections through abra-
sions resulting from rubbing against contaminated

fences3?. Direct comparison of nucleotide seguences from

animal and human papillomaviruses3l

suggests that the
papillomaviruses infecting different animals are distinct
from those infecting man, but that they have an evolu-

tionary relationship. HPVs have only been found in humans

and infect squamous epithelia of keratinizing and non-



keratinizing surfaces. They have been found in the skin

and mucosae of genital, anal, urethral, oral and respira-

tory regiomns.

2.3 HPV types

A unigque HPV type is defined by the occurrence of less
than 50% cross-hybridization with all other known HPV
types in a liquid-phase DNA hybridization assay32. Dif-
ferent types are numbered according to the order of
discovery. Subtypes, for example HPV types 6a-f, are
defined as being the same virus type (as recognised by
liguid-phase hybridisation assays), but displaying poly-
morphisms with respect to sites of cleavage by restric-
tion endonucleaseszB. On this basis, 68 different gen-
otypes of HPV have so far been reported33. Evidence sug-
gests, however, that there are probably several more to
be identified.

The above classification system may need to be revised.
The correlation between DNA liquid reassociation kinetics
and base sequence is a complex one. Furthermore, trans-
mission electron microscopy of DNA:DNA heteroduplexes
suggests that there is much more homology between various
types than 1is 1indicated by —reassociation kinetic
studies34. Aan example of the difficulties of the current
classification system is illustrated by HPV types 6 and

11. These two HPV types show an overall nucleotide se-

guence homology of 82%, yet give a value of 25% hybridi-
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sation in ligquid reassociation kinetic reactions>>. A new

classification based on less than 90% sequence homology
in the open reading frames E6, E7 and L1 has recently
been introduced in an attempt to adopt a more meaningful
approach to the classification of HPV types33.

Diversity of papillomavirus types does not appear to be
due tc a high mutation rate of the viral genome. The DNA
sequences of given types of virus have appeared stable
over a wide range of geographic 1locations and after

decades of propagation in immortal cell lines3%.

2.4 The Genetic Structure of HPV

Recombinant DNA genomes have been constructed with the

plasmid vector pBR322 in Escherichia coli K-1223 enabling
the study of the structure and function of the genomes of
various papillomaviruses. Most of the initial experi-
ments on papillomaviruses were based on cellular trans-
formation assays with bovine pzapillomavirus (BPV), but
more recent work has given us considerable information
concerning the functions of the various components of the
human papillomavirus genomes.

The genome of papillomaviruses is very conserved and
has been divided into "early" and "late" regions on the
basis of the stage in the life cycle at which the differ-
ent genes are expressed. Evidence suggests, however, that
these terms are oversimplifications, but they have been

retained for largely historical reasons.

i



2.4.1 E (Early) Region

The Early region contains 5 - 7 open reading frames
(ORFs) encoding transformation, replication and regula-
tion functions. These genes are expressed soon after
infection, and prior to the initiation of DNA replica-
tion. E3 and E8 are not found consistently in all papil-
lomaviruses, and probably do not represent coding se-

guences.

El is the longest and best conserved viral gene product

amongst the papillomaviruses36. It is the main wviral

replication protein.

It"J
)

is a viral transcription regulator.

El and E2 control viral replication by forming a complex

which binds DNA at the origin of replication36. In con-

trast to BPV, E2 represses transcription of Eé and E7

proteins37.

E4 is expressed late in the replicative cycle (despite
its name), but is not incorporated into the virions. In
HPV 1-induced lesions, E4 proteins are amongst the most
abundant viral proteins found in the cytoplasm of strati-
fied keratinocytes, and may play a role in virus matura-
tion. E4 proteins act by binding and disrupting certai

33

cytokeratins allowing the release of formed wviral

particles38.

12



E6 and 7 proteins are necessary and sufficient for immor-

talisation of human keratinocytes in vitro3?. Regulation

of expression of E6 and E7 appears to be at the trans-
criptional level, by control of the initiation of their
mRNAs, and yet both E6 and E7 proteins function as trans-
criptional transactivators3®. E6 proteins of HPV 16 and
18 complex the cellular p53 protein, which 1leads to
accelerated degradation of p5340*1. HPV 16 E7 binds to
retinoblastoma protein42 and the cell regulatory proteins
kinase c¢dk2 and cyclin 2%3. The 1levels of E6 and E7
proteins expressed in infected cells may thus be impor-

tant in oncogenic conversion.

2.4.2 L (Late) Region

Late genes are expressed later in the wviral life cycle
and are usually involved in the maturation of wviral
particles. The late region contains 2 ORFs encoding the

major and minor viral capsid proteins.

Ll This ORF contains sequences which are conserved in all
papillomaviruses and codes for the major 55 kilodalton

capsid protein.

L2 This ORF codes for a minor structural protein. It has

been proposed that the L2 polypeptide represents type
specific antigen, but this has yet to be verified with

DNA sequencing work33 .

13



The URR (also known as the long control region) contains
transcription regulatory sequences, plasmid maintenance
44

sequences and the origin of replication The non-coding

region 1is an 800 base pair 1length of DNA containing

promoter and enhancer elements®>.

2.4.3 Nucleotide Homology

All papillomaviruses share some nucleotide sequences. The
most conserved areas are the carboxyl terminal half of
Eq, the N and C terminal ends of Es, and L;. The least
conserved areas of the genome are the regulatory region,

EQ, E5 and L2.

2.5 Genitotropic HPVs

At least 27 different HPV types have been isolated from
benign and malignant anogenital lesions33. HPV 6, 11 and
42 are the types most frequently found in condylomata
acuminata®®, with types 6 and 11 accounting for 80-90% of
all clinically apparent lesions®”’. oOther types found in
condylomata acuminata include HPV 44, 51, 53, 55 and
67°3. HPV types 16, 18 and 33 are most frequently found

46 Other types found in intraepi-

in cervical neoplasia
thelial neoplasia in the anogenital region are HPV 6, 11,
30, 31, 34, 35, 39, 40, 42, 43, 45, 51, 52, 56, 57, 59,

61, 62 and 6433, HPV types 6, 11, 16, 18, 31, 33, 35, 39,

14



45, 51, 52, 54, 56 and 66 have been found in carcinomas
of the anogenital region33.

The DNA of a few HPV types has been found integrated
with host cell DNA%8-2. Based on these integration pro-
perties and the frequency of detection in benign lesions
or invasive carcinomas, HPV types have been classified®?

as "low-risk" (e.g. types 6 and 11) and "high-risk" (e.g.

types 16 and 18).

2.6 Multiple HPV infections

Patients with evidence of HPV infection at one anogenital

site frequently have infection at other anogenita151'3

54

and non-anogenital sites Furthermore, there 1is evi-

dence that infection with one viral type does not confer

resistance to others?’. Individuals may therefore have

infections with two or more HPV types, sometimes in the
same lesion®5760, However, there 1s some evidence®® that
infection with one FPV type is rarely associated with

concurrent active infection by a second viral type.
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3. IMMUNOLOGY

3.1 Introduction

The human immune system responds to infection with HPV by
mounting a humoral and cellular response. The result of
that interaction may be any combination of clinically
manifest disease, subclinical infection, or most common-
1y,61 the induction of latency. Furthermore, the stabili-
ty of any latency may be disrupted by the induction of
immunological dysfunction. In addition, the chronicity of
HPV infection in immunocompetent hosts suggests that
there may be a problem with papillomavirus antigen pre-
sentation to the immune system, or a failure of the

immune system in recognising HPV-infected cells.

3.2 Immunohistological considerations

Infection with HPV is thought to be restricted to the
epithelium, as virus particles appear incapable of pene-
trating the basement membrane. Mononuclear cell inflam-
matory infiltrates are the major morphological feature in

62 caused frequently by infection

regressing plane warts
with HPV 4, but are not seen routinely in other types of
regressing warts. Some of the components of these infil-

trates are discussed below.
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3.2.1 Langerhans' cells

The first 1line of defence against HPV infection is
thought to be the Langerhans' cells, which are intra-
epithelial dendritic antigen presenting cells (APCs).
Langerhans' cells can be subdivided according to the
markers present on their surfaces (for example T6, AT-
Pase, MHC II and S—100)44. Their functions are to process
and present a vareity of cutaneous antigens, and they are
capable of activating primary T cell responses.

Most studies suggest that there is a significant de-
crease 1in the concentration of Langerhans' «c¢ells in

€3-4 This reduction

365

cervical condylomata and CIN lesions
applies to all Langerhans' cell subpopulations examine
and i1s more significant in HPV 18-infected lesions com-

pared with HPV lé6-positive lesions®%.

3%€ that Langerhans' cells express-

It has been observe
ing HLA-DQ are diminished in warty tissue, compared to
those expressing HLA-DR. As HLA-DQ is needed for the
presentation of antigens to T-cells by macrophages, a
reduction in the 1level of such Langerhans' cells was
proposed as a means to explain persistent infection with
HPV. However, it 1is currently unclear whether the reduced

Langerhans' cell concentrations are the cause or the

effect of persistent papillomavirus infections.

17



3.2.2 T lymphocytes

T4 (helper/inducer) cells and T8 (suppressor/cytotoxic)
cells comprise the main immune response to tumours and
virally infected cells. In one report, reversed T4/T8
ratios were found in the peripheral blood of patients
with condylomata67, and such a ratio has also been shown
in the condyloma tissue itself®>,

Intra-epithelial T cells with 7 6 receptors may also
have a role in the recognition and elimination of HPV-

infected keratinocytes.

3.2.3 Natural killer cells (NK cells)

NK cells are not normally present in the epidermis, but

66 o suggest the presence of

there 1is some evidence
markers consistent with their presence in condylomata
acum.nata. This would therefore support the suggestion

that NK cells may be involved in the host response to HPV

infection.

3.2.4 Keratinocytes

HPVs infect but do not kill keratinocytes. HPV replica-
tion depends on keratinocyte differentiation and it has
therefore been postulated®® that, as only complete viral
particles are assembled in terminally differentiating

keratinocytes, the majority of potential viral antigens

18



are only found relatively distant from, and less access-
ible to the immune system. The more accessible suprabasal
layer only contains free HPV DNA, which is considerably
less antigenic than complete viral particles.

Keratinocytes have been shown to be immunocompetent
cells and to produce immune regulating cytokines that
are likely to have a stimulatory effect on Langerhans'
cells®®. HPV infection of the keratinocytes may alter
this function and possibly cause a reduction of cytokine
production that may, in turn, lead to decreased stimula-
tion of Langerhans' cells and may explain why HPV infec-
ted tissues become depleted of Langerhans' cells. Thus
the consequences of keratinocyte infection may possibly
instigate the first step in a suppressive immune modula-
tion.

T helper cells are not activated by HPV-infected kera-
tinocytes, as these express no MEC Class 2 molecules®?.
Furthermore, T helper cells do not recognise papilloma-
virus proteins presented by the local professional APCs,
as epithelia. cells are not killed by HPV infection and
ne papillomavirus particles or proteins are released, to
be taken up by APCs. It can therefore be seen why HPV
infection may fail to elicit an immune response. In this
model, destructive therapy for HPV lesions facilitates
the phagocytosis of disrupted HPV-infected «cells by
scavenging macrophages and papillomavirus proteins are
thus presented to the immune system.

Cytotoxic effector T cells will recognise papilloma-

virus devived peptides on the surface of keratinocytes in

18



the context of MHC Class 1 molecules, but without any of
the second signals for T cell activation from the kerati-
nocytes, APCs or T helper cells. Effector T cells may
therefore ignore the papillomavirus antigen-displaying
keratinocytes, or be rendered tolerant /0.

In vitro studies have shown proliferation of peripheral
blood T cells from normal individual in response to HPV
16 E6 and L1 proteins, thus demonstrating the antigeni-
city of these proteins71. It is currently unclear whether
such proteins are also immunogenic, i.e. whether they are

presented to the immune system.

3.3 The humoral immune response

Whilst cell-mediated immunity does seem to be important
in the course of HPV infection, the role of humoral
immunity is less clear. For example, patients with common
variable immunodeficiency (& disease characterised by a
failure of antibody production and only rarely a T cell
deficit) are not especially prone to warts, unlike, for
example patients with human immunodeficiency wvirus infec-
tion. Many of the early studies, however, were limited by
poor antigen specificity, impure antigen sources, small
quantities of antigen available and low assay sensitivi-
ties.
Several lines of evidence%? suggest that the major

capsid protein contains type specific epitopes on the

virion surface and type common epitopes hidden within the

20



virion. Antisera raised against the L2 proteins also tend
to react in a type-specific manner.

Circulating antibodies in genital HPV patients are
principally to L1 and E4, E6/7 and E2 (in that order).
Such antibodies are also detected in individuals without
overt signs of disease (although presumably with sub-
clinical infection)’273.

Unfortunately, no study to date has demonstrated a
rising titre to any papillomavirus antigen following
acute infection. Furthermore, serological positivity is

often less than 50% in populations known to be infected

with a specific HPV type.

21



4. DIAGNOSTIC TECHNIQUES

4.1 Introduction

Different techniques measure different aspects of the
host-virus interaction with varying degrees of accuracy.
There is currently no accepted "gold standard" for the
detection of HPV. All methods have differing sensitivi-
ties and specificities and may be appropriate to use in
differing circumstances. Varying estimates of the preva-
lence of HPV among healthy and diseased groups may be
explained, at least in part, by differing abilities of
different laboratories to detect and type HPV in given
samples74. Whatever the method used, it is important to
bear in mind that a negative result from one sample is
not necessarily indicative of the absence of HPV infec-
tion, in view of the focal nature of such infections.
Furthermore, there may be fluctuations in the shedding of

viral particles with time>0.

4.2 Clinical examination

Clinical examination with the unaided eye is the oldest
diagnostic technique. Unfortunately, however, there is
still no universally agreed terminology, with terms often
not defined. In particular, the term "condylomata acumi-
nata" is frequently used interchangeably with "anogenital

warts". The classification system used in this thesis is
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based on that of Oriel”>.

Classical condylomata acuminata are the most character-
istic and most easily recognised clinical manifestation
of infection of the anogenital region with HPV, although
care has to be taken to avoid confusion with lesions such
as condylomata lata. The naked-eye detection of condylo-
mata acuminata formed the basis of epidemiological stud-
ies of anogenital HPV infection until the development of
sophisticated laboratory-based technigues. Most condylo-
mata acuminata are visible to the naked eye, although a
hand lens or colposcope can significantly increase the
number of lesions seen.

Sessile warts are macular or slightly elevated papular
lesions which are most commonly seen on the shaft of the
penis, but are also occasionally found elsewhere in the
anogenital region. Verrucae vulgaris are hyperkeratotic
warts which are normally found in the non-anogenital
areas of the body, but which may alsoc occur in the ano-

genital region76'7.

4.3 Subclinical HPV infection

Subclinical HPV infection can be detected only by the use
of special technigques, most commonly the application of
3-5% acetic acid followed by microscopic examination.
Subclinical HPV infection can be found either alone or in
association with other manifestations of HPV infection.
For example, in one study of 51 men78, 45 of them were

found to have histological evidence of HPV infection in
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biopsies obtained using a colposcope, but only 8 of these

had epithelial changes which were visible to the unaided

evye.

4.4 Colposcopy

"Colposcopy" was the term initially used to describe the
examination of the female genital tract using a micro-
scope, often following the application of acetic acid.
Colposcopy has become an established technique for the
investigation of the uterine cervix and gradually the
term has been extended to include the microscopic exami-
nation of the whole female anogenital tract. The terms
n52,79,

'"peniscopy “androscopy"so_l, "magnified penile

n82 nB83-4

surface scanning "penoscopy , as well as '"colpo-
scopy"78'85'9 have been used to describe examination of
the male anogenital tract with the aid of a microscope.
The development of visible ("acetowhite") abnormalities
following the application of acetic acid to an area of
epithelium is due to hypercellularity, protein coagula-
tion?® and the predominance of nuclei in atypical
cells?l. The sensitivity and specificity of this tech-
nigue depends on the operator and on the area studied.
Well defined criteria have now been established for the
interpretation of acetowhite changes of the cervix®?.
Abnormalities of epithelial surfaces of the external
anogenital region which may turn acetowhite, therefore,

include areas of inflammation such as folliculitis,

psoriasis, . eczema, candidiasis, chronic pruritus with
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lichenification, molluscum contagiosum, microtrauma from
recent intercourse, as well as HPV-related
lesions>’:80,82,90,93-4 5n4 penile intraepithelial neo-
plasia57'95. Lesions such as haemorrhoids, skin tags and
naevi do not produce acetowhite changesso- The specifici-
ty of this technique when applied to the male genitalia
is generally low>2:93,96-7, especially for scrotal le-
sions?7. Although predominantly applied to the genitalia,
acetic acid staining has also been used in the evaluation
of other HPV-induced lesions, such as Jjuvenile laryngeal
papillomatosisgg. Even in experienced hands colposcopy,
together with the application of acetic acid, may fail to

detect infected areas, and it is incapable of differenti-

ating between infection with different HPV types.

4.5 Histopathology

The processes involved in the development of histological
changes associated with infection with HPV are poorly
understood. Infection with HPV type 6 is histologically
indistinguishable from infection with other HPV types47.
Furthermore, the detection of histological changes in
infected tissue appears to be an insensitive index of
infection, as histologically normal tissue has been found
to contain HPV DNAZ?.

Infection with papillomaviruses requires direct physi-
cal access to the basal cells, and it is speculated that

establishment of infection may depend on activation of

cell division during healing. The "transformation zone"
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between columnar and squamous epithelium in the cervix
(and also the nasal mucosa, larynx and at the border of
healing wounds) is highly susceptible to the mucosotropic
viral typesBO. This concept is supported by the observa-
tion that condylomata acuminata tend to occur in areas
submitted to trauma during sexual intercourse. It is
postulated that trauma may induce multiple epithelial
fissures on sites submitted to a high degree of friction,
thereby facilitating virus introductioni®0,

Free viral DNA precedes capsid formation and is found
in the suprabasal layer of infected epithelia. Complete
-virus particles are found in the more superficial granu-
lar and corneal layers, eventually being shed into the

101, Furthermore, it is

environment with the keratinocytes
believed that wviral replication depends on keratinocyte
differentiation.

Papillomaviruses induce warts, which are 1localised
lesions with many different morphological and histologi-
cal manifestations. Hyperplasia, a frequent finding of
epithelia infected with papillomaviruses, may result from
a combination of accelerated cell division of the basal
cells and delayed maturation of the superficial keratino-
cytes, protracting their transit time to the surface.
Some types of warts remain strictly benign, with the
dividing cells confined as usual to the basal monolayer.
Others can become dysplastic to varying degrees, and may
exhibit nuclear atypia with continued viral replication

and division of suprabasal cells, abnormal mitoses, and

possible shifts in the chromosomal ploidy. In addition,
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some papillomavirus lesions can progress to carcinoma in
situ, and ultimately penetration of the basement membrane
and frank carcinoma with metastases.

The expression of genes from regions of the wviral
genome which encode non-structural polypeptides probably
result in an altered response of germinal epithelial
cells to the factors that regulate their numbers and the
frequency of their division?®. Furthermore, viral repli-
cation interferes with the terminal differentiation of
the host cell102 ang provokes cytopathic effects which
seem to depend on the virus type. In the genitotropic
HPVs, this effect is characterised by the perinuclear
vacuolation of koilocytes. The presence of koilocytosis,
reflecting a cytopathic effect of productive HPV infec-
tion, is regarded by many57 as a pathognomonic 1light
microscopic sign of biological activity of HPV. This
marker correlates best with classical condylomata acumi-
nata and is less consistently present in non-condyloma-

tous manifestations of HPV infection99'103.

4.6 Exfoliative cytology

Exfoliative cytology for the detection of HPV infection
is used most commonly for uterine cervical lesions, but
it has also been used 1in investigating the urethra,
vagina, anus and external genitalia. The main advantage
of this technique is that it is possible to sample from a
larger area than is usually practicable by biopsy. It is

based on the assumption that the koilccyte is pathognomo-
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nic of HPV infection. Exfoliative cytology does, however,
have a 1low sensitivity47, is unable to differentiate
infection between different HPV types, and depends on the

ability to reliably sample from the appropriate area.

4.7 Latent infection

Latent infection has been defined®®? as HPV infection
which cannot be detected by the commonly used diagnostic
procedures of clinical inspection, colposcopy, Papanico-
laou smear and punch biopsy. Many microbiologists, how-
ever, use the term "latency" to indicate the presence of
the virus, but with no evidence of any associated histo-
logical change. Latency may represent the most common

104 The reservoir of viral

clinical outcome of infection
DNA in infected but clinically normal epithelia is
thought to be the basal cell layer, since these are the

only cells in the epithelium that divide30.

4.8 The Polymerase Chain Reaction (PCR)

The development of the PCR has been described as one of
the most substantial technical advances in molecular

. . - =1
genetics in the past decadel®>,

4.8.1 Technique of the PCR

The primers used in the PCR are two single-stranded
oligonucleotides which are synthesised to be complemen-

tary to known sequences of the target DNA. They define
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the two ends of the stretch of DNA to be amplified. The
two primers must not anneal toc one another, and their
sites of annealing to the target DNA must be sufficiently
apart to allow the subsequent synthesis of new products.
The most commonly used primers in HPV work are chosen in
the L1 ORF of the HPV genome, and these were used in the
studies presented in this thesis. These primers are
consensus primers with which a large spectrum of HPV
types can be amplified. However, problems may arise in
the investigation of tumours with these primers, as this
region may not be integrated into the host genome. Thus,
E€ ORF or E7 ORF might be appropriate for the investiga-
tion of carcinomas, although the range of HPV types which
can be detected by this system is more restricted com-
pared to studies using consensus primers.

The PCR method is based on the repetitive cycling of
three reactions. The first reaction is the denaturation
of the target double-stranded DNA, where heat is used to
break the hydrogen bonds which link the two complemen-
tary strandas of DNA. Next, the extremely specific step of
primer annealing occurs, when the two primers bind to
flanking sides of the region of interest. Finally, DNA
synthesis is initiated using heat stable Tag polymerase.
In this step, each annealed primer is extended in the
presence of excess deoxynucleotide triphosphates and a
new single strand of DNA is synthesised from each an-
nealed primer. Each new strand consists of the primer at
its 5' end, trailed by nucleotides sequences which are

complementary tc those of the corresponding template. The
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three reactions are then repeated, first by raising the
temperature, so that all double-stranded DNA is converted
to a single-stranded DNA, thus aborting any on-going
polymerisation. In this manner, the newly synthesised
products are then used as templates for new primer-exten-
sion reactions (i.e DNA synthesis), thus resulting in a
geometric amplification of DNA products. It is the combi-
nation of this geometric amplification, together with the
extremely high specificity of the annealing step which
give PCR its high sensitivity in detecting target DNA.
Typically 30-40 cycles are repeated. The "long products"
produced during the first amplification step have 3'
endings of variable lengths. However, when these frag-
ments take part in the next round of amplification,
"short fragments" are produced which exactly complement
the initial region of interest. During subsequent ampli-
fication cycles, the short fragments increase geometri-
cally, whereas the long fragments increase merely arith-
metically. Thus, after, say, forty amplification cycles,
the number of long fragments present in the reaction
mixture is vanishingly small when compared to the number

of short fragments.

4.8.2 Advantages of the PCR

The principal advantage of the PCR is its sensitivity.
Theoretically, the amplification process of the PCR can
increase the number of DNA strands exponentially to 2%,
where n is the number of cycles. It is thus possible to

amplify specific sequences more than a million-fold in
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only a few hours?®® and potentially detect one copy of a
target sequence in a given samplelos“s. Although initial-
ly requiring highly skilled operators and specialised
materials, increased automation and greater availability
of primers has meant that the technique has become more
widespread and costs per assay have diminished. Further-
more, as the product may be generated in large gquanti-
ties, it is possible to use a range of detection systems

as well as radio-labelling.

4.8.3 Disadvantages of the PCR

The main problem with the PCR is contamination. Unwanted,
cross-reacting DNA may confound the reaction conditions
as a vresult of contamination at any stage, from the
initial taking of clinical samples to the final examina-
tion of the results. Contamination can be minimised by
the careful collection of clinical material, the physical
separation of reactions occurring before and after the
PCR, the use of positive <dJdisplacement or disposable
pipettes and the repeated use of positive and negative
controls throughout the experiments. In addition, the use
of anti-contamination primers and the "wipe" test may be
helpfu1109‘lo. A further aspect of the PCR is that it
gives no information on the host response to the presence
of the wvirus. Careful standardisation, quantification of
the amounts of HPV detected, and quality control of the
PCR are all needed before this technique can safely be
used in epidemiological studies concerned with the trans-

mission and natural course of genital HPV infections.
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A particular problem associated with the use of consen-
sus primers is the preferential amplification of one
particular HPV type, thus resulting in a significant
underestimation of the incidence of multiple infections.

The absence of a "gold standard", and the 1lack of
availability of established external quality controls
indicate that caution should be adopted when interpreting

results.

4.9 Southern blotting with hybridisation

In Southern blottinglll, electrophoretically separated
denatured DNA on an agarose gel is transferred and fixed
to a membrane. The DNA is then hybridised with a labelled
HPV probe. The sensitivity of this process, is between
0.1 and 0.01 HPV genome copies per cell, depending on the
amount of cellular DNA and specific activity of the
probe33. In combination with the PCR, it is theoretically
possible to detect one viral genome per cpecimen.

Southern blot DNA hybridisation technigues are general-
ly regarded as the most accurate means of detecting and
typing HPV in bioclogical samplesllz, and come closest to
the "gold standard" in HPV work 74 | However, when the
same samples are analysed even by experienced laborato-
ries’?, there may be significant discrepancies both in
terms of which specimens are regarded as being positive
for HPV, and for which type. Unfortunately for routine
diagnostic work this technique is too time consuming and

labour intensive.

32



4.10 Other techniques

A variety of other techniques has been used to determine
the presence of HPV in tissues. None of these has the
combination of sensitivity and specificity offered by the
PCR in combination with Southern blotting with hybridisa-
tion33.

Electron microscopy allows the localisation of parti-
cles in tissue samples to be detected, but cannot differ-
entiate between HPV type and can only reliably detect
fully formed viral particles.

Antigen detection depends on the binding of specific,
labelled antibodies to wviral antigens. Initial problems
with the specificity of antibodies have now been overcome
by the use of genetic engineering technigques. The late
structural proteins were the first HPV antigens to be de-
tected, but it is now possible to detect early HPV anti-
gens such as E4, E6, and E7 by a variety of techniques
including immunoflourescence and radioimmunoprecipita-
tion.

Problems with serological methods have arisen because
of the lack of specificity of the early detection sys-

101 Furthermore, it is currently not clear to what

tems
extent (if any) local infections with HPV generate sys-

temic antibody responses.
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5. EPIDEMIOLOGY OF ANOGENITAL HPV INFECTION

5.1 Introduction

Information concerning the major epidemiological parame-
ters, such as length of incubation period, efficiency of
transmission, virus reservoirs outside the genital tract,
and non-sexual transmission of HPVs is limited. In par-
ticular, there is a paucity of well-controlled partner
studies, where both sexual partners have been examined,
treated and properly followed up. Reasons for this re-
stricted amount of information include the considerable
morphological variation of clinically apparent lesionsB,
the large proportion of lesions undetectable to the naked
eyes5 and ‘the previous low level of dinterest an this
infection. Further problems in our understanding of the
epidemiology of HPV infections have arisen in 1light of
recent observations from Ilongitudinal studies that HPV
infection presents a constantly changing clinical pic-
ture5o, with clinically apparent, subclinical and latent
infection being found in the same patient over a period
of months. Technical difficulties compound these prob-

lems, as we have no reliable in vivo or in wvitro tech-

nique for assessing the infectivity of HPVllB, and the
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presence of infectious virions cannot be inferred as a
result of finding wviral DNA. Epidemiological and techni-
cal factors may thus explain some of the widely differing
incidence and prevalence figures reported for infection
of the anogenital area with Hpv104

More information is available concerning the epidemiolo-
gy of anogenital HPV infections in women than men. There
are several reasons for this. Firstly, as part of screen-
ing programmes for cervical carcinoma, large numbers of
cervical scrapes are taken from wide cross-sections of
the population. The collecting spatula or the resulting
slide stained by the Papanicolaou method can be relative-
ly easily examined for the presence of HPV DNA. Secondly,
the rapid expansion of colposcopy services has generated
large numbers of biopsy specimens which are ideally
suited for HPV studies. In comparison to women, men have
lower rates of anogenital cancer and lack a standardised,
readily applicable method for sampling the anogenital
region. Furthermore, there is no male counterpart of the
cervical screening and colposcopy services for women. For
these reasons, much of the information concerning the
epidemiology of anogenital HPV infections has been ob-
tained from women. Differences in infectivity, persist-
ence and susceptibility of the genital epithelium to HPV-
induced transformation between men and women may explain
differences in the epidemiology between men and
womenll14-3,

The development of such concepts as the '"high risk

male", the sexual transmissibility of HPV, and evidence
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suggesting a role for HPV in the development of penile
dysplasia and cancer means that the epidemiology of HPV
in the male anogenital tract warrants serious considera-
tion. This review will therefore also particularly con-

centrate on the epidemiology of HPV infections in the

male anogenital region.

5.2 Anogenital warts

The term condylomata acuminata and AGW are sometimes used
synonymously, yet other warty lesions without the typical
appearance of condylomata acuminata (Figure 1), such as
verrucae vulgaris (flat keratotic plaques) and planar

(papular) warts, may occur on the anogenital area’®"7 in

a similar distribution’’. It is currently unknown whether
the HPV types and epidemiology of verruca vulgaris and
sessile warts of the anogenital area are identical. Some

116 suggests that clinical appearance is not a

evidence
particularly helpful indicator of HPV type. orielll” nas
suggested that verruca vulgaris of the anogenital area
may arise as a result of transfer of virus particles from
the hands, although he presents no evidence in support of
this contention.
There are currently no accepted methods for the de-

scription of type and estimation of size of AGW, making
comparison between studies difficult. It is easy to

overlook small warts on naked eye examination, and mi-

croscopy often reveals previously missed lesions.
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Figqure 1

Condylomata acuminata



In the United Kingdom, condylomata acuminata are not a
reportable communicable disease, although are reported to
the Department of Health (DoH), and have been separately
recorded as new or recurrent cases from 1988. These
figures only represent cases presenting to genitourinary
clinics, and therefore omit those managed by general
practitioners and other medical specialities, and those
which do not present clinically at =all. Despite these
problems, however, the DoH figures are generally regarded
as the most reliable estimate available. In 1980, 17,930
men and 10,246 women attended GU medicine departments in
England with genital warts. In 1990, the corresponding
figures were 45,705 and 32,935, representing an overall
increase of 358% over the ten year periodlls. The rela-
tionship of new cases of selected genitourinary condi-
tions, including AGW, with time is illustrated in Figure
2119 It is unclear whether presenting behaviour has
altered over this period, although anecdotal evidence
from the clinic would suggest that patients, in the wake
of 8TD education programmes have become increasingly
aware of the potential importance of AGWs, and thus
perhaps more likely to presentlzo. Furthermore, there is
a suggestion121 that HPV infections of the genital tract
are occurring at an earlier age. A similar increase in
the numbers presenting with AGW has occurred in other

32,104,122-¢6

Western countries Unfortunately, however,

few data exist as to the true incidence and prevalence

rates of HPV infections in unselected populationsso.
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It has been estimated in the United States that 0 1A%

o\®

of the general pOpulation127, 0.5% ko & of sexually
active adultslz7, 1% of women attending a student health
clinic34, 1.5% of obstetric patient5128 and 10% of STD
clinic attenders3? have AGW. In the United Kingdom the
estimated prevalence of AGW in the general population is
0.05%227 . Of the 634,000 new cases attending genitouri-
nary clinics in England in 1991, 83,000 (13%) had a new
diagnosis of AGW11?,

AGW typically occur at sites subjected to trauma during
intercourse3:77:129-30 15 the male, the majority of

lesions occur within the preputial sac’’, although the

whole anogenital area may be affected’®. Early reports2
that warts are more common in uncircumcised men have
recently been challengedlBl. Men are often unaware of
warty penile growths even if they are overt®8. The re-
sults of one study132 suggest that AGW are more common
in whites than blacks, but it is unclear whether this is
& true reflection or the epidemiology of AGW, or is

related to different presenting behaviours.

5.3 HPV DNA and AGW

HPV DNA has been detected in 69°2 - 100%133-4 of biopsies
from AGW. The failure to detect HPV DNA in some AGW
specimens may be explained in terms of technical problems
or limitations, viral copy number below the detection
limit of the assay system, and the possibility of infec-

tion with HPV types other than those tested for. 1In



addition, care should be taken to use a probe reflecting
the part of the genome which likely to be integrated.

The commonest HPVs found in AGW are types 6 and 11,
accounting for 3494 - 100%77/135, with HPV 6a the most

common subtype130. As HPV types 6 and 11 have an overall

nucleotide sequence homology of 82%35, even under high

stringency conditions, cross-hybridisation may occur and

so one must be cautious in assigning separate infection

1859,133 3,134,136

with these agents. HPV types 16, and

I

3225 azre found occasionally in AGW, often in association

with dysplasia77. HPV 42 has been found in association

57

with benign95 and dysplastic penile lesions. Infections

with multiple HPV types occur’’+133 . There is some
evidence of geographical variation of HPV types found in
acwi30 . mpv type may also depend on sexual orientation as
HPV type 11 appears to be more common in the male homo-

sexual population, possibly reflecting a greater predi-

lection for anal mucosal infection59.

There is conflicting evidence of possible associations

between clinical appearance77, anatomical location of the

wart13o, light microscopic findings77'134, response to

treatment137 and HPV type. HPV 6 may predominate in

77

condylomata acuminata and papular lesions whereas HPV

16 is more commonly found in papular lesions’’. HPV 6

seems to be relatively evenly distributed in AGW of the

71 130

male’’, although some evidence suggests that HPV 6a

predominates in ©preputial sac lesions, including intra-

meatal warts. HPV 11 may predominate in the coronal

77 130

sulcus and in more proximal lesions Sessile warts

1=
[



may be more likely to have dysplastic microscopic appear-

ances77 :

5.4 Non-condyvlomatous clinically apparent HPV infection

Itch, burning and dyspareunia of the wvulva have been
reported in association with HPV infection!38-40  1n the

male genitalia, HPV infection has been associated with

o7 ;93,37 147 52

balanoposthitis ; although some reports
suggest that non-condylomatous genital HPV lesions are
rarely symptomatic. The epidemiology of these conditions

is not known.

5.5 Subclinical and latent infection

Many anogenital HPV infections are not visible to the
naked eye76'95 and it has been estimated that genital
warts may represent only 15142 to 10%3¢ of the total
spectrum of genital HPV infections. The difference be-
tween these high rates of carriage of HPV and the relat-
ively infrequent occurrence of clinical disease has been
explained by the "pyramid"5O or "tip of the iceberg"57
concepts in which clinically overt disease is regarded
merely as the tip. Below the tip is a much larger layer
of individuals with clinically occult disease, but viro-
logical evidence of infection with HPV. At a lower level
still of the pyramid is a large number of healthy indi-

viduals. Exchange between the 1layers of the pyramid

occurs at an unknown rate in an unknown proportion of
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individuals. Based on these data34, the corresponding

figures for England are given in Figure 3.

Using cytological criteria applied to Papanicolaou
smears, the annual incidence of cervical HPV infection in
the unselected Finnish population has been estimated to
be 8%, with an estimated 79% of the female population
having at least one genital HPV infection between the
ages 20 and 79 yearSO. In the United States, between 1
and 4% of women in routine cervical screening programmes
have cytological evidence of HPV infection, rising to 16%
of STD clinic attenders>Z2. Using DNA hybridisation tech-
niques, 2-11% of those with cytologically normal smears

and 30-%0% of women with abnormal smears in routine

screening programmes have evidence of HPV infection32.
Furthermore, there 1is some evidence of geographical
57

variation of HPV types found in subclinical lesions

The incidence of acetowhite changes in the population
is unknown. Acetowhite changes were found in 36% of
healthy male Swedish army volunteers, and HPV DNA was
found in 7% of biopsies from these areas®3. Histological
changes in biopsies of acetowhite areas are often incon-
clusive, and provide no information regarding HPV
type103. HPV DNA of the genitotropic types can only be
detected in approximately 40% 76 _ 50%°2 of peniscopical-

ly visualised lesions.
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Figure 3




The distribution on the genitalia of acetowhite changes
approximately mirrors that of AGW in the

male>2,91,94,97,103 usually at sites of trauma during

sexual intercoursesz. The urethral meatus 1s also a

143_

common site for acetowhite changes There 1is some

evidence to suggest that scrotal lesions are more common-
ly subclinical®l and that lesions on sites other than the
penis occur only in men who have penile lesions®3. The
histological abnormalities of acetowhite areas appear to

53 However, in view of

be the same regardless of the site
the lack of specificity of acetowhite changes, some
authors suggest that biopsy of acetowhite changes seen

90

on the penis is mandatory as dysplasia occurs in 5452 .

33%95 of biopsies taken from acetowhite genital areas in
men53'85'9é'97'99'103, depending on the population stud-
ied. Partners of women with CIN have the highest inci-
dence of PIN’®. It should be noted, however, that not all
areas of penile dysplasia show acetowhite changessz. It
has been noted’®:85,94,136,143 iy ¢ "high risk" HPV
types (i.e. types 16, 18 and 31) are present in a larger

proportion of subclinical male genital lesions than in

clinically apparent AGW.

5.6 HPV and the upper genital tract

5.6.1 Bladder

Condylomata acuminata of the bladder have been occasion-

ally reportedl®4-7, usually in association with external
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genital 1lesions, and almost always in the context of
general ill-health or immunosuppressive therapy. When
bladder condylomata do occur, they frequently have an
aggressive course and may be associated with malignant

transformationt?®.

5.6.2 Prostate

There have been several epidemiological studies sug-
gesting that men who develop prostatic carcinoma may
share risk factors such as early sexual debut, a history
of sexually transmitted diseases and multiple sex part-
ners, with women who are at increased risk of cervical
carcinomal48-2. Two groups have failed to find DNA from a

variety of HPV types in samples of prc:astaltelg’ob1 but

others115:152-4 haye. HPV DNA has been found in approx-
imately equal proportion of the samples, regardless of
the histological diagnosis, and does not seem to depend
on the whether the prostatic material is removed transur-
ethrally or suprapubicallylsS. In addition, at least some
of the HPV DNA may be integrated into prostatic cell
genomesl55. Unfortunately, in none of the studies in
which HPV DNA was detected in the prostate has there been
comment on past history of genital warts in the patient
or in their sexual partners, nor was urethral carriage
assessed. It is possible that catheterisation prior to
prostatectomy (regardless of the surgical technique used)

may have introduced viral particles as far proximal as

the prostatic urethra, leading to possible contamination
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of the prostate with HPV. Furthermore, it is well estab-
lished that pathological changes in the prostate are
frequently very localised in nature, so that there is
potential for large sampling errors. In addition, the
prostatic luminal epithelium, which is the proposed site
for HPV infection, is different from the cutaneous squa-

mous epithelium characteristically infected with HPV.

5.6.2 Semen

HPV DNA has been detected in the cellular fractions of
semen specimens provided by men with intrameatal warts,
and it has been suggested that HPV DNA may be sloughed

off from the urethral epithelium during ejaculationl56.

However, another ng:‘r:n.l;o-S7 failed to find evidence of DNA
from HPV types 6, 16 and 18 in a group of healthy volun-
teers, although they did detect DNA from HPV types 2 and
5 in three individuals particularly at risk of genera-
lised HPV infection. Furthermore, a third c_:;rcn.13g394 could
find no evidence of HPV types 6,11,16 or 18 in semen
samples from a group of 19 male consorts of women with

either condylomata acuminata or abnormal Papanicolaou

smears.

5.7 HPV in urine

Cytological assessment>>/158-60 of yrine seems to lack
sensitivity in the detection of HPV. Similarly, the dot
blot method failed to detect HPV DNA in mid-stream

urine specimens from men with visirle penile warts and
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from men who were the consorts of women with either
abnormal Papanicolaou smears or condylomata acuminata“?.
In addition, Southern blotting failed to detect HPV DNA

in urine specimens from 3 men with HPV in their semen

samplesl57. However, HPV DNA has been detected by the PCR
in urine specimens from men with meatal wartslao, from
162

male consorts of women with cervical cancer and
women<®3. The PCR did, however, fail to detect HPV DNA in
14 presumed healthy males working in a laboratorylel. The
detection of HPV DNA in urine specimens obtained at the
lower centrifugation speed of 1800g, suggests that the
virus was cell-associated, rather than existing in a free
statel®l. It has therefore been suggested161 that HPV in
infected exfoliated urothelial cells might be present in
the ejaculate of these men, thus acting as a possible
route of transmission to sexual partners. However, the
only data sc far available showing possible sexual trans-
mission by this route come from male partners of women in
whom type 16 HPV DNA was detected in a cervical scrape.

Type 16 HPV DNA was found'®? in the urine specimens from

2 (22%) of 9 men.

5.8 HPV and the urethra

The lining of the distal portion of the male wurethra
undergoes a gradual transition from stratified columnar
epithelium to stratified sgquamous epithelium164. Thus,
there 1s a transitional zone between the two epithelia
which has been compared to the cervical sguamo-columnar

junction15l. It has been postulatedisl that, because of
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the features of cellular turnover occurring there, the
urethra is more likely to become productively infected
with HPV at that site. The analogy with the cervix is
further developedl65 by the observation that urethral
carcinoma tends to occur in areas of columnar epithelium
which have undergone squamous metaplasia as a result of

local infections or other irritation.
5.8.1 Condylomata acuminata

Condylomata acuminata of the male genitalia involve the
urethra in 0.5 to 5% of casesl1®6-7. However, one study
from a British clinic for sexually transmitted diseases>
found that 23% of men with AGW had involvement of the
urethral meatus. The majority of urethral warts occur in
the distal 3cm of the urethra76*147, and are thus visible
on simple inspection of the meatus, preferably aided by
an instrument such as an endocervical or a paediatric

nasal Speculum52'137.

5.8.2 Urethroscopy

Urethroscopy allows the detection of urethral condylomata
acuminata, but because of the risk of autoinoculation of
viral particles from meatal to bladder ends of the ure-
thra94'147, and the low frequency of 1lesions at the
bladder end of the urethra’?, it is not generally per-
formed unless there are specific clinical indications’®.
There is one report’® of acetic acid being instilled
within the lower urethra at cystoscopy. Many of these

patients showed acetowhite changes, regardless of the HPV
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status of the patient, and the procedure was abandoned by
the authors. Acetowhite staining of the urethral meatus
is also a common observation143’l58, but its significance

is currently not understood.

5.8.3 Urethral sampling techniques

In view of the observation that the majority of urethral
HPV infections occur in the distal urethra, and that this
location 1is easily accessible, a number of techniques
have been used to obtain specimens from this area. Brush-
es’6:72.83 gych as ureteral brushes3® have the advantage
that large numbers of cells are collected, but may the
disadvantage that this may traumatise the area and result
in the production of a sterile urethritis (personal

136 reduces some

observation). The use of lignocaine jelly
of the immediate discomfort. Another approach is to use
swabg®2:100 Although urethral swab specimens contain
fewer cells, swabbing is a well established and validat-
ed method for the collection of urethral specimens for

the investigation of other urethral infections, such as

that caused by Chlamvdia trachomatis.

5.8.4 Papanicolaou staining of urethral smears

Urethral samples examined cytologically by modified
Papanicolaou staining techniques have been taken from

52:79 ang

male consorts of women with HPV infections
groups of men with a wide variety of risk factors for

the acgquisition of Hpv168 Specimens were obtained using
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a cotton-tipped swab>2: 151,168 ng prush’?. However, when

compared directly to HPV DNA analysis of urethral sam-
Jieug 79 : :

ples’”?, cytological assessment has been consistently

shown to have lower sensitivity and specificity than DNA-

based methods.
5.8.5 HPV antigen detection in urethral specimens

HPV antigen detection methods use labelled antibodies to
papillomavirus capsid proteins and have the advantage of
allowing determination of the exact anatomical Ilocation
of the HPV infection. The main disadvantage is that these
methods often only allow the detection of completed viral
particles and so will miss latent infection. The use of
antibodies specifically directed against early antigens
may, however, avoid this problem.

Using such antigen detection systems, HPV antigen has
79

been found in the urothelial cells of urethral smears

and the metaplastic epithelium adjacent to urethral

wartsl€?. Antigen has Dbeen detected Dboth in the
nucleusl®? and the cytoplasm77. In one study using this
techniquelSl, HPV antigen was present in 8 (47%) of 17 of

those with a history of genital warts within the previous
2 years, 6 (33%) of 18 of those whose sex partner gave a
history of venereal warts, and 11 (20%) of 56 of those

with no personal or partner history of genital warts.

5.8.6 HPV DNA in urethral specimens
HPV DNA has been detected in urethral condylomata94’133,

most commonly types 6 and 11. HPV DNA has also been
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detected in 18% of clinical normal urethral biopsies from
men whose partners had abnormal cervical smears or who
had external genital warts’?. In other studies, HPV DNA
has been found in urethral smears from clinically normal
urethras of a variety of groups of men’®:151, including
men with AGW76, and consorts of women with cervical
dysplasia76*136. Men with a history of AGW had the high-
est percentage of urethral smears containing HPV DNA
(41%), followed by those whose sex partner had a history
of venereal warts (33%), and those with no personal or
sex partner history of genital warts (22%}151. Omar et
§;151 favour antigen detection as a method of screening
for genital warts, on the grounds that it detects intact
viral particles, rather than Jjust DNA. However, this
approach ignores the unclear relationship between the
detection of wviral capsid and infectivity. HPV types 6
and 1179151 and 16 and 1813% are most commonly found in
urethral smears. Urethroscopy has been performed in men
with HPV detected on urethral smears and no abnormalities
found’6:136  yrethral biopsies taken from <clinically
normal areas were histologically normal in 5 of 6
cases’®. The one abnormal biopsy was described as
"changes compatible with minimal HPV expression" and the
authors concluded that urethral samples can detect la-

tent, rather than active, HPV infection’®.

5.8.7 Urethral carcinoma

Urethral carcinoma is a rare tumour, usually of squamous

epithelial origin with a poor prognosis and possibly
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associated with a history of sexually transmitted dis-
easesl®>. The aetiology of this condition is unknown. HPV
6 DNA was detected by in situ hybridisation in the nuclei
of tumour cells in one studylGS. Southern blotting using
probes to 27 other HPV types failed to find evidence of

other types.

5.9 HPV DNA in tissue with no histological evidence of

HPV infection

The results of some studies><:°2,170-2 suggest that HPV
is found only in histologically or cytologically abnormal
tissue. However, several groupsl73"6 have detected HPV
DNA in apparently normal epithelium adjacent to condylo-
matous and dysplastic lesions. Furthermore, there is some
evidence that such infections may be important in the
recurrence of disease after treatmentr’’.

The proportion of women with HPV detected in their
cervices depends on the detection method employed and
patient population. Cytological evidence of HPV infec-
tion of the cervix has been found in approximately 1% of
women attending family planning clinics, with prevalence
decreasing with age125. However, cytological examination
underestimates the incidence of HPV infection. For exam-
ple, in St Mary's Hospital, London,178, HPV DNA was found
in 10.5% of women attending the STD clinic with histolog-
ically and colposcopically normal cervices. HPV DNA has
been detected in histologically and cytologically normal
99,179-87

cervices by a large number of groups Using the

PCR, up to 70% of normal cervices have been shown to
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contain HPV DNA182, bput figures of 10-20%173,184,188 5,¢
more commonly reported. HPV 16 and 18 appear to be the
138,176

commonest types detected in the normal cervix
Whilst the possibility of contamination has been raised>?
to explain some of the higher figures, it 1is now clear
that HPV infection in cytologically normal cervices is
widespread.

Some studies indicate that when treatment by laser,
cryotherapy or 1interferon results in a clinical cure,
then there is associated clearance of HPV DNa®0/190,
However, there 1is some evidence for persistence of HPV
DNA in clinically and histologically normal areas which
had been previously clinically infectedi®1-2,

HPV has also been found in morphologically normal

138 193

vulval papillae , oral tissue and normal colonic

. 3 (o = i i 2
tissuel®4. However, 1in a&a recent studyl‘* in which a
variety of methods was used, including the PCR, very
little evidence of HPV infection was found in a wide

variety of premalignant lesions of the non-genital skin.

5.10 HPV DN2 in the normal adult penis

It is difficult to gain access to a group of men who are
truly representative of the general population, particu-
larly as some sampling procedures for the detection of
HPV are unpleasant.
HPV 1s not present in biopsies from coronal
: 55 1732 : + g rorie
papillae , despite the fact that they may be clini-

cally confused with condylomata acuminata+2®. Similarly,
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HPV has not been detected in biopsies of the penis with
no histological evidence of HPV infection or
carcinoma82’87’197. However, HPV DNA from types 6,11,16
and 18 has been found in histologically normal penile
biopsies from men with either condylomata acuminata
elsewhere or who are sexual consorts of women with cervi-
cal cytological abnormalities®’:24,92

Sampling procedures which are less invasive than biopsy
have also been used. In one study, of 530 men attending
a blood donor centre and a dermatology department in
Germanyl®®, HPV DNA was found in 5.8% of cotton wool
smears taken from the coronal sulcus and glans penis.
None of the men had cliniczally apparent warts. Samples
were analysed by filter in situ hybridisation. The
authors postulate that the higher frequency of cervical
swabs containing HPV DNA compared to penile swabs may be
due to the greater number of cells that can usually be
obtained from the cervix. A similar result was found by
Schneiderlgg, and Eriksson 23_5183 detected HPV DNA in 8%
of wurethral swabs from healthy Swedish army recruits.
Using a similar method, Campion et 218> investigated 25
sexual consorts of women with chlamydial cervicitis.
There was no history of condylomata acuminata within the
relationship and one man had a positive penile scrape for
HPV. Three of 25 men had colposcopic and histological
evidence of HPV infection.

Recentlyloo, 228 men attending a Stockholm STD clinic

consecutively were analysed for the presence of HPV DNA.

Samples were taken from the coronal sulcus and inner
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foreskin by a cytology brush (CytobrushTM) and from the
urethral meatus using a cotton-tipped swab. The specimens
were then subjected to PCR using primers for HPV types 6
and 16, followed by analysis using agarose gel and dot
blot hybridisation. Dot blot hybridisation results gave
significantly higher positivity rates. The authors found
that there was no difference between samples collected
from the coronal sulcus and the urinary meatus. Eighty-
one percent of men with condylomata acuminata had posi-
tive HPV 6 signals on dot blot analysis. Slightly lower
percentages were recorded for men with a history of
condylomata acuminata (62%), consorts of women with
condylomata acuminata (67%) and men with no previous
known exposure to AGW. The authors expressed concern that
the dot blot method might have led to an over-estimate
because crude cell extracts used in the PCR assay and
denatured proteins could possibly have trapped the oligo-
nucleotide probes used in the hybridisation step. They
therefore conclude that the true carriage rate for their
population lies between 43-76% for HPV type 6, and be-

tween 13-46% for type 16.

5.11 The natural historv of anogenital HPV infection

Very few longitudinal studies have been conducted on the
natural history of AGW. Only limited follow-up data are
currently available on the progression rates of latent

50,57

infection and it not known whether permanent regres-

sion of latent HPV infections is possible.
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The most detailed information comes from the cervical

cytological studies from Finland by Syrjanen et a1200-1

During their five-year follow-up of untreated women, 40%
spontaneously regressed cytologically, 45% persisted and
15% progressed to carcinoma in situ. Using 1life-table
analysis, they found that neither grade of Papanicolaou
smear nor HPV type were of predictive value for spontane-
ous regression, and the colposcopic pattern was only a
poor predictor of regression or progression. The most
notable observation of this study is that genital HPV
infections run an extremely fluctuating course, varying
from clinically apparent 1lesions to subclinical and
latent infection. The majority of cases of subclinical
cervical HPV lesions cleared spontaneously within 5 to 6
year850'202 and it has been postulated57 that a focal

inflammatory response might be associated with a more

rapid resolution.

5.12 2nogenital HPV infection and sexual behaviour

Barrett et giz were the first to establish scientifically
that condylomata acuminata were sexually transmissible.
Later, Oriel® traced 97 sexual contacts of 332 patients
with AGW. Sixty two (64%) of these people subseguently
developed AGW with incubation periods between 3 weeks and
8 months (although his follow-up period was only 9
months), with an average of 2.8 months. The data suggest-
ed that infectivity was inversely related to the duration
of the AGW, an observation which has been correlated with

the decreased number of viral particles present in older
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lesions®?. Sexual activity has been established to be

important in the development of anal warts in homosexual

men203 but not heterosexual women209%.

Subclinical and latent anogenital HPV infection has
been found to correlate with sexual activity in the
majority of studies>4:127,203-3, although not in a11210-
5. Indeed, investigators in a study from Denmark and
Greenland?l3 and Latin America?l? found paradoxically
that the earlier the age at first sexual intercourse and
the greater the number of sexual partners, the lower the
risk of HPV infection. HPV infection of the cervix has

189 BRLE.

been found to be age dependent or independen

Similarly, HPV infection of the penis has been found to

198 2055207 -8

be age dependent Technical reasons may

explain some of the discrepant results between the var-
ious studies.

The age distribution of individuals with AGW is similar

3

to those with gonorrhoea~” and, depending on the methods

used for diagnosis, the prevalence of HPV infections in
STD clinic attenders varies from 12 to 41%21%. patients
with AGW frequently have other sexually transmissible

infections?/3,15,118,220-225 Furthermore, infection of

the genital tract with other pathogens, in addition to

HPV, may make the eradication of warts more difficult229,

In particular, infection with the human immunodeficiency

virus (HIV) may alter the clinical course of HPV infec-

226-1 228 3

tions of the cervix other genital areas and

229-30

anus Kaposi's sarcoma shows some of the epidemio-

logical characteristics of a sexually transmissible
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infection and occurs in the genitals even of those who
are HIV negativezog. HPV DNAZ232 and papillomavirus anti-
gen5233 have been found in tissue from Kaposi lesions in
both HIV infected and non-infected patients, 1leading to
speculation that HPV may be involved in the aetiology of
such lesions.

Evidence of anogenital infection with HPV has been

found in the male sexual partners of women with AGW95'97,

52  and biopsy-proven

cervical cytological abnormalities
cervical dysplasia85'95f234. Several studies fail to dif
ferentiate between women with cytological dysplasia and
AGw’2,87,235 Technigques for assessing the men usually
include colposcopy85'87'95*234, histology of colposcopi-

cally abnormal areas®>:87,95,234 55 well as DNA hybridi-

85,87, 95 85

sation of biopsy specimens and genital scrapes
Using these methods, 50%-66% of men whose consorts have
abnormal cervical smears or AGW have evidence of anogeni-
tal HPV infection®2-3:88,95,103,153 gypclinical lesions
in the male seem to be more common in those who have
recently changed their sexual partner52. There 1is a
suggestion that the consorts of women with dysplastic
lesions of the cervix tend to have dysplastic penile
lesions®2:%%. The relative infectivity of condylomata,
acetowhite areas and latent infection is mnot known.
Studies are confounded by the multifocal and constantly

changing clinical status of anogenital HPV infection50,

and the lack of adequate controls®>. Furthermore, in only
a few studies?3® have the female consorts of men with

anogenital HPV infection been investigated.
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Some evidence suggests that women treated for condylo-
mata acuminata develop recurrences unless the male
partner is also treated?37, Likewise, reinfection £from
the urethras of untreated sexual partners has been pro-
posed as a mechanism to explain why acetowhite areas may

t103'238. However, con-

be very resistant to treatmen
trolled trials have found that the simultaneous treatment
or otherwise of male sexual partners produced no differ-
ence in the response to treatment of women with condylo-

239 234

Nevertheless,

mata acuminata or cervical dysplasia

a higher rate of regression of cervical dysplasia has
been observed when male partners use condoms<40.

It is generally assumedt88:241 that infection with HPV
develops following direct contact between fully formed
virions entering through small abrasions in the skin and
the lowest basal cells of the epithelium. Messenger RNA
from the early ORFs are found in the basal cells, whereas
late transcripts (which signify completed virion produc-
tion) appear only in the more differentiated epithelial
layer5242. Thus, in the absence of anv method to directly
measure infectivity, it 1is thought that only the top
layers of the epithelium contain infectious viral parti-
cles?43-4. guch particles are released along with the
desquamated cells which are shed from the skin or mucous
membranes188.

HPV 6 and, to a lesser extent HPV 11, are the types
most readily transmitted by sexual intercourse®?. Trans-

missibility appears to be related to the number of virus

particles present, together with the duration and fre-
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quency of exposureSg. It has been suggested245 that viral
shedding may be greater in infections with HPV types 6
or 11, as the resulting lesions have relatively large
numbers of virion-containing degenerative koilocytes. In
contrast, lesions resulting from infection with HPV types
16 or 18 (mostly intra-epithelial neoplasia) are rela-
tively poor in superficial koilocytes. Comparing the
guantitative carriage rate of different individuals, it
has been observed®? that when both partners are infected,
one always has a much higher carriage rate than the
other. In addition, if only one partner was infected, the

copy number was much lower.

5.13 Possible wvertical transmission of genitotropic HPV

types

Applying the PCR to samples obtained from tampons, Fairey
et _;246 were unable toc detect HPV DNA in virgins, al-
though they were successful with this technique in £find-

ing HPV DNA in tampon samples from sexually active

Sun-Kuie et al?35

— r

women<47. however, found colposcopic
and histopathological evidence of genital HPV infection
in 51% of the virginal women in their sample. Only one of
the women in the latter study had typical condylomata
acuminata and HPV DNA typing was not performed. It 1is
therefore currently unclear whether virginal women have
genital infection with HPV, and if so, to what extent
vertical transmission plays a role.
HPV DNA has been detected in the amniotic fluid of

clinically normal neonates born at Caesarian section<?48

61



and cord blood of neonate5249, suggesting that transpla-

cental infection prior to delivery may occur?4?. Further-
more, HPV DNA has been detected in the foreskins of up to
40% of newborns delivered to mothers carrying the similar
viral types in their birth canal?®%-2. DNA of the genito-
tropic HPV types has also been found in the conjunctivae
of neonates born to mothers with AGW2>3 and in oral
scrapings from preschool childrenl<?.

AGW have been recorded in children at birth?°% includ-
ing those born by Caesarian section?8. Before 1980, only

1¢ cases of AGW, including intrameatal wartsz55, were

reported in childrengg, predominantly in girlsz56.

Over
the past decade, however, there has been a marked in-
crease in the number of reported cases. It is not known
whether this increase is due to greater awareness of AGW
in children or a true increase 1in incidence, perhaps
reflecting the increased incidence of AGW in the adult
population. AGW in children usually contain HPV types 6
and 11, al’though the "high risk" types 16 and 18 have
also been reportedsg. The occasional finding of "non-
genital" HPV types 1 and 298,257  haes led to the sugges-
tion?°8 that transmission of HPV may occur from non-
genital sites of the parents or child during toileting,
bathing and other child care activities. Sexual abuse was
initially regarded as the main cause of anogenital warts
in children®°6:2359-60  pyt this may not always be estab-
lished?>8,

Approximately 150-300 cases of Jjuvenile laryngeal

papillomatosis (JLP) are reported per year in the
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usa26l, with a peak age at the time of diagnosis occur-
ring between birth and 5 years of age262. Subclinical
lesions probably go unreportedzss. Half to two-thirds of
children with JLP have mothers with visible condylomata
264-6

acuminata and 1t has been estimated that the risk

of acquiring JLP from a clinically infected mother ranges
from E dm 80 tel A in 15,000 pregnancie5261'267. The
lesions of JLP usually contain HPV types 6 and 1125° " EEV
DNA has been found in the nasogastric aspirates of ap-

263 and it has been

proximately 30% of neonates
suggested269 that infants may aspirate infected material
during vaginal delivery. Caesarian section is usually
protective261 against JLP although JLP has been reported
occasionally in children born by Caesarian section?79,
However, Caesarian section is probably not warranted in
all cases of maternal AGW as the risk of JLP for the
child is so smalll?7.

Further evidence of widespread infection of children
with genitotropic HPV types comes from serological stud-
ies wusing expressed fusion proteins to detected the
presence of specific antibodies to genitotropic HPV
typesssf129'27l'2. Antibody frequencies seem to be simi-
lar to those found in STD clinic attendersl?®. In addi-

129 there was evidence of passive

tion, in one study
transfer of antibodies against HPV from mother to neonate

which disappeared within 6 months of birth.
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5.14 Genitotropic HPV types at non-urogenital sites

5.14.1 Laryngeal papillomatosis

It is currently unclear whether JLP and adult laryngeal
papillomata represent two separate entities, or are
merely different manifestations of the same disease
process. However, children with JLP may subsequently
develop problems with laryngeal papillomata as adults273-
4 and nearly one half of the cases of HPV-related laryn-
geal papillomata first present in adult 1ife?®%2  HPV has

been found in adult onset papillomata of the larynx275“7

55,278-80

and in verrucous carcinoma of the larynx Fur-

thermore, the vocal cord epithelium has a relatively
high susceptibility to experimental HPV infection?81.
There is strong evidence that patients with JLP retain
latent HPV DNA in laryngeal epithelial cells for years.
HPV DNA sequences are present in laryngeal biopsies of

192, and a case has been reported282

patients in remission
of recurrence of laryngeal papillomata in a 37-year old
man who previously manifested signs of JLP between 2 and
5 years of age. It has been postulated283 that recurrent
laryngeal papillomatosis in adults may result from oro-
genital contact, although this was not confirmed in one
recent study284.

JLP rarely involves the trachea and bronchi, suggesting
that vertical transmission is an unlikely cause for the
presence of HPV in the lung. In support of this, Carey

et al?®®>, investigating endobronchial sgquamous tumours,

which have a strong morphological resemblance to virus-
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associated tumours, found no evidence of HPV infection.
However, HPV DNA has been found in squamous carcinoma of

the lung274'286.

5.14.2 Mouth

HPV DNA, mainly from types 6 and 16, has been found in
oral scrapings of those without clinical oral abnormali-

tie5129f193, oral leukoplakialgB, oral lichen planuslgB,

265,287

oral papillomata and sguamous carcinoma of the

279 55,279,287-8  purthermore, HPV

buccal mucosa and tongue
6b and 16 have been found in oral scrapes from preschool
childrent??. Orogenital transmission of HPV is presumed
to occur289, but the role of fomites, oral/hand contact

and vertical transmission remailn unclear.
5.14.3 Oesophagus

It has been proposedzgo that clinically undetected oeso-
phageal condylomata may occur when oral lesions are
present, and that these two phenomena are related. HPV
antigens have been found in oesophageal papillomata,
focal hyperplasia and carcinoma?®l-2. HPV DNA from types
112934 and 1622° has been found in oesophageal carcino-
ma. Proposed methods of transmission include passage
through an infected birth canal?”4, interpersonal spread

296

in areas of poor hygiene and orogenital

intercourse296'7.
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5.14.4 Nasal cavities

HPV 16 has been found in the sguamous carcinoma of the
nasal cavities and paranasal sinuses, but not inflammato-
ry lesions of these areas??®. In this latter study, HPV
status did not alter the clinical course of the lesions
and the role of HPV in the pathogenesis in the sinus

abnormalities is currently unclear.

5.14.5 Eye

HPV 16 DNA has been found in clinically normal eye554,

conjunctival papillomata253'299, dysplastic and malignant

54,300

lesions of the ocular conjunctiva and cornea and

dysplastic lesions of the eyelidBOl. It is not clear how

HPV reaches the eye, but sexually transmitted organisms,

such as C. trachomatis, can be transmitted to the eye

£302

through hand-eye contac and a loose association has

been dJdemonstrated between cervical carriage of HPV and

the presence of HPV in the conjunctiv554.

5.14.6 Blood

HPV DNA has been 1isolated from the peripheral blood

mononucleocytes of women without clinically apparent HPV-

303 249

related disease , cord blood of neonates and pa-

tients with clinical disease3°3. HPV has also been found

303, These observations suggests that

in serum samples
blood may have a role in recurrence following treatment

and the development of multifocal HPV infections.
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5.14.7 Fomites

The epidemiology of HPV is further complicated by the
detection of HPV DNA on inanimate objects. HPV does not
have a lipid membrane and so is relatively resistant to
physical destruction. HPV DNA has been found in under-
weartl3 of patients with clinically apparent lesions,
although the frequency of finding it did not seem to
correlate with the frequency of changing the underwear.
HPV DNA has also been found on surgical instruments used
for treating patients with clinical HPV-related
diseaseBOB, although it does appear to be removed by

305, Vapour produced
306

conventional cleaning ©procedures
during treatment of warts by laser and

electrocautery307 also contains HPV DNA.

5.15 Anogenital neoplasia and HPV

There is considerable epidemiological evidence supporting
the concept of a sexually transmissible factor in the
genesis of cervical dysplasiasof212*214'208*12. Further-
more, it has been proposed that specific HPV types
(primarily HPV 16 or HPV 18) may play a major role in the
aetiology of many, if not most, anal and genital tract
cancers34:46,173,214,313-4  7pe transcription of HPV DNA
in tumours>1® and the presence of HPV DNA and RNA in

315-6 argue against a

cells derived from cervical cancers
passenger status of papillomavirus in tumours. Experimen-

tal studies?®/317 have provided insight into how papillo-
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maviruses alone, or in combination with other factors,
may induce cellular proliferation, immortalisation, and
transformation.

Although circumstantial evidence of a link between HPV
and cervical carcinoma is strong, there are some incon-
sistencies in the evidence. Infection with HPV appears to
be necessary for the development of certain malignant

t46, as HPV is also found in a
185,216

tumours, but not sufficien
substantial proportion of disease-free women
Additional factors seem to be involved, for example:

coinfection with other agents such as herpes simplex

300 HIV323_5,

and

virus318‘21,

Epstein Barr virus

i -Q . .
smok1ng326 e naturally occurring and contraceptive

2310 xoel. dietary factors such as vitamin

steroid hormones
A, beta carotene and vitamin and local inflammato-
ry responses such as mechanical trauma and radiation
exposureBO. A synergistic interaction has been
proposed206'333 in which infection with papillomaviruses
leads to proliferation, with subsequent transformation in
the malignant 1lesion depending on other carcinogenic
insults.

Apart from the cervix, HPV DNA has been found in a

variety of neoplasias such as those of the vulva334-7,

338-~9 197;340-1 230,342

vagina , penis and anus

Bowenoid papulosis 1is a cutaneous condition, usually
occurring in the anogenital area, which has the appear-
ance of erythematous macules, reddish or pigmented pa-

AT

pules, or leukoplakia-like 1lesions It appears to be

clinically benign, but has the histological characteris-
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tics of squamous cell carcinoma in situ. When occurring
on the penis it therefore has the histopathological
appearance of penile intraepithelial neoplasia (PIN)
grade 353,159 The clinical counterparts of PIN 1 and PIN
2 are currently not characterised. Bowenoid papulosis has
been found in association with HPV types 6, 11, 16, 18,
33, 34, 39, 40, 42 and 552%3, although most commonly with
type 16, which is found in up to 100% of cases’7:344
Giant condyloma of Buschke-Lbéwenstein (also known as
verrucous carcinoma) is a fungating, destructive, but
non-invasive tumour which most commonly occurs on the
prepuce of the penis. There have been occasional reports

345 and oral

of it occurring on the wvulva, anorectal area
cavity346. The aetioclogy of Buschke-Ldwenstein tumours is
unclear, but there have been several reports of the
tumours arising in condylomata acuminata>%7-8 and the
majority are associated with HPV types 6 and 1147,

HPV DNA has also been found in neoplastic lesions of
the mouth, larynx, oesophagus and bronchi>0. Indeed,
current evidence suggests that HPVs may play an important
part in the aetioclogy of the majority of benign and
malignant tumours of the oral mucosa, as well as in head

and neck tumoursBB.

5.16 The "high risk" male

There are a number of studies suggesting that male sexual
partners influence the likelihood that a women will
develop cervical dysplasia349, and this concept has 1led

to the term the "high-risk male"3°0. Male consorts of
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such women have earlier sexual débuts, more sexual part-
ner5126’351, are more likely to travel away from home352,
have a higher incidence of smoking and are more likely to
have penile cancer3°3-%. Furthermore, there is a four-
fold increase in the risk of CIN in women whose husbands
who have previously been married to a woman with cIn308
and neighbourhood clusters of CIN have been reported in
association with cohabitation relationships between

356

affected women and specific men There is thus a

considerable amount of evidence of the influence of the
male on the development of cervical dysplasia in sexual
partners. The exact mechanism has yet to be finally
d139,

establishe but the high frequency of clinically

inapparent infection with HPV 16 has been proposed as an

important factor236,357
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1. Introduction

The detection rate of HPV DNA may depend on the popula-
tion studied3%. All studies in this thesis were conducted
in departments of genitourinary medicine. Thus, in order
to obtain a broad a view as possible of the epidemiclogy
of HPV infections, several different groups of patients
were studied. Furthermore, increasing evidence suggests
that such infections may be multifocal, and so specimens
from several sites from the same patient were taken.

It is difficult to determine the prevalence rate of HPFV
infection in the general population. In the genital
dermatosis study, men with «c¢linical indications for
biopsy were chosen not in the belief that they represent-
ed the general male community, but that they would do so
more closely than patients with "conventional" sexually
transmitted diseases.

In the resistant anogenital warts study, a group of men
with clinically apparent AGW was selected on the assump-
tion that they would be 1likely to carry HPV in large
guantities in their anogenital regions. Samples of wart
tissue were taken for analysis and the results compared
with those obtained from examining urethral and urine
specimens. In this manner it was hoped to assess the
distribution of HPV in the male urogenital tract.

Men with urethral gonorrhoea form a well characterised
group358 whose lifestyles have put them at risk of ac-

quiring sexually transmissible diseases. A group of men
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with urethral gonorrhoea was therefore chosen for assess-
ment in order to investigate the role of sexual activity
in the epidemiology of HPV infections. The details of
this study are given in the urethral gonorrhoea study.

In the multifocal study, a variety of samples were
taken over several months from several sites of patients
with and without AGW. In this manner it was hoped to
characterise more fully the multifocal nature of HPV
infection and its change with time.

Currently, the polymerase chain reaction (PCR) is the
most sensitive technique for the detection of HPV DNA33.
Southern blotting111 allows the confirmation of DNA se
quences produced by the PCR and enables the type of HPV
to be determined. In view of their combination of sensi-
tivity and specificity, the PCR and Southern blotting
techniques were chosen for the analysis of all specimens
in this study.

In view of the extreme sensitivity of the PCR, careful
measures were taken to avoid contamination of the speci-
mens with extraneous DNA. Samples were taken under ster-
ile conditions, using "no touch" techniques and wearing
sterile disposable gloves. Disposable egquipment was used
at all stages apart from the biopsy sets and diathermy
loops, which were hand-washed, placed in an ultrasonic
cleaner (Olympus Keymed KS-2, Keymed U.K.) for 15 minutes
followed by autoclaving at 134°C for 20 minutes (Little
Sister 2, Eschmann Bros & Walsh Ltd, Lancing, W Sussex,

England) before reuse.
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2. Recruitment of Patients

Patients wexe recruited from the Jefferiss Wing, St
Mary's Hospital, London and the Patrick Clements Clinic,
Central Middlesex Hospital, London. All patients were
offered full screening for the common urogenital patho-

gens.
2.1 Genital dermatosis study

A specific internal referral clinic, the penile dermato-
sis clinic was set up within the genitourinary medicine
(GUM) department at St Mary's Hospital. The criteria for
referral were men with persistent penile dermatoses which
did not respond to treatment, or of which the diagnosis
was in doubt and the clinician felt that biopsy would be

352 oOne hundred

helpful in establishing the diagnosis
consecutive patients attending this c¢linic agreed to

provide samples for this study.
2.2 Resistant anogenital warts study

Patients were vreferred to this clinic if they had any
anogenital warts which had not responded to the first-
line treatments of podophyllotoxin (used for penile warts
only) and podophyllin with cryotherapy. Men with any

intra-anal or meatal warts were also referred.
2.3 Urethral gonorrhoea study

Men presenting consecutively to the routine GUM clinics
with an acute episode of urethral discharge or dysuria

were asked to participate in the study. The men were only
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included in the study if they consented and Neisseria
gonorrhoeae was subsequently grown from a urethral speci-

men.

2.4 Multifocal study

Patients for this study were recruited from the main GUM
clinic at St Mary's Hospital and invited to take part if
either they or their sexual partner had a clinical diag-

nosis of AGW.

3. History and examination of patients

A full history was taken, and information recorded on
specially designed sheets, which varied with each study
(Appendices I-IV). Fewer demographic details wexe col-
lected from the men in the resistant anogenital warts
study compared to the patients participating in the other
three studies.

All patients underwent a full genital examination, with
proctouscopy if the man admitted to recent receptive anal
intercourse, or had symptoms suggesting possible anal
disease. All men with perianal warts underwent proctosco-
py, regardless of their history. Patients taking part in
the dermatosis study underwent a thorough examination of
the whole skin surface and mucous membranes, followed by
microscopic examination of the anogenital area with a
Zeiss colposcope. Patients in the multifocal study had
their anogenital areas examined using a Zeiss colposcope

following the application of 3-5% acetic acid.
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4. Routine investigation and management of patients

Urethral specimens were taken using a 10ul plastic loop
(Nunc, Gibco, Paisley, Scotland), which was first smeared
on to a glass slide for Gram staining, and then directly
plated on to a medium selective for the growth of N.

gonorrhoeae (Appendix V). The plates were then placed in

an incubator at 37°C with an atmosphere containing 6%

Cco Samples were subsequently collected and transported

-
to the laboratory before further incubation for 48 hours
under the same conditions. Colonies were identified
initially by the oxidase reaction (N,N,N',KN'-tetramethyl-
p-phenylenediamine, obtained from Sigma, St Louis, Mo,
USA). Oxidase positive cultures were Gram stained, and

all those staining negative exposed to a immunofloures-

cent monoclonal antibody to N. gonorrhoeae (Syva Micro-

trak, Palo Alto, California, USA). Further verification
was performed, if necessary, using standard carbohydrate
utilisation tests.

In the clinic, a presumptive diagnosis of urethral
gonorrhoea was made if intracellular Gram negative diplo-
cocci were seen on the smear. If this was the case, the
patient was offered treatment with a single 500mg oral
dose of ciprofloxacin, and referred to the Health Advisor
for counselling.

The finding of equal to or more than 5 polymorphonuclear
cells per high-power field on the Gram stain of the
urethral smear, in the absence of intracellular Gram

negative diplococci, led to a diagnosis of non-gonococcal
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urethritis. A two glass urine test was undertaken in all
cases, and the urine assessed for the presence of casts
of mucopus from the urethra and urethral glands (known as
"threads"). Non-gonococcal urethritis was treated with a
single dose of doxycycline 200mg, followed by doxycycline
100mg daily for 6 days, unless there were any contra-
indications. The commonest alternative regimes used in
these cases were either erythromycin 250mg four times
daily or co-trimoxazole 960mg four times daily, both for
2 weeks.

Occasionally, the microscopist was unable to definitely
make a presumptive diagnosis of gonorrhoea. However, if
Gram-negative diplococci were seen in large numbers, and
there was a strong clinical suspicion of urethral gonor-
rhoea, then a diagnosis of "suspicious pairs" was made
and appropriate treatment offered to the patient. Refer-
ral to a Health Advisor was not, however, made until a
positive culture result was obtained.

For the women, an additional 10wl plastic loop specimen
was taken from the cervical os and a cotton wool swab
specimen taken from the anus. These specimens were then
processed as for urethral 1loop specimens. Using the
original 10ul plastic loop, further samples were taken
from the posterior fornix of the vagina. These latter

specimens were examined using wet film and Gram staining

technigues to enable the detection of Trichomonas vagina-

lis, Candida albicans and bacterial vaginosis.

If the patients underwent proctoscopy, plain cotton

swabs were inserted through the proctoscope and any
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obvious pus collected. If no beads of pus were visible,
then the rectal wall was generously swabbed. Swabs thus

ocbtained were then smeared on to medium for the culture

of N. gonorrhoeae.

If the patient admitted to receptive oro-genital inter-
course, pharyngeal swabs were taken with a cotton-tipped
swab and cultured for N. gonorrhoeae.

If there was evidence of balanitis, sub-preputial swabs
were taken using a charcoal impregnated cotton wool swab
and placed directly in bacteriological transport medium
(Transwab, Medical Wire & Equipment Co Ltd, Potley,
Corsham, Wilts, England), prior to transport to the
laboratory. Once in the laboratory, the swabs were
smeared on to separate plates of McConkey agar and blood
agar, to be incubated at 37°C, the latter requiring the
addition of 7% CO, to the atmosphere. A further plate was
set up with Sabouraud's medium and incubated at 30°C.
Colonies growing by 48 hours were identified using stand-
ard laboratory methods.

All patients were offered serologiczl screening for

syphilis. Treponema pallidum haemagglutination assay

(TPHA) and the Venereal Disease Research Laboratory
(VDRL) tests were used routinely, with the fluorescent
treponemal antibody-absorbed test (FTA-ABS) included if
indicated.

Counselling concerning testing for the human immunode-
ficiency wvirus (HIV) was offered to all patients and, if
a request was made for it to be performed, written per-

mission was obtained prior to the taking of blood.
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5. Sampling technigques

5.1 Biopsy specimens

For the dermatosis study, men were asked to avoid apply-
ing any creams to their genital area for at least two
weeks prior to their appeintment, as it was felt that
this might interfere with histopathological assessment.
Biopsy was undertaken only after written permission had
been obtained from the patient.

Under aseptic conditions, 1-2ml of 2% lignocaine with 1
in 200,000 adrenaline was injected using a disposable 26
gauge needle (B-D Microlance, Becton, Dickinson & Co, Dun
Laoghaire, Co. Dublin, Eire) under a representative area
of the lesion®?. If the lesion was widespread, then
foreskin or shaft skin was taken preferentially, as these
areas were found to heal more quickly. A skin snip tech-

3359

nigue was use (Figure 4), based on that used by

others80,85,158

Samples were divided, one half being
placed in formal saline for subsequent histopathological
assessment, and the other in phosphate buffered saline
(PBS) for DNA analysis. Silver nitrate was used to secure
haemostasis of the biopsy site’?. as only small samples
were taken, suturing was not necessary, and the wound
healed by primary intention. Urethral swabs were taken
by the accompanying nurse, and urine samples provided by
the patients. Patients were instructed to perform regular

wound toilet after the biopsy, and to avoid full sexual
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intercourse for the following 2 weeks. Patients were told
which symptoms would suggest wound infection, and ar-
rangements made for any urgent medical attention re-
guired. On the small number of occasions when this was
necessary, a short course of co-trimoxazole produced
rapid resolution. All patients were reviewed at two weeks
to assess wound healing, discuss the results of the
biopsy, and arrange any necessary specific treatment.
Prior to attending the clinic, all patients in the

resistant AGW study were advised to apply Betadine
antiseptic ointment (povidone-iodine 10% w/w, Napp Labo-
ratories, Cambridge, England) to the clinically affected
areas, as the clinician responsible for the care of the
patients felt that this enhanced the clearance rate of
the lesions. Local anaesthesia was first achieved by
applying Emla cream (2.5% lignocaine with 2.5% prilo-
caine, Astra Pharmaceuticals, Kings Langley, England) to
the area and waiting for 20 minutes. One percent ligno-
caine (without adrenaline) was then infiltrated beneath
the warts with a 26 gauge disposable needle (B-D Micro-
lance, Becton, Dickinson & Co, Dun Laoghaire, Co. Dublin,
Eire). The warts were then removed by diathermy using a
Surgitron STW-60 (Meditronix Ltd, Spain) machine with
removable 5mm diameter loops (Figure 5). Specimens were
placed immediately in PBS for subsequent DNA analysis,
and further specimens placed in formal saline for histo-

logical assessment.
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Figure 4

Skin snip biopsy technigue
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Figure 5

Removal of perianal warts by the electrodessicator
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5.2 Urethral specimens

In initial experiments in which urethral specimens were
collected by the use of a brush79'85 it was found that,
although this method provided adequate samples, it caused
too much distress for the patient, and occasionally was
associated with the subsequent development of a sterile
urethritis. Furthermore, since the PCR was being used,
only small samples of the urethral epithelium were neces-
sary. The 10ul loop (Figure 6) normally used to investi-
gate for the presence of urethritis in men was the first
sampling method tried. However, as will be seen 1in the
Results section, it was felt initially that this method
failed to provide adeqguate samples, and a cotton wool
swab (Figure 6) was used subsequently. The particular
type of cotton wool swab chosen was "STD-Pen for Males"
(Abbott Laboratories, Chicago, Illinois, USA), as these

swabs had been used within the clinic for a considerable

period of time for the detection of C. trachomatis, and
had proved to be acceptable to patients. Although it is
generally recommended that the swab be inserted 4cm into
urethra, patients rarely tolerated insertion beyond 2cm.
Samples were taken with gloved hands, carefully avoiding
touching the glans penis, and immediately afterwards
inserting the swab into a disposable, sterile container
for subsequent processing. When biopsy speciﬁens were
taken at the same time, either a different member of
staff or a fresh pair of gloves was used to take the

urethral specimen.
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5.3 Urine specimens

Urine specimens are normally provided as part of the "two
glass urine test" and their provision is well accepted by
patients. For the studies documented in this thesis, the
first 10ml of voided urine were collected directly into a

sterile, disposable universal container.
5.4 "Superglue" (SG) specimens

In the multifocal study, superficial layers of skin were
sampled Dby using "Superglue" (SG) cyanoacrylate glue
(BiSOnTM, Perfecta Chemie B.V., Goes, Holland) (Figure
7). One drop of SG was placed on a clean slide which was
immediately applied to the skin. After one minute, the
slide was gently removed (Figures 8 and 9), and placed
in an individual slide box. This procedure was well
tolerated by patients. If possible, SG samples were taken
from areas of skin containing warts, or areas of skin

with acetowhite changes.
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Figure 7

Superglue dispenser
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Figure 8

Removal of Superglue slide
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Figure 9 g

Superglue sample
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5.5 Other specimen types

Further specimens types were taken from patients in the
multifocal study in the conventional manner as follows:
Ayre's spatulas for cervical scrapes and cytological
brushes ("Cytobrush", Rocket, London, UK) for endocervi-
cal specimens. Anal samples were obtained by inserting a
Cytobrush lcm into the anal canal and rotating it through
360°. Tongue depressors were drawn along the buccal
surface of both sides of the mouth to obtain buccal
scrapes. The tips of the sampling instruments used in the
aforementioned procedures were broken off into individual
disposable bottles containing 10ml of phosphate buffered
saline (PBS). A vaginal sample was obtained by washing
the wvaginal walls and cervix with 10ml of one normal
saline using a sterile syringe, aspirating the fluid and
repeating the procedure. Blood was obtained using the

"Vacutainer" (Becton Dickinson, Cowley, UK) system.

6. Laboratoryv processing of specimens

The laboratory processing of the specimens was performed
in a Class 1 microbiological safety cabinet (Medical Air
Technology Ltd., Manchester, UK) and the area where the
PCR equipment was assembled was kept physically separate
from that where amplification was performed and the PCR
products were identified. Equipment was not moved between
these areas. Positive displacement pipettes with disposa-

ble tips or single-use Pasteur pipettes were used for
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distributing reagents for the PCR and for adding the DNA
samples to the reaction mixtures. All reagents were
autoclaved prior to use and mixed prior to distribution
to the tubes, to minimise opening and manipulation. HPV-
positive and HPV-negative controls were included in each
experiment and not brought into the area where equipment
was assembled. Laboratory staff were unaware of the

clinical status of the patients.

7. Processing of histological specimens

Specimens sent to the histopathology department were
processed routinely and stained with haematoxylin and
eosin. Staining with the periodic acid Schiff method was
additionally used for specimens in which a histopatholog-
ical diagnosis of nonspecific dermatosis (NSD) was made.
All specimens were reviewed by one histopathologist (Dr
Marjorie Walker, Senior Lecturer in Histopathology, St
Mary's Hospital Medical School, London). The histopatho-
logical criteria used for the diagnosis of wviral warts?>
were the presence of koilocytes and at least one of the
following: individual cell keratinization, giant cell
formation or hyperkeratosis. Acanthosis was not regarded
as being helpful in the diagnosis of wart virus infec-
tion. Standard histological criteria for the diagnosis of

other dermatological conditions were used360.
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8. DN2 extraction

In order to break up the tissue, each biopsy specimen was
placed in a sterile Eppendorf tube with 160l of 2 x
Summers' buffer, 164yl of lysis mixture (Appendix V) and
three sterile glass beads and vortexed for 1min.

SG slides were abraded with a sterile disposable scal-
pel blade and the resulting material immersed in 160ul of
2 x Summers' buffer and 164ul of 1lysis mixture. The
sodium dodecyl sulphate (SDS) in the lysis mixture dis-
solved the cyanoacrylate in the specimen, releasing the
sample material from the specimen.

DNA was extracted from the biocpsy and SG specimens by
protease/SDS 1lysis, followed by phenol extraction and
ethanol precipitation using a modification of standard
proceduresBGl. To achieve this, the specimens as prepared
above were incubated overnight at 37°C to enable the
protease to inactivate proteins and the SDS to bring
about cell 1lysis. After incubation, phenol/chloroform
extraction was carried out toc remove inactivated proteins
and cellular debris, using 320ul of Tris EDTA equilibrat-
ed phenol (Appendix V). After centrifuging the samples at
14,000 rpm for 1 minute (Microcentaur, MSE, Fisons,
Loughborough, UK), the upper, aqueous phase was trans-
ferred to sterile Eppendorf tubes and the phencl extrac-
tion step repeated. Next, 320ul of 1:24 iso-amyl alcohol

in chloroform were added to the samples and, after cen-

trifuging the samples at 14,000 rpm £for 1 minute, the
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upper, aqueous phase was transferred to sterile Eppendorf
tubes. Twice the volume of ethanol (640upl) and one-tenth
the wvolume (32ul) of 5M NaCl were then added to the
samples. To enable efficient precipitation of the DNA to
occur, the samples were then frozen at -70°C for 1 hour,
after which they were centrifuged for 10 minutes at
14,000 rpm. The supernatant fluid from each sample was
discarded, and 200pul of 70% ethanol was added to each
pellet. These were then centrifuged at 14,000 rpm for 5
minutes to further precipitate the DNA. After discarding
the supernatant, the pellets were dried in a vacuum
desiccator for 30min, to remove all traces of ethanol.
Once dried, the DNA pellets were resuspended in 40ul of
double distilled water (ddH,O) and stored at -70°C until
DNA analysis could be performed.

Urethral swabs and loops, cervical and buccal scrapes
and Cytobrush specimens were agitated in 10ml of PBS.
Vaginal washes were tested directly. 211 these samples
were subsequently denatured by heating to 95°C for 10min
and then centrifuged at 14,000rpm for 2min to remove
cellular debris and other extraneous material. The super-
natant fluid was then used for the PCR. Urine specimens
were centrifuged at 3000 rpm for 10 minutes, the superna-
tant fluid discarded and the deposit kept. This was then
resuspended in 160ul 2 x Summers buffer. Blood samples
were centrifuged at 2000rpm for 5 minutes and the serum

decanted. This was used directly for the PCR.
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9. Detection of £-globin gene

Only SG specimens containing human DNA were analysed for
the presence of HPV DNA. In order to determine whether
human DNA was detectable in the SGC samples, part of the
human fR-globin gene was amplified. Amplification was
carried out using 100ul of reaction mixture containing
50mM KCl, 10mM TRIS-HCl pH 8.3, 0.01% w/v gelatin, 200uM
each of d4dATP, dCTP, d4dGTP and dTTP, 2.5mM MgClz, 2.5 units
of Tag polymerase (GIBCO-BRL, Paisley, Scotland) and
0.2uM each of twe f3-globin primers362 (Appendix V). The
specimens were then subjected to 40 cycles of amplifica-
tion. Each cycle included denaturation at 94°C for 30
sec, primer annealing at 55°C for 30 sec and chain elon-
gation at 72°C for 60 sec. Positive controls were a
fibroblast cell line derived from embryonic lung tissue
(MRC-5) (Medical Research Council, Clinical Research
Centre, Harrow, Middlesex, UK) and an epithelial cell
line derived from cervical carcinoma tissue (HelLa-229).

Double distilled water (ddH,0) was used as a negative

conktrol .

10. Analysis of DNA

10.1 Restriction enzyme digestion

The presence of HPV DNA was confirmed by Southern blot-
ting of Bam Hl restriction enzyme digested cellular

DNA363 Twenty microlitres of each DNA-extracted sample
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were made up to a total volume of 25ul1 with 10 units Bam
H1 (GIBCO-BRL Life Technologies, Uxbridge, Middlesex,
UK), sterile ddH,0 and 10 x restriction buffer (Northum-
bria Biologicals Limited, Cramlington, Northumbria, UK).
This was incubated for 1 hour at 37°C and then 4ul of
dye (bromophenol blue/xylene cyanol in 40% glycerol) were
added. Dye was used to make the DNA visible and to in-
Crease its density, thus ensuring that the DNA remained
in the wells. Near full length genomic probes to HPV
6,11,16, and 18 were used as positive controls, together
with Caski cells (containing integrated full length HPV
16) and Hela cells (fragments cf integrated HPV 18). The
human fibroblast cell 1line, MRC-5 , was used as the

negative control.

10.2 Polymerase chain reaction

Sequences within the L1 open reading frame were chosen
for amplification, as they are known to be generally
conserved, but have sufficient divergence to allow dis-
crimination between HPV types 6,11,16,18,31 and 33.
General primers GP5 and GP6 were used363 (Appendix V)
which allow the amplification of specific areas of the L1
genome, depending upon the HPV type under investigation.
One hundred microlitres of the PCR reaction mixturel©”
(Appendix V) were added to 50-100ng of DNA extracted from
the sample under investigation. This was then overlaid
with approximately 100ul of mineral oil to prevent evapo-

ration, and subjected to 40 cycles of amplification using

a thermal cycler (Hybaid, Teddington, Middlesex, UK).
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Each cycle comprised denaturation at 94°C for 20 sec-
onds, primer annealing at 40°C for 1 minute and chain
elongation at 72°C for 20 seconds. Samples containing
100pg of near full length genomic probes of HPV types
6,11,16 and 18 (Appendix V) were used as positive con-
trols. Negative controls were a human fibroblast cell

line (MRC-5) and ddH,0.

10.3. Separation of DNA fragments by gel electrophoresis

The separation of the DNA fragments was carried out by
agarose gel electrophoresis, the percentage of agarose
gel used depending on the size of the DNA fragments
needing to be separated.

DNA fragments generated by Bam Hl digestion (i.e. the
linearised wheole genomes of the HPVs, approximately 7950
base pairs long) were separated. This was done on a 1%
agarose gel with 1 x Tris-Borate EDTA (TBE) buffer
(Appendix V) as the electrophoresis buffer, 10mA for
approximately 16-20 hours, followed by ethidium bromide
staining for 10 minutes to enable the fragments to be
detected. Ethidium bromide was used because it binds
irreversibly to DNA, and the product fluoresces bright
orange in ultraviolet light.

DNA fragments generated by the PCR were separated
using a 2% agarose gel made in TBE buffer, with 21ul
ethidium bromide added, and run at 150V and 80mA for 45-
60 minutes using 1 x TBE as the electrophoresis buffer.

¢$X174 DNA (BRL, England) cut with the enzyme Hae III
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(GIBCO-BRL Life Technologies, Uxbridge, Middlesex, UK)
was used to produce molecular weight markers between 72
and 1352 base pairs long.

After separating the DNA fragments, the agarose gel was
gently agitated for 30 minutes at room temperature in a
sclution containing 1.5M NaCl and 0.5M NaOH in order to
denature the DNA, and then neutralised for 60 minutes in
a solution containing 1.5M NaCl, 0.5M Tris pH 7.5 and 1mM

EDTA.

10.4. Transfer of DNA on to nvlon membranes by Southern

blotting

Southern blotting was performed using a modification of
standard protocolsle. DN2 was transferred onto Gene
Screen PlusM nylon membrane (NEN Research Products,
Dupont, Wilmington, DE, USA) by the capillary blot
procedure, using 6 x SSC (0.9M NaCl with 0.09M sodium
citrate) as the transfer buffer. The Southern blot was
run overnight to allow adequate transfer from the gel to
the membrane. After removing the membrane from the South-
ern blot, it was allowed to dry at room temperature to
enable DNA to bind to the membrane (Gene Screen Plus’™

membranes consist of positively charged nylon membranes

which do not require baking to fix the DNA).
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10.5 Labelling of the probes, hvbridisation and autora-

diography

In the resistant anogenital warts study, near full-length
probes for detection of HPV types 6, 11, 16 and 18 were
used for the analysis of the restriction enzyme and PCR
products and so prehybridisation of the membranes used
was carried out at 65°C for 2 hours, using prehybridisa-
tion mixture (Appendix V). In all other studies, oligonu-
cleotide probes were available and so prehybridisation of

the membranes was undertaken at 55°C for 2 hours.
10.5.1 Random priming method

This method was used to label near full-length genomic
HPV probes of HPV types 6,11,16 and 18 (Appendix V),
which have seguences complementary to the DNA fragments
generated by restriction enzyme digestion and by the PCR.
The procedurse involves the generation of a labelled,
complementary DNA strand to the original full length HPV
genomic probe by the action of a DNA polymerase. This
labelled strand then binds to complementary sequences on
the DNA specimen being evaluated.

™ (Amer-

The Amersham Multiprime DNA labelling system
sham International PLC, Aylesbury, Bucks, UK) was used.
100ng of genomic probe were used per membrane, made up to
12pl in ddH,O, and denatured by heating at 97°C for 2

minutes. Random priming mix (Appendix V) was then added

to the probe and incubated for a minimum of 1 hour.
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Incorporated 32p_4cTp-labelled probe was then separated
from unincorporated 32p_dcTP (f-emitter, half-life 14
days) by running the reaction mixture through a Sephadex
G50 column (Pharmacia LKB Biotechnology, Sweden). Twenty
fractions of the reaction mixture were collected. Two
peaks of activity are usually found, the first represent-
ing the 1labelled probe, and the second, the unreacted
32p_dcTP. Those fractions of the reaction mixture which
emitted over 2,000 counts/second on the radiation detec-
tor (Mini monitor 5-10 E, Mini Instruments Ltd, Essex,
UK) were pooled and subsequently used.

The probe was then denatured by adding 1/5th volume of
1M NaOH and left to react for 10 minutes, followed by
neutralisation with the addition of 1/5th velume of 1M
Tris pH 7.5 and 1/5th volume of 1M HCl. Finally, the
probe was mixed with the hybridisation mixture, and
allowed to react with the complimentary HPV DNA sequences
of the specimens under investigation on the membranes for
16-24 hours at 65°C.

Once hybridisation was completed, the membranes were
washed once with 2 x 8SC/ 0.1% SDS at 65°C for 1 hour
and once with 0.1 x SSC/0.1% SDS at 65°C. This first wash
was of low stringency, thus removing non-specifically
bound, 1labelled material. The second wash was of high
stringency and removed all except probe bound to com-
pletely complementary DNA in the specimen, thus allowing
differentiation between HPV types 6,11,16 and 18. The
membranes were then subjected to auto-radiography for

approximately 24 hours on Kodak X-OMAT S X-ray film
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between intensifying screens at -70°C and the films
developed using an automated developing machine (IGP Dirr

Medicine 430, Germany) .
10.5.2 End-labelling method

Full-length genomic probes were not available for HPV
types 31 and 33, and the technique of end-labelling was
used to label the oligonucleotide probe complementary to
the products generated by PCR amplification.

Ten micromoles of the HPV 31 and 33 oligonucleotide
probes (1lupul per membrane) were added to the end-labelling
mixture (Appendix V) in a 1.5ml screw-capped Eppendorf
tube. The reaction mixture was incubated at 37°C for 1
hour, and then the 32p_gaTP-labelled probe was separated
from unincorporated 32p_gaTP by adding 40ul ddH,O0, 240ul
5M ammonium acetate and 750yl ice cold ethancl, and
incubated at -70°C for 30 minutes. This solution was then
centrifuged at 14,000 rpm for 10 minutes at 4°C and 1ml
of ice cold 80% ethanol was added to the pellet, which
contained the 32P-dATP-labelled prove. After the second
precipitation step, the pellet was redissolved in 200ul
ddH,0 and added to the prehybridisation mixture (Appendix
V), and the membranes were allowed to hybridise for
approximately 24 hours at 55°C. On completion of the
hybridisation, the membranes were washed twice with 2 x
SSC/0.1% SDS at room temperature for 5 minutes (low
stringency washes) and once with 2 x S8S8C/0.1% SDS at
55°C (high stringency wash) for 5 minutes. The membranes

were then auto-radiographed for approximately 24 hours on
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Kodak X-OMAT S X-ray film between intensifying screens at

“TOE

10.6 Re-hybridisation of DNA

As Gene Screen Plus'™ membrane is not allowed to dry
completely (otherwise irreversible binding of probe may
result), the membranes were incubated at 45°C for 30
minutes in 0.4M NaOH to remove both the bound oligonu-
cleotide and full length genomic HPV probes. They were
then neutralised at 45°C for 30 minutes in a solution
containing 0.1 x SSC, 0.1% SDS and 0.2 M Tris pH 7.5.

Then it was possible to rehybridise the membranes with

the other HPV probes used.

100



Results

101



1. GENITAL DERMATOSIS STUDY

1.1 Clinical features of the patients

One hundred men were recruited for this study. The age
range of the men was 18.6 to 68.6 years (mean 35.9
vears). Seventy-five were Caucasian, 10 Afro-Caribbean
and 15 of other racial origins. Eighty-five of the men
were heterosexual, 11 homosexual and 4 bisexual. The men
admitted to a range of 1 to 1,000 (median 20) life-time
sexual partners. No men had typical genital warts at the
time of biopsy. Twenty men were circumcised, 6% were not
and this information was not recorded in 11 cases. Nine-
teen men gave a history of anogenital warts, 76 did not,
and this information was not recorded in 5 cases.

The lesions had been noticed by the men over a range of
1 to 180 months (mean 31 months). At the time of sam-
pling, the predominant location of the dermatosis was on
the glans penis in 44 of the men, coronal region in 12,
frenulum in 2, foreskin in 14, shaft in 26 and scrotum in
2. The histological diagnoses of the biopsy specimens are

shown in Table 1.

1.2 Detection of HPV in relation to specimen type and to

histopathological findings

HPV DNA was detected in one or more biopsy, swab or urine
specimens from 39 patients. Examples of this are shown in

Figures 10 and 11. The histopathological findings in the
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biopsy specimens in relation to the HPV types detected in
the three types of specimen are shown in Table 2. The
relation between HPV type detected, specimen type and
histopathological findings is presented in Tables 4 and

B

1.3 HPV in biopsy specimens

HPV DNA was detected in 29 of 100 biopsy specimens (Table
3). Seven (28%) of 25 biopsies from the glans, 3 (30%) of
10 from the corona, 1 (50%) of 2 from the frenulum, 9
(29%) of 31 from the foreskin, 8 (27%) of 30 from the
shaft and 1 (33%) of 3 from the scrotum contained HPV
DNA. Of the 20 circumcised men, 7 (35%) had HPV DNA in
their biopsy specimens, that 1is 3 (33%) of ¢ from the
glans and corona and 4 (36%) of 11 from elsewhere on the
genitalia. Of the €9 uncircumcised men, 18 (26%) had HPV
DNA in their biopsy specimens, that is 5 (31%) of 13
from the glans, none of 6 from the corona, 1 (50%) 2 from
the frenulum, 9 (29%) of 31 from ithe foreskin and 3 (18%)
of 17 from elsewhere on the genitalia.

Of the 22 men who had histological evidence of typical
HPV infectiecn, 6 (27%) had a history of anogenital warts;
of the 12 men who had histological evidence of neoplasia,
4 (33%) had a2 history of anogenital warts; of the 66 men
who had no histological evidence of either typical HPV
infection or neoplasia, 13 (20%) had a history of anogen-

ital warts.
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Figure 10

Agarose gel - penile dermatosis study
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Southern blot - penile dermatosis study

Hybridisation of PCR products with HPV type 1ll-specific
probe on nylon membrane following Southern blot with
positive control (HPV type 11), negative controls (HPV
types 6, 16 and 18, MRC-5 fibroblasts and ddH,O), molecu-
lar weight marker (¢X174) and specimens o DNA from
biopsies (BX), swabs (S) and urine (U). Positive result
are seen with HPV type 11 control, BX-4, S-4, BX-5, BX-6
and U-6.
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HPV DNA was detected in 32% of biopsy specimens with
histological evidence of typical warts, 83% of specimens
with neoplasia and 18% of specimens in which histological
evidence of either change was absent (Table 4). The
detection of HPV DNA in urethral swab and urine specimens
did not vary substantially between those men with and
without histological evidence of HPV infection (Tables 5
and 6).

Wart specimens were associated most frequently with HPV
DNA types 6 or 11, specimens showing neoplasia most
frequently with type 16 and specimens having other histo-
pathological changes with a variety of HPV types, most
commonly HPV types 11 and/or 18 (Table 4). Of particular
note, all three basal cell papillomata were associated
with HPV type 6 (Table 2).

Infection with two or more HPV types was found in 7

(24%) of 29 biopsy specimens containing HPV DNA (Table

515

1.4 HPV in urethral swab specimens

Urethral swab specimens were obtained from 85 men. Of
these specimens, 21 (25%) contained HPV DNA (Table 3).
HPV DNA was more commonly detected in urethral speci-
mens from men with histological evidence of neoplasia
than from men with histological evidence of warts or
other histological abnormalities (Table 4). HPV type 18
was the type most frequently detected in urethral swab
specimens. Infection with more than one HPV type was

found in approximately one-third of the swab specimens in
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which HPV DNZ could be detected (Table 3).

1.5 HPV _in urine specimens

rine specimens were obtained from 59 men. Of these
specimens, only 6 (10%) contained HPV DNA (Table 3).

HPV DNA was not detected in urine specimens from men
with histological evidence of warts, and only a small
proportion of those with neoplasia or other histological
abnormalities (Table 4). HPV type 18 was the type most
frequently detected in urine specimens. Infection with

more than one type occurred on one occasion (Table 5).

1.6 Association between presence or absence of HPV and

type of specimen

A correlation between biopsy and swab and between biopsy
and urine was less obvious than between swab and urine
findings (Table 7). Ten (28%) of the 36 patients with HPV
present in biopsy or urethral swab specimens had at least

one HPV type in common.

1.7 HPV in relation to possible risk factors and demogra-

phic details

The proportion of biopsy, urethral swab and urine speci-
mens containing HPV are given 1in relation to wvarious
possible risk factors and demographic details in Table 8
and Table ¢. Although the numbers.are too small for =a
ralid statistical analysis, there is a suggestion that
infection with HPV is mnre common in men admitting to at

least 20 lifetime sexual partners than those with fewer
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partners, and in those with a history of AGW compared to
those without. An association between HPV infection and

other factors is less clear.
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Table 1 EHistopathological diagnoses of biopsy specimens
from 100 men with genital dermatoses

Category Histopathological diagnosis No. of patients

Wart Typical wart virus infection 22

Necplasia Basal cell papilloma
Dysglastic wart
PIN®1
PIN 2
PIN 3

MU W

Other Non specific dermatosis
Lichen sclerosus
Lichen planus
Lichen nitidus
Lichen simplex
Psoriasis
Fungal infect%on
Miscellaneous

[ ol 8}
Ll S R e

b

*Histopathological change not amounting to PIN 1

Spenile intraepithelial neoplasia

#this group comprised: normal, not diagnostic, scarring, granulo-
ma annulare, plasma cell balanitis, lentigo, venous haemangioma,

sebaceous cyst wall, molluscum contagiosum, folliculitis and
drug rash.
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Table 2 HPV DNA types detected in relation to histopathological

findings of biopsv specimens from men with genital dermatoses

HPV DNA types detected in indicated specimens

Histo-
patheclogical Urethral
findings Biopsy swab Urine
Wart 6€; 11 6, 313, 28 ns
Wart 6 - -
Wart 18 - -
Wart 6 = -
Wart 6 11 ns ns
Wart 16 11, 18 ns
Wart 6, 11 - -
Wart = 18 -
Wartc - 33 -
Neoplasia
Basal cell papilloma 6 3 ns
Basal cell papilloma 6 - -
Basal cell papilloma 6 = -
Dysplastic wart 16 - -
PIN 1 6 - -
PIN 2 - 18 18
PIN 2 + wart 16 ns ns
PIN 2 i6 18 ns
PIN 2 [ - -
PIN 3 16 - ns
PIN 3 16 16 ns
Other
NSD 18 = ns
NSD 18 18; 31 =
NSD ey I, 1B 1B, 33 ns
NSD 18 - -
NSD dX; 1B 11 ns
NSD - - 16
NSD - 33 33
LS 11, 18 13; 2B ns
LS 18 6, 11 ns
LS - 18, 31 ns
LS 11 11 13, 18
LS - 18 -
LS 31 - -
Lichen planus 31 ns ns
Lichen planus 16 1€ -
Psoriasis = 18 18
Psoriasis 1i, 18 i3y 31 ns
Plasma cell balanitis - 6
Venous haemangioma - 6 -

= no HPV DNA& detected;

ns = no specimen obtained;
intraepithelial neoplasia; NSD = non-specific dermatosis; LS =
lichen sclerosus
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Table 4 HPV in relation to histopathological findings of
biopsv specimens from men with genital dermatoses

No. (%) of men with specified HPV
type in given specimen according
to histopathological diagnosis

HPV type Wart Neoplasia Other
(n=22) (n=12) (n=66)
Any type in biopsy specimens T (32) 10 (83) 12 (18)
urethral swab specimens 4 (217) 4 (36™) 13 (247)
urine specimens 0 1 (14™) 5 (137)
any specimen S (41) 11 (92) 19 (29)
Type 6 in any specimen 5 (23) 5 (42) 4 (s)
Type 11 in any specimen 4 (18) 0 6 (9)
Type 16 in any specimen X (5) 5 (42) 2 (3)
Type 18 in any specimen 4 (18) 2 (17) 12 (18)
Type 31 in any specimen 0 0 5 (8)
Type 33 in any specimen 1. 15} 0 2 (3)
>1 type in any specimen 4 (18) 1 (8) 8 (12)

* - . . , . o
urethral swab and urine specimens were not obtained from all
men. The figures in these instances refer to those men from whom
urethral swab or urine specimens were taken.



Table 5 HPV in relation toc tvpe of specimen from all men
with genital dermatoses

No. of specimens positive for indicated type

Urethral

HPV type Biopsy swab Urine
(n=100) (n=85) (n=59)

Any HPV 29 21 (3
6 11 (38)" 4 (19) 1 (17)
11 8 (27) 7 (33) 1 (17
16 7 (24) 2 (9) 1. (37
18 9 (31) 11 (52) 3 (50)
31 2! 1) 3 (14) 0 (0)
33 0 (0) 3 (14) 1. 4T7)
>1 type 7 (24) 8 (38) 1 (17)

L .
Figures in brackets are expressed as percentages of all that
particular specimen type containing any HPV DNA
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Table 6 HPV in relation to tvpe of specimen from men

with genital dermatoses and no histological

evidence of HPV infection

No. of specimens positive for indicated type

Urethral

HPV type swab Urine

(n = 55) (n=39)

Any HPV 13 5
6 2 (15)" 1 (20)
13 5 (38) 1. (20}
16 1 (18) 1 (20)
18 6 (46) 2 (40)

31 2 (15) 0
33 3 123) 1 (20)
>1 HPV type 5 (38) 1 (20)

*Figures in brackets are expressed as percentages of all that
particular specimen type containing any HPV DNA
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Table 7 Correlation between presence (+) or absence (-
DNA and tvpe of specimen from men with genital dermatoses

) of HPV

Biopsy Biopsy

- - + -

s + 13 8 9] + 1 5
w r

a - 13 51 i v 12 41
b n

ns 3 12 e ns 16 25

oS eHa

Swab

+ - ns
+ 4 2 0
- S 46 1
ns 11 16 14

ns = no specimen obtained

115



Table 8 HPV in different specimens in relation to possible
rigk factors of men with genital dermatoses

Proportion* (percentage) of specimens of
indicated specimen type positive for HPV

Possible Biopsy Urethral Urine
risk factors swab

<35 years old 17,57 (30) 13 /49 (26) 5,32 (16)
235 years old 12 /45 (28) 8/36 (22) 1/27 (¢)
Heterosexual 28 /g5 (33) 16 /75 (22) 4/48 (8)
Bi/homosexual 1/15 (7) 5/13 (38) 2/11 {18)
Caucasian 20 /975 (27) 16 g7 (24) 4,56 ()
=20 partners 1€ /45 (35) 14 /4, (32) 5/30 (17)
<20 partners /39 (23) 5/37 (14) 128 (4)
c¥ never used 10,59 (35) 6,08 (21) 1/17 (6)
CTl sometimes used 11,44 (25) 1034 (26) 3/2g (11)
ct always used 2,7, (18) 3,97 (270 19 (12)
Non-smoker 11 /44 (25) ®/42 (21) 4/3¢ (11)
History® 919 (47) 6/17 (35) 1,5 (12)
No historyS$ 18 /96 (25) 14 ¢, (22) 5,49 (10)

"proportion for each possible risk factor: number of men with
that specimen type containing HPV DNA, expressed as & proportion
of all men with that risk factor and whose HPV status for that
gpecimen type was known.

?istory of anogenital warts given by patient

C!' condoms
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Table S EPV in different combinations of specimens in relation
to possible risk factors of men with genital dermatoses

Proportion* (percentage) of specimens of
indicated specimen types positive for HPV

Possible Biopsy, swab or Urethral swab
risk factors urine or urine
<35 years old 24 j5q (42) 14 /49 (29)
235 years old 15 /43 (35) 9 /37 (24)
Heterosexual 34/85 (40) 18/73 (25)
Bi/homosexual 5/15 (33) 5/13 (38)
Caucasian 28/75 (37) 20/75 (27)
Non Caucasian 11/25 (44) 9/25 (36)
220 partners 22 45 (49) 15 /44 (44)
<20 partners 12 /39 (31) 6/32 (19)
C11 never used 12/29 (41) 6/28 (21)
Cﬂ sometimes used 16/44 (36) 11/40 (28)
cY always used 4/, (36) 4,9, (36)
Smoker 16/39 (41) 14/39 (36)
Non-smoker 1'7/44 {39) 11/44 (25)
History® 10,75 (53) 9,19 (47)
No historyS 28 jmg (37) 19 )5¢ (25)

“proportion for each possible risk factor: number of men with
that specimen type containing HPV DNA, expressed as a proportion
of all men with that risk factor and whose HPV status for that
gpecimen type was known.

history of anogenital warts given by patient
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2. RESISTANT ANOGENITAL WARTS STUDY

2.1 Clinical features of the patients

One hundred and sixteen men were recruited for this
study. The age range of the men was 16.1 to 61.6 years
(mean 28.6 years). Fifty-four (46.6%) of the 116 men were
homosexual, 50 (43.1%) heterosexual, 7 (6.0%) bisexual
and 5 (4.3%) were of unspecified sexual orientation. This
distribution of sexual orientations was characteristic of
the clinic from which the study group was chosen. A
history of other previous sexually transmitted diseases
was given by 51 (44.0%) of the men. Two (5.9%) of 34 men
who had undergone testing for the human immunodeficiency
virus within three years prior to sampling of their warts
were found to carry antibody. Information concerning
number of sexual partners, whether or not they smoked,
ethnicity and condom usage was not obtained from these
men.

The men had been aware of their warts for an average of
18.1 months (range 0.5 to 120 months) prior to undergoing
biopsy. Histological assessment was performed on a random
samples of 54 (46.6%) of the biopsy specimens, and all
were found to have changes consistent with wart wvirus
infection. None of the specimens showed evidence of
dysplasia. The clinical appearance of the warts was
described as «classical condylomata acuminata in 94

(81.1%) of the men, planar in 10 (8.6%), hyperkeratotic
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in 26 (22.4%), mixed type in 13 (11.2%) and pigmented in
one.
At the time of sampling, warts were seen at the meatus

in 7 (6.0%) of the men, the glans in 10 (8.6%), coronal

region in 10 (8.6%), foreskin in 8 (6.8%), shaft in 26
(22.4%), scrotum in 4 (3.4%), inguinal region in 5
(4.3%), perineal area in 3 (2.6%), perianal area in 78

(67.2%) and intra-anal site in 14 (12.1%).

2.2 HPV in biopsies from anogenital warts

HPV DNA was detected in 112 (96.5%) of 116 wart speci-
mens. Types 6 and 11 were the most common (84.8% and
82.1%, respectively) and types 31 and 33 the least common
(0.9% and 2.7%, respectively) (Table 10). Infection with
two or more types of HPV was found in 84 (72.4%) of the
warts. The commonest multiple infection was with types 6
and 11, which occurred together in 58 (50.0%) of the men
and in combination with other HPV types in a further 21
(18.1%) men. HPV type 6 was found in 83 (99%) of the 84
multiple infections and type 11 in 79 (94%) of such
infections.

The distribution of HPV type found in the warts did not
vary significantly with the site of the biopsy or age of

the patient (data not shown).

2.3 HPV in urethral swab specimens

Twenty-two (19.0%) of the 116 urethral swabs contained
HPV DNA. The detection rate did not wvary with sexual

orientation. Again, types 6 and 11 were the most common,



but type 16 was detected relatively more often than it
was in the warts (Table 10). Fourteen (63.3%) of the 22
swabs contained a single HPV type. Multiple HPV types
were found in 8 (36.3%) of the swabs in which any HPV DNA
could be detected. HPV type 6 was found in 7 (87.5%) of
the 8 swabs containing more than one type, and HPV type
11 in all 8. HPV type 16 was the most common single HPV
type detectable, being found in 7 (50%) of the 14 swabs

in which only one HPV type was found.

2.4 HPV in urethral loop specimens

HPV DNA was detected in 11 (61.1%) of the 18 urethral
loop specimens. The detection rate did not vary with
sexual orientation. Whether the loop or swab specimen was
taken first had no appreciable effect on the rate of
detection. The distribution of HPV types was similar to
that seen with the swab specimens (Table 10). In 5
(27.8%) of 18 specimens there was evidence of a single
HPV type, which was HPV type 16 in all cases. Of the 6
loop specimens in which multiple HPV types were detected,
HPV type 6 was always present and HPV type 11 found in 5
(83.3%) .

Of the 11 men who had HPV-positive loop samples, only 5
had urethral swab specimens that were also HPV-positive.
In all cases where both loop and urethral swab specimens
contained HPV, at least one HPV type was common to both

specimens.
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2.5 HPV in urine specimens

HPV DNA was detected in only 1 (6.7%) of 15 urine samples
tested. This was found to comprise HPV types 16 and 18.
The patient had only perianal warts and no history of
warts elsewhere. Analysis of the wart specimen revealed
HPV type 6 alone. No urethral loop sample was taken and

HPV DNA was not detected in the urethral swab specimen.

2.6 Association between location of warts at time of

biopsy and HPV detected in the urethra

The location of the wvisible warts in relation to the
results of HPV DNA detection in urethral specimens 1is
shown in Table 11. Six (85.7%) of the 7 men who had
clinically apparent meatal warts had HPV DNA detected in
their urethral swab specimens. Thereafter, it can be seen
that the further away visible warts were from the meatus
at the time of urethral sampling by swab or loop, the
smaller the proportion of urethral samples containing HPV
DNA. The association was not seen with loop samples, but

the number examined was small.

2.7 Association between HPV tvpes detected in warts and

in the urethra

The relation between the location of warts and the HPV
type in the urethra is shown in Table 12. HPV types 6 or

11 were found in diminishing frequency in the urethra as
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the warts were located more distally from the urethral
meatus. In contrast, there appeared to be no such associ-

ation for HPV types 16, 18, 31 or 33.

Of the 22 swab samples in which HPV DNA was detected,
10 (45.4%) had at least one type in common with the
corresponding warts. Furthermore, 6 (54.5%) of the 11
loop samples in which HPV DNA was detected had at least

one HPV type in common with the corresponding warts.

2.8 HPV in relation to possible risk factors and demo-

graphic details

There was no clear association between age or sexual
orientation and the detection of HPV DNA in any sample

(Table 13).
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Table 10 HPV in relation t e of specimen from men

with anogenital warts

No. of specimens positive for indicated type

Urethral Urethral
HPV type Biopsy swabs loops
(n = 116) (n=85) (n=18)
Any HPV 112 22 11
6 95 (85)” 9 (41) 5 (46)
i 92 (82) 10 (46) 5 (46)
16 10 (8) 8 (36) 6 (55)
18 20 (18) 6 (27) 4 (36)
b 1 () 2 (9) 1 (9)
33 3 (3) 2 (9) 1 (9)
>1 HPV type 84 (72) 8 (26) 6 (54)

iFigures in brackets are expressed as percentages of all that
particular specimen type containing any HPV DNA
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Table 11 Location of warts in relation to detection of urethral

HPV DNA from men with resistant anogenital warts

Location™ No.of Swab with Loops with Total No.¥
patients HPV DNA (%) HPV DNA (%) (%)
(n = 116) (n= 116) (n = 18)
Meatus 7 6, (85.7)  4,¢ (66.7) 6 (85.7)
Glans 6 1/6 (16.7) 1/5 (33.3) 2 (33.3)
Corona 6 4 /6 (66.7) N.L. 4
Foreskin 4 0/4 N.L. 0
Shaft 19 1/1¢ (5.3) 2,3 (66.7) 3 (15.8)
Scrotum 2 0/2 1/1 1 (50)
Inguinal 2 0/2 N.L. 0
Perianal 67 10/67 {14.9) 3/5 (60) 13 (19.4)
Intra-anal 3 0/3 Ntz 0

* " . :
Location of clinically apparent warts seen nearest to the
urinary meztus at the time of biopsy

total number of patients or of samples taken

a
n

# total number of patients in each category with swabs or
loop specimens containing HPV DNA

fNumerator signifies the number of samples with HPV DNA
detected in that particular group

N.L. = No loop sample taken
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Table 12 Location of warts in men with resistant anogenital
warts in relation teo urethral HPV type

No. (%) swabs/loops containing
indicated HPV types

Location® No. swabs/loops

containing 6 or 11 16,18,
HPV DNA 31 or 33
Meatus 6 6 (100) 5 (83)
Glans 2 2 (100) 1 (50)
Coronal 4 1 (25) 3 (75)
Shaft 3 1 (33) 2 (67)
Scrotum 1 0] 1
Perianal i3 3 (23) 11 (85)

*Location of clinically apparent warts seen nearest
to the urinary meatus at time of biopsy
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Table 13 HPV in different specimens in relation to possible
risk factors of men with resistant anogenital warts

Proportion* (percentage) of specimens of
indicated specimen type positive for HPV

Possible
risk Any Warts Urethral Urethral Urine
factors specimen swab loop

<27 yrs 61/61 (100) 60/61 (98) 10/61 (16) 6/9 (67) O/S (0)

227 yrs 53/55 (96) 52/55 (54) 12/55 (22) 5/9 (56) l/ll (9)

Bi/homo 51/61 (100) 60/61 (98) 9/61 (15) 2/3 (67) 1/7 (14)

*proportion for each possible risk factor: number of men with
that specimen type containing HPV DNA, expressed as a proportion
of all men with that risk factor and whose HPV status for that
specimen type was known.
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3. URETHRAL GONORRHOEA STUDY

3.1 Clinical features of the patients

One hundred men were recruited for this study. The age
range of the men was 17.0 to 55.6 years (mean 26.7
years) . Fifty-two of the men were Afro-Caribbean, 34
Caucasian, eight African and four from other racial
groups. Information on the ethnic origin of two men was
not available. Seventy-six of the 100 men described
themselves as hetercosexual, 19 homosexual, and five
bisexual. The mean number of lifetime sexual partners was
42, with a range of 3 to 200; in addition, one bisexual
man claimed to have had 1000 lifetime sexual partners. A
history of genital warts was given by six of the men. One
of 85 of the men who gave blood specimens at the time of
presentation had serclogical evidence of syphilis. Fifty-
eight of the men were cigarette smokers. Of the 98 men
who provided information on condom usage, 27 claimed

always, 59 sometimes and 12 never to have used them.

3.2 HPV in urethral swab specimens

HPV was detected in 18 of 100 urethral swabs specimens.
HPV types 11, 16 and 18 were the most common (Table 14).
Infection with more than one HPV type was found in 8
(44%) of the 18 urethral swabs containing HPV DNA (Tables

14 and 15). DNA from HPV types 16,18 31 or 33 was found
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in 15 (83%) of 18 urethral swab specimens in which any

HPV DNA could be detected.

3.2 HPV in urine specimens

HPV was detected in 11 (12.5%) of 88 urine specimens. HPV
types 11 and 16 were the most common (Table 14). Infec-
tion with more than one HPV type was found in 3 (27%) of
the 11 urine specimens containing HPV DNA (Table 14 and
15). DNA from HPV types 16,18 31 or 33 was found in 8
(73%) of 11 urine specimens in which any HPV DNA could be

detected.

2.4 HPV in relation to possible risk factors and demogra-

phic details

The proportions of urethral swab and urine specimens
containing HPV are given in relation to various possible
risk factors and demographic details in Table 16. Al-
though the numbers are small, there is a suggestion that
infection with HPV 1is more common in urethral swab
specimens taken from men less than 27 years old compared
to older men, heterosexuals compared to non-heterosexuals
and non-Caucasians compared to Caucasians. An association
between HPV infection and other factors is less clear,
however the numbers were too small for a wvalid statisti-

cal analysis.
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Table 14 HPV in relation to type of specimen from men
with urethral gonorrhoea

No. of specimens positive for indicated type

Urethral
HPV type swab Urine
(n = 100) (n=88)
Any HPV 18 3
6 5 (28)" 3 (27)
11 8 (44) 6 (54)
16 6 (33) 6 (54)
18 7 (39) 2 (18)
31 2 {13) 0
33 2 (11) 0
>1 HPV type 8 (44) 3 2m

*Figures in brackets are expressed as percentages of all that
particular specimen type containing any HPV DNA
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Table 15 i and multiple s of HPV found in urethra

No. of specimens positive for indicated type

HPV tvpe Swab Urine
(n =18) (n=11)
6 alone 0 0
11 alone 3 3
16 alone 3 3
18 alone 4 2
31 alone 0 0
33 alone 0 0
6 and 11 3 0
6, 11 and 16 1 3
6 and 18 1 0
11, 16 and 18 1 0
16, 18, 31 and 33 1 0
31, 33 1 0
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Ta 6 HPV in different specimens in relation to possible
risk factors of men with urethral gonorrhoea

Proportion” (percentage) of specimens of
indicated specimen type positive for HPV

Possible Urethral swab Urethral Urine
risk factors or urine swab

<27 years old 13 /55 (24) 10 /55 (55) 5/50 (10)
Heterosexual 22f76 (29) 16/76 (21) 10/69 (15)
Bi/homosexual 3/24 (13) 224 (8) 1/19 (5)
Caucasian 6/34 (18) 4/34 (12) 3/28 (A
Non-Caucasian 19/64 (30) 14 /g4 (22) 5/58 (14)
<20 partners 15 /5¢ (27) 11/5¢ (20) 7749 (14)
Cﬂ never used 4/27 {15) 2/27 (7) 2/25 (8)
Cﬁ sometimes used 20/59 (34) 15/59 {25) 8/53 (15)
Non-smcker S/36 (25) 5/36 (14) 5/31 (16)

*proportion for each possible risk factor: number of men with
that specimen type containing HPV DNA, expressed as a proportion
of all men with that risk factor and whose HPV status for that
specimen type was known.

C1i condoms
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4. MULTIFOCAL STUDY

4.1 Clinical features of patients

Nine women and 9 men took part in the study. All pa-
tients were heterosexual. The mean age of the women was
24 .0 years (range 16.1 years to 36.2 years) and that of
the men 28.4 years (range 22.9 vyears to 36.3 vyears).
Clinical details of the patients are shown in Tables 17
and 18; there were 4 pairs of partners (F1l-M3, F2-M8, F3-
M2 and F7-M9), the partners of the other patients not
being available for study. Patient Fé was referred by her
general practitioner because of a suspicion of genital
warts seen at the time of taking a cervical scrape. There
was no evidence of anogenital warts at the time of as-
sessment in the clinic, but a papillary lesion noted in
the vagina was biopsied and found to be a skin tag. Apart
from this, all other biopsies taken from clinically
apparent warts were confirmed histologically as such.
Biopsy of acetowhite changes on the labia of patient F8
showed changes of HPV infection.

To facilitate interpretation of results, specimens were
divided into three groups. "Biopsy" specimens consisted
of biopsies from <clinically abnormal and acetowhite
areas. "SG specimens" consisted of samples obtained using
the SG technique. The term "non-biopsy" is used to de-
scribe all other types of specimens.

Examples of the results are shown in Figures 12 and 13.
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Figure 12

Agarose gel - multifocal study

72 base 872 base 72 base 1078 base
pairs pairs pairs pairs

HPV 6 HP\
HPV - 1] HP\
HPV 16 HP\
HPV I8 HP\
MRC 5 MR(
ddH>O ddH~0O
X174 l OX
AW LLMN-E3 S}
SG/L LMIJ-F3 CW |
SG/F-F3 W- E3
SG/AC-F3 RC |
BS F3 SG/P |

gel origins

Ethidium bromide staining of PCR followed by agarose gel,
with positive controls (HPV types 6,11,16 and 18), nega-
tive controls (MRC-5 and ddH2O}, molecular weight marker
$X174 (¢$X174 DNA cut with Hae III enzyme) and specimens
of DNA from patient F3. Abbreviations for the specimen
descriptions:

SG = Superglue specimenBS = buccal smear

AW = specimen taken from CS = cervical scrape
acetowhite area CW = cervical wart

LLMN = left labium minus W = external wart

LLMJ = left labium majus RC = rectal cytobrush

F = fourchette P = perianal

C = ¢glitoris

Positive result seen for HPV controls, superglue speci-
mens from the fourchette and perianal area, as well as an
acetowhite area on the left labium minus. Cervical
scrape, cervical wart and vulval wart specimens also
contain HPV DNA.



SG,/G-M3
SG/LLMIJ-F5

SG/RLMJ-F5
G/S-M2
SG/RLMIJ-FI

SG/LLMIJ-FI
DX174

SG/SH-M5
SG/G-MS5
SG/LLMIJ-F7
SG/RLMJ-F7
SG/P-F7
SG,/P-M1

Figure 13

Southern blot - multifocal study

SG/ F-FI2
. SG/F-F2
SG/F-F7
SG,/F-F5
SG,/ SH-MI
SG,/S-MI
FX174
ddH,0
MRC-5
HPV -18
HPV-I6
HPV-11
HPV -6

Hybridisation of PCR products with HPV type 1l-specific
probe on nylon membrane following Southern blot. Abbrevi-

ations as for Figure 12, and:

RIMJ = right labium majus

G = glans
S = Beérotum
SH = shaft

Positive result seen for HPV type 11 control,

in addition

to superglue specimen from the scrotum of patient M2 and
the fourchette of patient F2.
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4.2 HPV in biopsy specimens

Biopsies were taken from warts and acetowhite areas in
women (Table 19) but only from warts in men. HPV DNA was
detected in 5 (83%) of 6 biopsy specimens, with histolog-
ical evidence of HPV infection, from women (Tables 17 and
19) and in 7 (78%) of 9 from men (Table 20). None of 4
biopsies of acetowhite areas in the women contained HPV
DNA, nor did the biopsy of the skin tag (Table 19). Two
(25%) of 8 cervical biopsies contained HPV DNA, of which

one was histologically abnormal (Tables 17 and 19).

4.3 HPV in non-biopsy specimens

In women (Table 1%), HPV DNA was detected in the follow-
ing specimens: 4 (36%) of 11 cervical scrapes, 2 (25%)
of 8 from the urethra, 3 (37%) of 8 from the wvagina, 2

(33%) of 6 from the rectum and 0 of 5 buccal scrapes.
Both cytologically abnormal cervices (Table 17) contained
HTFFV DNA.

In men (Table 20), HPV DNA was detected in the following
specimens: 3 (37%) of 8 from the urethra, 1 (12%) of 8
from the rectum and 0 of 5 buucal scrapes.

None of the serum samples (taken from all 9 men and 6

of the ¢ women) contained HPV DNA.

4.4 HPV in "Superglue" (SG) specimens

Forty SG samples were taken from women (Table 21) and 41
from men (Table 20). Thirty-seven (92%) of those from

women and 18 (44%) of those from men contained the {3-
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globin gene. Of the samples containing the R-globin
gene, 18 (49%) from women and 2 (50%) from men contained
HPV DNA, detection rates which compare favourably with
those of non-biopsy procedures.

Of SG samples from acetowhite areas, HPV DNA was de-
tected in those from the labia of 4 of 5 women (Tables 17
and 21) and in those from the glans of 2 of 4 men (Tables
18 and 20).

Of the 6 men with shaft warts (Table 18), HPV DNA was
detected in the shaft SG specimens of 4 of the 5 men
whose shaft SG wart specimens contained the f-globin gene
(Table 20). 8Similarly, HPV DNA was detected 1in the
fourchette SG samples from all 3 women with fourchette

warts who had this sample taken (Tables 17 and 21).

4.5 HPV in relation to sample site and time of sampling

Of the 12 possible sites in women (Tables 19 and 21)
from which samples could have been taken on each occa-
sion, 0-8 (mean 2.8) contained HPV DNA. Of the 8 possible
sites in men (Table 20) from which samples could have
been taken on each occasion, 1-5 (mean 1.25) contained
HPV DNA.

Of the 8 patients from whom samples were taken on more
than one occasion (Tables 19-21), 5 had HPV DNA detected
in fewer sites and 2 in more sites than when first seen.
In one patient, the number of sites in which HPV DNA was

detected initially increased, but then decreased.
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4.6 Types of HPV detected

Of the 56 samples in which HPV DNA was detected, 23 (41%)
had evidence of infection with a single type, 27 (48%)
with multiple types and 6 (11%) with undetermined types
(Tables 18-21).

The distribution of HPV types in the various categories
of specimens from women and men is shown in Table 22. HPV
types 6 and 11 were found most frequently in the majority
of specimen categories. However, the other types sought
were found predominantly in the non-biopsy and SG speci-
men categories.

Samples taken from different sites of the same patient
frequently contained the same HPV type. This is illus-
trated by samples from patients F4 and M4, the majority
of which contained HPV type 6. However, in patients in
whom multiple HPV tyues were detected, not all the types

were found in each specimen.

2.7 HPV in pairs of partners

Partner pairs F1-M3, F2-M8 and F3-M2 had HPV types in

common. Partner pair F7-MS9 did not (Tables 19-21).
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Abbreviations used on Tables 17 - 22

Pt = patient code

§ - partner in the study as indicated

ns = no specimen obtained

NAD = no histological or cytological abnormality detected

wart = histological changes cof condylomatous wart virus infection
¥ - clinical status of partner as reported by study patient
CIN 1 = cervical intraepithelial neoplasia grade 1

WVI = histological changes of non condylomatous HPV infection
bdline = borderline mild dyskaryosis

keil = koilocytic atypia

Time = duration in months since first sample taken

neg = HPV types 6,11,16,18,31 and 33 not detected

¥ e biopsy from clinically apparent wart

+ = specimen contained HPV of types other than those tested for
" = Rf-globin gene not detected

- = no specimen of this type detected
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Table 17 Clinical, histological and cvtological details
female patients in multifocal study
Histological or
cvtological changes in
Pr Sites of Sites of Status Vulval Cervical Cervical
visible acetowhite of biopsy biopsy scrape
warts chanage partner
F1l none cervix warts {M3)§ ns NAD ns
F2 fourchette cervix warts (MS)§ ns ns NAD
F3 fourchette labkia warts (M2)§ wart CIN 1 ns
cervix WVI
F4 fourchette cervix wartsy wart NAD bdline
cervix labia
F5 fourchette labia no warts? ns koil bdline
cervix cervix
Fé none cervix no warts¥ skin WVI NAD
tag
F7 neone labia no warts (M9)S ns ns NAD
F8 none labia wartsY WvI ns NAD
F9 fourchette labia no warts® wart ns NAD
labia
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Table 18 Clinical and histclogical details of male patients
in multifocal study

Pt Sites of Sites of Status Hist gical
visible acetowhite of changes in
warts change partner skin biopsv
M1 shaft none cervical dysplasia¥ ns
M2 shaft glans warts (F3)% ns
inguinal
M3 shaft glans no warts (F1)% wart
M4 meatus glans no warts® wart
glans
MS shaft none no warts® wart
inguinal
M6 corona corona warts¥ wart
M7 shaft glans warts¥ wart
glans
M8 shaft glans warts (F2}§ wart
M9 glans glans no warts (F7)5 wart
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Table 19 HPV DNA in biopsv and non-biopsy specimens from
women in multifocal study in relation to tvves of

specimens and times at which taken

HPV DNA in sites and tvpes of specimen indicated

Pt Time Vulval Cervical Cervical Urethral Vaginal Rectal Buccal
biopsvy biopsy scrape loop wash swab scrape

F1l 0 neg 6 ns neg neg neg neg
4 neg neg neg neg neg ns ns

12 ns ns neg ns neg ns ns

F2 o 6,11,31% ns ns ns ns ns neg
3 ns neg neg ns 18531 6,11 ns

F3 0 6,11" ns 6,11,33 6,11,33 ns ns ns
2 5,11" 6,11* neg ns ns ns neg

F4 0 6" neg* 5 6 + 6 neg
FS 0 neg* neg"r 6 neg ns ns ns
F6 0 neg ns neg neg neg neg ns
F7 0 neg ns - neg 16 ns neg
F8 0] neg neg neg ns ns neg ns
F9 0 6,11* neg neg neg neg neg ns
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Table 20 HPV DNA in bicpsy, non-bicpsy and SG specimens

from men in multifocal study in relation to tvpes of
specimens and times at which taken

HPV DNA in sites and tcvpes of specimen indicated

SG specimens from

Pt Time Biopsy Urethra Rectal Buccal Glans Shaft Scrotum Anus

loop swab scrape
M1 0 ns ns ns ns R~ z" ns neg
7 ns ns ns neg 2" 18 neg B
M2 0 ns ns neg neg i " 6,11,18 i
4 &1 6 neg ns neg ns ns ns
M3 0 neg ns ns neqg neg 18 ns ns
4 ns neg neg ns neg neg 3" ns
M4 0 6,1t 6,131,336 &,11 ns 6,11 + ns B~
3 ns ns ns ns neg i Ic B
M5 (0] 6 neg neg ns 18 6 ns ns
M6 0 6 neg neqg neg 6,31 B ns ns
M7 0 ns ns ns ns B B” ns ns
1 6,33 5 neg ns ns ns ns ns
2 611 ns ns ns ns ns ns ns
3 ns ns ns ns B~ neg i I
M8 O neg neg neg ns i 18 ns neg
M9 O 5 neg ns neg 3~ 3" i R

142



Table 21 HPV DNA findings SG specimens from women
in multifocal study in relation to types of specimens

and times at which taken

HPV DNA in SG specimens from

Bt Time Left Right Fourchette Clitoris Anus
labia labia
F1 0 neg neg ns ns neqg
4 + 18 ns ns +
12 neg neg neg ns neg
F2 0 6,11,33 33 6,11,33 ns 138,33
4 6 neg neg - ns
F3 0 6:11,,28,33 ns ns ns 6,11
2 neg neg - neg ns
F4 0 6,11 6,16,18 ns ns 6,11,18
FS 0 6 neqg 6 ns ns
Fé6 0 ns B neg neg ns
F7 0 neg neg neg ns neg
F8 0 ns ns ns ns ns
F9 0 6,11 o 11 ns ns
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Table 22 HPV type in relation to tvpes of specimens

in multifocal study

Number of times (%) HPV of specified tvpe

in given sample tvpe
Wemen Men

HPV Vulval Cervical Non - SG Wart Non- SG
type bicpsv biopsy biocpsy iops

6 5(50) 2(67) 7(41) 11(34) 7(64) 4(57) 4(31)
Tl 4(40) 1(33) 3(17) 8(24) 3(27) 2(29) 2(15.5)
16 - - 1(6) 1(3) = 1(14) =
18 - = 1(6) 5(15) = 4 5{38.5)
31 1(10) = 1(6) = - = 1L{7.5)
33 - = 2(12) 5(15) 1(9) = =
+ = E 2(12) 3(9) = = 1 (7.5)
>1 type 4(80) 1(50) 4(36) 9(50) 4(57) 2(50) 3(33)
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5. COMPARISON OF FINDINGS FROM DIFFERENT STUDY GROUPS

The HPV findings from the biopsy, urethral swab and urine
specimens of men with dermatoses not typically associated
HPV infection, men with resistant anogenital warts and
men with urethral gonorrhoea were compared (Tables 23-

27) .

S.1 Detection of HPV in different sample sites

There was little difference in the detection rate cof HPV
DNA in urethral swab and urine specimens between men
with dermatoses not typically associated with HPV infec-
tion, men with resistant anogenital warts and men with
urethral gonorrhoea (Table 23).

Concerning biopsy specimens, HPV 18 was the most common
type detected in men with genital dermatoses and types 6
and 11 the most common in men with resistant anogenital
warts (Table 24). Eighty-one percent of all biopsy speci-
mens contained HPV types 6 or 11 and 16% contained types
16 or 18. In contrast, only 45% of urethral swab speci-
mens contained HPV types 6 or 11, whereas 39% contained
HPV types 16 or 18. Thus, in all three studies the "high-
risk" HPV types were disproportionately more common in
urethral swab and urine specimens than in those found in

biopsy specimens (Tables 25 and 26).



5.2 Association between HPV detected and patient details

Demographic and possible risk factor details of the men
in the genital dermatoses, resistant anogenital warts and
urethral gonorrhoea studies were analysed. The mean age
of the men in all 3 combined studies was 30 years.

Biopsy specimens were taken from men in the genital
dermatoses and resistant anogenital warts studies.
Combining the data from these two studies, HPV DNA was
detected in 75 (56%) of 135 heterosexual men compared to
61 (80%) of 76 bisexual or homosexual men and 98 (76%) of
128 men less than 30 years old compared to 43 (49%) of 88
men aged 30 years or older.

Demographic data were available from the men with
penile dermatoses or urethral gonorrhoea. The combined
data from these two studies (Table 27) deo not convincing-
ly demonstrate evidence of sexual transmissicn, that is,
there was no clear association between the detection of
HPV DNA and age, number of lifetime sexual partners and

claimed condom use.
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Table 23 HPV in relation to specimens taken and study group

No. (%) with HPV detected in
given study group

Specimen category Other Resistant Gonorr-
dermatoses warts hoea
(n=66) (n=116) (n=100)

Urine or urethral 12 (18) 23 (20) 25 (25)

swab sgpecimen

Biopsy, urethral 19 (29) 113 97} 25f

swab or urine specimen

*dermatoses not typically associated with HPV infection

fbiopsies not taken from men with urethral gonorrhoea
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Table 24 HPV in biopsy specimens in relation to study group

No. (%) of biopsies from
specified study group positive
for indicated HPV type

HPV type Other , Resistant Gonorr-
dermatoses warts hoea
(n=66) (n=116) (n=0)
Any HPV 12 (18) 1120 (97 =
6 1 {1.5) 95 (82) -
11 s (8) 92 (79) =
16 1 (1.5) 10 (9) =
18 8 (12) 20 (17) =
31 2 (3) 1 (1) -
33 0 3 (3) -
>1 HPV type 4 (8) 84 (72) =

*dermatoses not typically associated with HPV infection
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Table 25 HPV in urethral swab specimens in relation to
stud ro

No. (%) of urethral swab specimens
from specified study group
positive for indicated HPV type

HPV type Other , Resistant Gonorr-

dermatoses warts hoea
(n=55) (n=116) (n=100)
Any HPV 13 (24) 22 (19} 18 (18)
6 2 (4) 9 (8) S (5)

11 5 (9) 10 (9) 8 (8)

16 I (2) 8 (7) 6 (6)

18 6 (11) 6 (s) 7 (T}

31 3 (8) 2 (2) 2 (2)

33 2 (4) 2 (2) 2 (2)

>1 HPV type 6 (11) 8 (7) 8 (8)

*dermatoses not typically associated with HPV infection
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Table 26 HPV in urine specimens in relation to study group

No. (%) of urine specimens
from specified study group
pesitive for indicated HPV type

HPV type Other = Resistant Gonorr-
dermatoses warts hoea
(n=39) (n=16) (n=88)
Any HPV 5 (13) 1 (6) 11 (13)
6 1 (3) 0 3 (3)
11 1 (3) 0 6 (7)
16 1 131 0 6 (7)
18 2 (5) 0 2 (2)
3l 0 0 0
33 1 (3) 0 0
>1 HPV type L {3) 1 (6) 3 (3
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Table 27 HPV in different specimens in relation to possible
risk factors of men with genital dermatoses or

urethral gonorrhoea

. * .
Proportion (percentage) of specimens of

indicated

specimen type positive for HPV

Possible Urethral swab -Urethral Urine

risk factors or urine swab

5<30 years old  47,,45 (24) 42197 (21) 11,500 (11)
5230 years old 24,45 (23) 19 /104 (18) 7763 (11)
SHeterosexual 52/143 (38) 44/198 (22) 14/126 (11)
SBi/homosexual  19,gg (19) 16 /9g (16) 437 (11)
Nen-Caucasian 28/89 (31) 19/82 (23) 7/71 (10)
220 partners 21 /44 (27) 18 /97 (23) 7/59 (12)
<20 partners 21 /gg (24) 18 /95 (19) 877 (10)
Cﬂ sometimes used 31/99 (31) 25/98 (26) ll/81 (14)

(:1l always used 5/23 (22) 4 /93 (17) 2/1¢ (13)
Smoker 30,99 (30) 22 /94 (21) 8,75 (11)
Non-smoker 20 /gq (25) 14 /79 (18) 9,67 (13)

* : 3 ; i
proportion for each possible risk factor: number of men with

that specimen type containing HPV DNA,

axpressed as a proportion

of all men with that risk factor and whose HPV status for that

specimen type was
g‘ condcms

known.

data also includes men with resistant anogenital warts
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1. Introduction

The detection rate of HPV DNA may depend on the popula-
tion studied and careful selection and definition of the

1121. In

study population characteristics are essentia
prevalence studies it 1is important to assess rates of
infection in as wide a range of the population as possi-
ble, yet the unpleasant nature of some of the sampling
methods, coupled with assocciated ethical considerations
limit the accessibility of much of the population. The
four studies included in this thesis were designed in an
attempt to obtain as wide a perspective of the epidemiol-
ogy of anogenital HPV infection as possible.

Men with clinical indications for genital biopsy were
chosen in the genital dermatosis study, not in the belief
that they represented the general male community, but
that they would do so more closely than patients with
"conventional" STDs. Although recruited from a department
of genitourinary medicine, the men were unusual for this
source 1in that they were generally older, had fewer
lifetime sexual partners, and did not have any clinically
apparent STD at the time of biopsy. Men with genital
dermatoses require biopsy procedures for full investiga-
tion, and tissue samples thus obtained have been studied

360. It was there-

extensively in other clinical settings
fore anticipated that men who did not have conventional
STDs, yet in whom biopsy material was available, would

provide a useful group in which to study HPV infection.
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Biopsy specimens were obtained from a wide variety of
sites from the male genitalia and many of these specimens
had histopathological features which were not typically
associated with HPV infection. Furthermore, it has been
shown>3? that the range of histopathological diagnoses
seen in such a clinic is broadly similar to that seen in
dermatology and urclogy departments. A large amount of
information concerning possible risk factors for the
acquisition of HPV infection was collected from this
group of men and compared to the presence of HPV in
biopsy, urethral swab and urine specimens. In this man-
ner, it was intended to investigate the incidence of
infection with FPV in relation to demographic factors and
to compare the results of different sampling techniques.
Increasing evidence suggests that HPV infection of the

o
emale anogenital tract 1is multifocal3®?. Less is known

i

of the distribution of HPVs in men. On the assumption
that men with extensive AGW would be likely to have a
large wviral load, men attending a clinic for ablative
treatment of anogenital warts were studied. Such a group
had the additional advantage that tissue removed as part
of treatment could be analysed for the presence of HPV,
and the results compared to those obtained from samples
from different sites of the same men.

The results of several studiesl18:221.223-5 naye shown
that 20%118 to 32%22% of men presenting to genitourinary
clinics with genital warts have evidence of at least one
other STD. In particular, the incidence of gonorrhoea in

such men varies from 0%225 to 9.9%22%  These studies
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rely on the clinical identification of condylomata acumi-
nata, and the question of how often men with gonorrhoea
are infected with HPV has not been previously addressed.
Men with gonorrhoea were therefore studied in an attempt
to shed some light on the sexual transmissibility of HPV
infections. In addition, it was postulated that the
presence of a wurethral discharge might increase the
diagnostic yield for HPV in urethral swab specimens.

To further investigate the nature of multifocal anogen-
ital HPV infection, to determine any change of infection
with time, and to evaluate infectivity of HPV infection,
a small group of patients and their partners was sampled
extensively over a period of several months. Different
sampling methods could be compared, and a novel technique

(the "Superglue" (SG) method) investigated.

2. Methods used in the studies

Wide variations in reported prevalence rates of genital
HPV infections may be related, at least in part, to the
use of different methods of obtaining and  preparing
sample5184, as well as the use of different techniques
for the detection of HPV. The most common method for
screening for the presence of infection with HPV 1is by
clinical examination. As already discussed, this detects
only a minority of anogenital HPV infections. Colposcopy,
with the aid of acetic acid staining, detects more cases,
but, particularly when applied to areas other than the

83,143 90,93 /897

cervix, 1s neither sensitive nor specific

for the detection of HPV infection.



2.1 Biopsy

92 365-6

Biopsy of the cervix and wvulva are well-estab-

lished in clinical practice and widely performed. Less is
known about the cutaneous pathology of the penisl4l’164.
Although men may be reluctant to undergo penile biopsysz,
in experienced hands the refusal rate is low®3 and the

359

method safe In particular, men with persisting geni-

tal dermatoses are willing to undergcoc the procedure in

359

order to establish the diagnosis Punch biopsies are

commonly used for obtaining specimens from the wvulva, and

have also been use in men97'103, but the skin snip tech-

359 was used in these studies as it was found to be

nigque
technically easier and produced satisfactory samples with
good subsequent healing.

Skin biopsy provides a sample which includes the lower
epidermis, an area which is difficult to access by other
sampling techniques, yet is the site of productive infec-
tion with #Pv30. The biopsy procedure also has the advan-
tage of allowing the assessment, 1in a standardised
fashion360, of histopathological changes which might be
associated with the presence of HPV. However, the taking
of biopsies only permits the detection of abnormalities
in a small area and thus may lead to an underestimation
of the infection rate. A negative result thus does not

necessarily exclude infection. Furthermore, tissue sent

for HPV studies is not exactly the same as that sent for
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histopathological review, but rather an immediately
adjacent sample, thus introducing a potentially signifi-

cant sampling error>’.

2.2 Cytology

There are well defined criteria for the cytological

367

assessment of cervical scrape specimens Attempts to

extend these criteria for the detection of HPV in ure-

79,151,168 and urine

thral swab specimens
specimensl37'159'60 have been unsatisfactory. In addi-
tion, smears from keratinising squamous epithelia are
usually scanty, contain only anucleate squames, and are
difficult or impossible to assess cytologicallysz.
Epithelial cells, however, are easily removed from the
urethra, a principle which is well established in diag-

nosing urethritis in the male. Urethral swabs designed

for the detection of C. trachomatis and the 10ul "blue

loop" routinely used for the investigation of urethritis
in the male were initially chosen for the studies, as
they have been found previously to be both acceptable to
patients and effective in sampling the urethral epitheli-
um for urogenital pathogens. Initial analysis of urethral
specimens by Southern blotting showed that more DNA was
present in the swab specimens than in those obtained by
the loop method. It was on the basis of this finding that
swab samples alone were taken from the rest of the men.
However, when both loop and swab samples were taken from
the same patient, 5 of the 6 patients whose swabs con-

tained HPV DNA also had HPV DNA-positive loop specimens.
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Furthermore, HPV DNA was detected in 5 loop samples but
not in the corresponding swab. Use of the loop would,
therefore, seem to be more sensitive for the detection of
urethral HPV infection than that of the swab. It is
possible that the use of brushes83:85,136 may have al-
lowed the collection of specimens from the urethra with
more HPV, but this procedure was found to be unacceptable
to the patients and resulted in the production of a
sterile urethritis (personal observations). Similarly,
it was found that vigorously scraping the entire penile
skin, including the foreskin and glans with a plastic

85 or cytological brushl9? was also unacceptable.

spatula
Furthermore, it has recently been established??? that
urethral swabs are as effective as abradirig the preputial

area in the detection of infection with HPV.
2.3 Superglue method

The SG technique has been used to assess changes in the

368 In this study, the SG technique was

stratum corneum
chosen as it allowed the sampling of the skin surface
with minimal trauma. Not only is this process more ac-
ceptable to patients than formal biopsy, but it also
allows the monitoring of HPV-induced changes without
inducing the brisk inflammatory response associated with
biopsy. Inflammatory responses may alter the natural
history of HPV infection3®? and thus the SG technique was
proposed as a means of assessing the natural history of

HPV infection which would only marginally affect the

process which it was designed to measure. Although the



number of cells harvested by this technique is small, the
use of the PCR for the detection of the human R-globin

gene allowed confirmation of the presence of human cells.

2.4 Other sampling techniques

HPV has been found 1in cervical scrapeszlo, urethral
specimens from women370, urine161'3, vaginal
sample5247'371, rectal swabs372, buccal scrapesl29 and

serum samplesBOB. All these specimens, as well as SG
samples, were included in the multifocal study in order
to investigate the widespread nature of anogenital HPV

infections.

2.5 Laboratory methods

The PCR and Southern blotting were used to detect HPV
DNA, as these methods are highly sensitive and
specific33, allowing the detection of very few viral
particles. Consensus primers from the L1 area of the HPV
genome were used to direct the amplification of DNA
sequences common to many HPV types. The typing of the
HPVs was then dependent upon the subsequent hybridisation
with specific probes. The extreme sensitivity of the
methods used meant that sample size could be small and
genital trauma minimised. As great care was taken during
the collection of clinical material, and both positive
and negative controls were used at all stages of analysis
of the specimens, the results are thought to reflect the
true occurrence of HPV in the specimens, rather than

contamination.
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3. Genital dermatosis study

Biopsies from a wide variecy of sites from the male
genitalia were obtained, many of which had histopatholog-
ical features which were not typically associated with
HPV infection. Fﬁrthermore,-it has been shown=°>2 that
the range of histopathological diagnoses seen in the
penile dermatosis clinic is broadly similar to that seen
in dermatology and urology departments.

A large amount of information concerning possible risk
factors for the acquisition of HPV infection was collect-
ed from this group of men and compared to the presence of
HPV in biopsy, urethral swab and urine specimens. The
median number of sexual partners is given, as there was a
small number of men claiming a very large number of
sexual partners, and it was thus thought that the arith-
metic mean would be unrepresentative. HPV DNA was more
commonly found in all specimen types from men with larger
numbers of lifetime sexual partners. Although less
convincing, HPV DNA was also more commonly found in men
less than 35 years old and in those who did not use
condoms . These observations are consistent with sexual
transmission. The detection of HPV DNA more commenly in
smokers that in non-smokers is consistent with the find-

205 3nd occult anogenital HPV

ing of condylomata acuminata
infection more commonly in smokers, although differing
sexual practices between smokers and non-smokers may

contribute to this phenomenon. Furthermore, the observa-



tion that HPV was more commonly detected in men with a
history of anogenital warts than those without, is com-
patible with the concept of latent infection and is
consistent with the findings of othersl®l. The lower
incidence of HPV DNA in biopsies from homosexual and
bisexual men compared to heterosexual men contrasts with
the converse 1in wurethral swab and urine specimens.
Sexual orientation has been shown by others®? to influ-
ence the epidemiology of genitotropic HPV infection. On
the basis of these observations it is therefore tempting
to speculate that the differing sexual practices may
influence the epidemiology of anogenital HPV infection.
The observation that HPV DNA was found in approximately
similar croportions of biopsies from whatever site of the
male genitalia, and regardless of whether the patient was
circumcised, confirms the widespread distribution of HPV
infection in men. Disruption of skin integrity may
promote infection with HPV at sites of genital derma-
toses. On the basis of this evidence, however, the
possibility of a uniform distribution of HPV DNA through-
out the intact male genital tract cannot be excluded.
Such a distribution would contrast with the occurrence of
condylomata acuminata at specific sites, frequently those
traumatised during intercourse3, and suggests that fac-
tors other than the presence of HPV DNA may alsc be
involved in the development of clinically apparent dis-
ease.
HPV DNA was found in only 32% of genital warts in this

group of men, possibly reflecting the unusual sample of
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warts. Only genital lesions which were clinically atypi-
cal were referred for biopsy, so that classical condylo-
mata acuminata were not seen. It is thus possible that
this sample of warts may have contained a large propor-
tion of warts caused by non-genitotropic HPV types.
However, the observation that HPV types 6 and 11 were the
most common 1in biopsies with histological evidence of
warty change is consistent with previous :report559'134.
Furthermore, the detection of HPV type 16 in the majority
of biopsy specimens with histological evidence of dyspla-
sia is in agreement with the findings of others’7/95,
Eighteen percent of biopsy specimens with no histologi-
cal evidence of warts or dysplasia contained HPV DNA.
This 1s contrary to the observations of other groups
investigating the male urogenital tract, who have not
been able to find HPV DNA in biocpsy specimens that did
not have histological evidence of warts or

525 55112097, ¢

dysplasia is, however, 1in agreement

with reports of others who have investigated the male
99

genital tract Furthermore, as we have seen, DNA from

the genitotropic HPV types has been detected in the

absence of histological abnormalities in the cervix184,
neonatal foreskin232, the oropharynxlg3 and
conjunctiva54. The predominance of HPV type 18 in biopsy

specimens with no histological evidence of warts or
neoplasia is difficult to explain. It would seem unlike-
ly that this HPV type is involved in the pathogenesis of
such a wide range of conditions. Perhaps the disrupted

epithelial structure associated with the underlying



dermatoclogical condition might facilitate the entry of
the HPV into the basal layers of the epithelium and thus
permit the replication of the HPV. Alternatively HPV
type 18 might be a passive contaminant from other parts
of the body, a recent sexual contact, or an inanimate
object304.

The detection of HPV DNA in 25% of urethral swab speci-
mens 1is 1in broad agreement with the findings of
othersl>1,373, Contrary to what had been expected, HPV
DNA was found less frequently in the urethral swab and
urine specimens from men with histological evidence of
HPV infection or dysplasia than in those from men with no
such changes (Table 5). This suggests that the relation-
ship between urethral HPV infection and clinically appar-
ent warts might be a complex one, and the matter was
further investigated in the study of men with resistant
anogenital warts. The finding of HPV DNA in 10% of urine
specimens, none of which was from men with histopatholog-
ical changes of warts, suggests that the epidemiology of
HPV in urine might also not be straightforward.

As large numbers of each specimen type were taken from
the men in this study, the opportunity was taken to
compare the detection of HPV in biopsy, urethral swab and
urine specimen types (Table §). The correlation between
the presence or absence of HPV DNA and type of specimen
was found to be generally poor. Furthermore, there was
no discernible relationship between HPV types found in
the different specimens from the same man (Table. 2).

It was not surprising tc have found HPV types 6 and 11



most commonly in biopsy specimens with histological
changes of HPV infection (Table 2). It was surprising,
however, to have found "high risk" types proportionally
more often in urethral swab and urine specimens (Table
5). These observations suggest that the three different
sampling methods may measure distinctly different aspects
of the epidemiology of HPV infection in the urogenital

tracts of men.

4, Men with resistant anogenital warts

This group of men was chosen on the assumption that they
would be infected with large quantities of HPV. It was
proposed, therefore, that study of these men might pro-
vide an insight into the distribution of HPV in those
with extensive, clinically apparent HPV infection. In
particular, it was hoped that further information would
be gained about HPV infection of the wurethra and its
relation with clinical disease. Fewer demographic de-
tails were collected from this group of men compared to
the studies of men with genital dermatocses and men with
gonorrhoea.

The finding of HPV DNA in 96.6% of wart specimens in
this study is consistent with the 69%°2 to 100%13% found
in other studies. The small proportion of warts without
detectable HPV DNA presumably represents infection with
HPV types not tested for, small quantities of wviral DNA,
or inadequate extraction of DNA from the samples.

Twenty-five men had HPV DNA detected in their urethras
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and a further one man had HPV DNA in his urine. Thus,
overall, there was evidence of genito-urinary tract
infection with HPV in 26 (22.4%) of the men. This com-

374 in which HPV DNA was sought in

pares with one study
the urethra using a cytological brush to remove cells and
Southern blotting to determine the HPV type; 25 (33%) of
75 men with genital warts were HPV-positive in the ure-
thra and 9 (36%) of these 25 men had HPV types 16, 18 or
31. Wikstrdém et g;loo, using the PCR in combination with
the dot blot method, found that 46 (89%) of 52 men with
anogenital warts had HPV DNA in their urethras. IE is
unclear whether this reflects a true difference in the
epidemioclogy of HPV between the populations studied, or
methodological differences.

The sample of men chosen in this study was unusual,
containing a large proportion of homosexual men with
perianal warts which had been present for some considera-
ble time. As newer warts contain more viral particles

369, it 1s possible that the urethral

than older ones
carriage rate would have been greater if a larger propor-
tion of men with newly developed warts had been examined.
Furthermore, urethral carriage was more common when warts
were visible near the meatus, and the preponderance of
men in this study with perianal warts may have led to a
further underestimation of the typical carriage rate. It
is noteworthy that the association of urethral HPV DNA
carriage with proximity of clinically apparent warts to

the meatus occurs with HPV types 6 and 11, but not with

the other types considered (Table 12). The data from
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this study suggest that types 16, 18, 31 and 33 may be
true colonisers of the urethra, whereas types 6 and 11
may be occurring in the urethra as a result of contamina-
tion from adjacent warts.

A large number of warts were apparently infected with
multiple HPV types. It is possible that this observation
arose as a consequence of large amcunts of HPV DNA in the
wart specimens causing cross hybridisation. However, it
is hoped that the rigorous experimental conditions used
make this an unlikely explanation.

Fifteen percent of the HPV types detected in wacrt
specimens were of the "high-risk" types, that is HPV 16,
18, 31 and 33. In comparison, 49% of the HPV types from
urethral swab specimens and 54% of those from urethral
loop specimens were "high-risk" (Table 10). These find-
ings are thus in agreement, therefore, with those £from
men with genital dermatoses.

About half the men had one or more HPV types in the
urethra that were 1in common with those in the warts,
again suggesting that wurethral HPV infection 1is not
simply an extension of infection of the external genita-

lia.

S. Men with urethral gonorrhoea

In addition to allowing the assessment of urethral car-
riage of HPV in men whose lifestyles have put them at
risk of acquiring a STD, it was postulated that the
presence of a urethral discharge might increase the

diagnostic yield for HPV in urethral swab specimens.
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The detection of HPV DNA in the genito-urinary tracts
of 25% of men with urethral gonorrhoea compares with the
finding of HPV DNA in the genital tracts of 20% of men
attending a STD clinic in the UK>75 and the Usa37f® with-
out evidence of condylomata acuminata but with HPV DNA
detectable 1in genital swabs. One other group of work-
erst®0 found HPV DNA in 191 (84%) of 228 men attending a
Swedish STD clinic. The validity of this latter result
has yet to be confirmed, the authors accepting that they
may have overestimated the incidence.

There was a larger proportion of men in this study of
Afro-Caribbean and African origins compared to those seen
in the other studies. This is may be due, at least in
part, to the fact that approximately half the men were
recruited from the Central Middlesex Hospital, which
serves a predominantly black community.

The lack of correlaticn between the presence of HPV DNA
and the number of life-time sexual partners of the men
seen in this study argues against sexual transmission, as
does the reported condom usage, although the reliability
of such reported behaviour is open to question. Further-
more, the finding that a greater proportion of heterosex-
ual men than homosexual or bisexual men had HPV in their
urethral swab and urine specimens is in contrast to the
findings in men with genital dermatoses.

HPV DNA was detected in 12.5% of urine specimens from
men with gonorrhoea and, overall, evidence of genito-
urinary infection with HPV was found in 25 (25%) of the

men. As only 88% of the men had urine specimens taken,



it 1is 1likely that the genito-urinary infection rate was
even higher. Furthermore, as we have seen, it is possi-
ble that some of these men could have had HPV in their
external genital skin, even though none of them had
clinically apparent warts at the time of sampling.
Fifty-seven percent of the HPV types detected in ure-
thral swab specimens and 47% of those in urine specimens
were "high-risk" types (Table 14). These observations
are, therefore, consistent with those from the studies of
men with genital dermatoses and men with resistant ano-

genital warts.

6. Multifocal Study

This study is different from the other three studies, in
that while only 18 patients took part, they were willing
to undergo sampling from multiple sites, often on several
occasions. It was thus hoped to obtain information
concerning the behaviour of HPV infection in individuals
rather than in populations.

The detection of HPV DNA in 11 (65%) of 17 biopsies
with histclogical evidence of HPV infection is consist-
ent with the findings of some>?, although lower than
those of othersl3%. Because it was possible to detect HPV
in a wide wvariety of other specimen types, it seems
unlikely that low sensitivity of the method is the expla-
nation. Infection with HPV types other than those tested
for is perhaps more likely, particularly in view of the
large number of specimens noted to have infection with

untyped HPVs.



The detection of HPV DNA in 12-36% of non-biopsy speci-
mens confirms the wvalue of obtaining these specimens.
Much work has been done on cervical scrapes, but, until
recently, few other specimen types had been assessed for
the presence of HPV DNA. In fact, the data in the cur-
rent study suggest that cervical scrapes are no more
likely to contain HPV DNA than other non-biopsy specimen
types.

The proportion of SG samples containing the f-globin
gene was much higher in women than in men. However,
there was no difference between men and women in the
proportion of R-globin-containing SG samples in which HPV
DNA was found. It is possible that this observation may
be related to the fact that the skin of the male external
genitalia is more cornified than the female counterpart.
The surface layers of cornified skin contain predominant-
ly anucleate squames which, therefore, do not contain the
B-globin gene. The ability to harvest infected cells by
the SG method was confirmed by the observation that SG
samples taken from areas with clinically apparent warts
contained HPV DNA in the majority of cases.

The presence of HPV DNA in fR-globin-containing SG
samples from areas which did not develop acetowhite
staining is consistent with the finding of HPV DNA in

175 Furthermore, it suggests

histologically normal skin
that staining with acetic acid may have limited value in
evaluating the extent of infection with HPV and treatment

strategies of anogenital HPV infections. It is possible

that areas without acetowhite changes, but with detect-
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able HPV DNA, may represent passive contamination of the
skin with HPV from another site of the patient, or from a
sexual partner, or they may represent infection of the
epithelium with HPV which has not produced sufficient
cellular changes to generate visible alterations follow-
ing the application of acetic acid. The failure to
detect HPV DNA ‘in four biopsies and in three of nine SG
samples from acetowhite areas 1is consistent with the
knowledge52 that not all acetowhite areas develop as a
result of infection with HPV. Furthermore, the £finding
of HPV DNA in only four of six f-globin-containing SG
samples from men with acetowhite areas of the glans is in

93 that acetowhite changes

agreement with the suggestion
of the glans may develop as a xresult of subclinical
balanitis not related to infection with HPV.

The persistence of HPV at various sample sites after
treatment is in accord with the finding of otherst?l that
treatment of clinical and histological abnormalities may
not necessarily result in the eradication of infection.
It is 1likely that persistent infection may explain, at
least in part, the high recurrence rate of warts regard-
dl?'?_

less of the treatment metho However, the occurrence

of common HPV types in sexual partners, as noted previ-
ouslySg, suggests that there may be an opportunity for
reinfection to also play a role in the persistence of
disease.

Eight percent of the HPV types detected in biopsy

specimens, 43% of those in non-biopsy specimens and 37%

of those in SG specimens were "high-risk" types (Table
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22] 5 Once again this illustrates that the epidemiology
of different HPV types varies with specimen type.

For a given patient, specific HPV types were frequently
found in common in the biopsy, non-biopsy and SG speci-
mens. This observation was also true for those who had
infections with multiple HPV types, which constituted a
large proportion of all infections in this study (Table

22) .

7. Implications of the findings

7.1 Methods

Consensus primers from the L1 component of the HPV genome
were used in the studies as these allowed the simultane-
ous amplification of several HPV types. The use of
primers in regions of the HPV genome which are retained
after integration, such as the transforming genes E6 and
£7377 would have possibly increased the number of speci-
mens 1n which HPV had been detected. However, the nu-
cleotide sequences of these genes are not sufficiently
conserved between HPV types to allow the reliable use of
consensus primers.

Southern blotting and PCR involve DNA extraction, and
thus do not localise HPV DNA within the tissue sample. A
positive HPV DNA signal might, therefore, arise from
contaminant DNA from a recent sexual contact. The devel-
opment of in situ pcr377-8 may be helpful in the future.
By assessing the amount of wvirus present, the use of

semi-quantitative pcr314 may also shed some light on the



epidemiology of HPV infections.

The clinical and bioclogical significance of the detec-
tion of small numbers of HPV genomes remains to be re-
solved. The number of HPV DNA copies within cancer cells
may vary from large to small, eg. Caski cells contain
approximately 400-500 copies of HPV 16/cell, whereas SiHa
cells contain 1-2 copies of HPV 16 per cell377. 1t would,
therefore, seem that a small number, perhaps even a
single copy of HPV DNA, is capable of contributing to the
neoplastic phenotype of a malignant cell if the wviral
genome 1is integrated in this way with the continued
expression of E6 and g7397 However, the presence of
infectious virions cannot be inferred as a result of

finding wviral DNA. Currently, we have no reliable in

vivo or in vitro technique for assessing the infectivity

L=

ygpvil Furthermore, it is currently very difficult

Fh

o
to cultivate HPV in vitrxo, a situation which renders the
screening of antiviral compounds problematical. Serology
may be helpful in wview of the multifocal and wvariable
clinical nature of HPV infections, but, as indicated
previously, much work needs to be done before this tech-
nigque can provide clinically useful data.

The insensitivity of acetic acid staining of the exter-
nal genitalia for the detection of HPV infection has been
confirmed by the Multifocal study. The general introduc-
tion of this technique for men would have significant
resource implications with no clearly established bene-
Fig234,239 Furthermore, the use of this method may

create unnecessary fear and anguish 1in potentially
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57

healthy individuals and enthusiastic calls for the

widespread use of colposcopy for areas other than the

80 should be resisted.

cervix

Urethral swab, urethral loop and urine specimens appear
to measure distinctly different aspects of the epidemiol-
ogy of HPV in the anogenital tract. Although only a
small number of urethral loop specimens were collected,
the evidence suggests that these produce a higher yield
of HPV from men than do urethral swab specimens. The
optimum circumstances for the collection of specimens
remain to be defined. For example, it 1is currently
unclear from where the HPVs in urine specimens originate
and it 1is possible that larger volumes of urinel®l or
early morning urines may produce greater yields of HPV.
In addition, different specimens from the same patient
not infrequently contained different HPV types. Further

studies are required to assess exactly what these speci-

mens are measuring.
7.2 Multifocal infection

Multifocal infection of the anogenital area is recognised

to occur in infection with N. _ gonorrhoeae, C. trachoma-

£ig372 and, most recently, apv370 Furthermore, a woman
with neoplasia in one area of her anogenital tract is

236, an observation

predisposed to neoplasia elsewhere
which is consistent with the proposed role for HPV infec-
tion in the development of ancgenital neoplasia. The

data from all four studies suggest that, if just one

sample had been taken, the occurrence of infection,
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including multiple infection, with HPV would have been
underestimated. To determine the true extent of anogeni-
tal HPV infections, multiple samples need to be taken,
possibly over several months. In particular, the fre-
quent use 1in studies of cervical scrape specimens to
assess the epidemiclogy of HPV infections has been seen
to be fundamentally flawed. The use of pooled specimens
from different parts of the genitalia may increase the
diagnostic yield of HPV infections375.

The "high-risk" HPV types were consistently more common
in urethral zpecimens than in wart specimens. Further-
more, HPV types 16, 18, 31 and 33 appear to be true
colonisers of the urethra, whereas the detection of HPV

types 6 and 11 in the urethra may be a rcsult of contami-

nation from adjacent warts.
7.3 Infection with multiple HPV types

Multiple infections with different HPV types have been
reported55'57f59’77'198, although this has been disputed
by others380. The use of full length genomic probes, high
stringency hybridisation conditions and positive controls
for all the HPV types, suggest that the results of the
current studies are indicative of true multiple infec-

tions, rather than cross-hybridisation.

7.4 Role of sexual activity in the acquisition of HPV

The data in the current studies indicate that sexual
activity may not be a major factor in the epidemiology of

anogenital HPV infections. They are, however, consistent



with the proposal that sexual transmission of HPV results
in the ubiquitous deposition and incorporation of the
virus in the squamous epithelium of the whole genital

£381  1n this wmodel, most HPV infections remain

trac
dormant and never come to clinical attention. Under the
influence of, as yet, poorly defined host factors, the
virus may propagate and cause clinical recognisable
epithelial alterations of wvarious types.

There is now a considerable body of information sug-
gesting genital-genital and ano-genital transmission of
HPV. Oro-genital transmission of HPV 1is presumed to
occur?8? and it has been postulated283 that recurrent
laryngeal papillomatosis in adults may result from oro-
genital contact. Direct evidence for oro-genital trans-
mission of HPV 1is, however, 1acking284. It is possible
that safer sex practices, particularly the wider practise
of oral sex may lead to a future epidemic of oral HPV-
associated lesions. Cutaneous warts and AGW can occur
simultaneously and it is therefore feasible that warts in
the ancgenital region might occasionally develop from

127 The roles of fomites, oral/hand

other cutaneous warts
contact and vertical transmission remain unclear.

The apparent lack of association between cervical
infection with HPV types 6, 11 ,16 or 18 and measures of
sexual behaviour reported in some studies has been at-
tributed?l> to misclassification of HPV status. Through a
series of empirical simulations that assumed different
levels of sensitivity and specificity for detection HPV

infection, Franco?l> showed how even low levels of mis-
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classification of HPV infection status could distort the
true relationship between HPV and measures of sexual
activity. It is difficult to assess whether these factors

have significantly affected the results in this thesis.
7.5 Role of HPV in neoplasia

HPV. type - 16 1is frequently found in dysplastic lesions

NS and penile carcinoma197, and a causal link

such as PI
has been postulated340. However, because HPV infection of
the male urogenital tract by "high-risk" HPV types is
widespread, any proposal to link infection by these types
with neoplasia must take the common occurrence into
account. Indeed, it provides a situation not dissimilar
from that encountered 1in establishing a causal 1link
between "high-risk" HPV types and cervical carcinoma3?
against a background of commenly occurring "high-risk"
types. The ubiquitous occurrence of many types of HPV has
been taken by some authors=82-3 a5 evidence against their
role in wmalignant transformation. However, the analogy
between the equal ubiquity of tobacco smoking and its
causal link with lung cancer suggests that a role for HPV
is still possible. Additional host cell modifications,
potentially mediated by endogenous as well as exogenous

factors, are presumably required for malignant conver-

sion to follow from infection with HPV--.
7.6 Concluding remarks

Reproducible, standard methods are needed for the deter-

mination of the presence of HPV. The data from the cur-
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rent studies suggest that sampling from a single site is
unlikely to be reliable, no matter what assay technique
is used. Careful selection of control groups is also
important. Given the marked site and species specificity,
it is possible that different HPV types may have differ-
ent epidemioclogies. Different types of HPV may be more
infectious than others, as suggested by the observation
that some types only seem to occur in immunosuppressed
subjects.

Prevalence studies for HPV infection are based on an
unknown mixture of new, persisting, recurrent and unde-
tected infection. The interval between infection and
detection of wviral DNA and of development cf clinical or
colposcopic lesions 1is unclear. Furthermore, it 1is not
known how long these lesions persist and how frequently
they recur. The relative infectivity of the different
stages of infection is likewise not known, although it is
often assumed that latent infection is less infectious
than condylomata acuminata, as intact viral particles are
not produced in latent disease.

The exact mode of entry of HPV into host cells is not
known. The molecular mechanisms for the induction of
proliferation or latency need to be defined furtherl88,
as do the means by which HPV apparently evades the immu-
nological surveillance mechanisms of the host. An impor-
tant aim of future work should be to try to develop
measures that can distinguish the HPV infected individu-
als who are at risk of their lesions progressing to

dysplastic lesions from those regressing without treat-
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ment. So far it seems that infection with HPV type 16 is
associated with a higher rate of progression than types
6, 11, 18. Currently, however, little is known of the
progression vrates of the more recently characterised
types.

Research into the epidemiology of HPV infections opens
up exciting new areas in molecular biology, immunology
and oncogenesis which could have ramifications through a
wide range of health care and human behaviour. However,
such studies need to be carefully designed to take ac-
count of the many difficulties inherent in HPV-related
research. Only by obtaining a clear understanding of the
epidemiology of anogenital HPV infections can we hope to
control this widespread and potentially dangercus condi-

tion.
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APPENDIX T

QUESTIONNAIRE - GENITAL DERMATOSIS STUDY

CLINIC NO

REFERRED BY:

COUNTRY OF ORIGIN

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

RACE white
caribbean
african
indo/pakistani
chinese
SGERBY i« v v ¢ o onossas s 8
CONDOMS never/ sometimes/ always
NO. OF LIFETIME SEX PARTNERS
(exact no. if poss.)
L
2-5
6-10
10-20
20-30
30-50
50-100
100-200
>200
unknown
PREVIQOUS
CURRENT SKIN WARTS
- VERRUCAS ?
CIRCUMCISED? YES / NO

BRTE .. wfsveilan

D.O.B. S o/ 19.. ..

PRESUMPTIVE DIAGNOSIS:

het / homo/ bi

CIGARETTE SMOKER yes/no

PREVIOUS STDS (number)

G.C. N.5.0

syphilis TV

candida scabies

crabs molluscum

H.S.V. AEREE. « & « & & e

GENITAL WARTS

PREVIOUS

CURRENT e

LESION SITE: glans/foreskin/shaft/frenulum/other.........

BIOPSY SITE: glans/foreskin/shaft/frenulum/other.........

URETHRAL SWAB: Y / N

URINE SAMPLE: Y / N

BIOPSY SENT FOR: histopath/DNA/fungal culture/froz. section/other

FOLLOW UP:

REFERRAL:



APPENDIX IT

QUESTIONNAIRE - RESISTANT ANOGENITAL WARTS STUDY

DATE .../.../....
LINIC NO D.O.8B. comsenln w v wf Aucs v w
REFERRED BY: PRESUMPTIVE DIAGNCSIS:
COUNTRY OF ORIGIN v s csicenisds
RACE white het / homo/ bi
caribbean
african
indo/pakistani
chinese
other ..............
CONDOMS never/ sometimes/ always CIGARETTE SMOKER yves/no
NO. OF LIFETIME SEX PARTNCRS PREVIQOUS STDS (number)
(exact no. if poss.)
il G.C. N.S.IJ
2-5 syphilis T. V.
6-10 candida scabies
10-20 crabs molluscum
20-30 H.S.Vq GtheY umsis o 5 5 %
30-50
50-100 GENITAL WARTS
100-200
>200
unknown
PREVIQUS . PREVIQUS .
- VERRUCAS ?

CIRCUMCISED? YES / NO

LESION SITE: glans/foreskin/shaft/frenulum/other.........

BIOPSY SITE: glans/foreskin/shaft/frenulum/other.........
URETHRAL SWAB: Y / N URINE SAMPLE: Y / N

BIOPSY SENT FOR: histopath/DNA/fungal culture/froz. section/other
FOLLOW UP:

REFERRAL:



APPENDIX TTIT

QUESTIONNAIRE - URETHRAL

COUNTRY OF ORIGIN

RACE white
caribbean
atrican
indo/pakistani
chinese
SEREY v 5 v ¢ v % cane

CCONLCCMS

CIGARETTE SMCKER  yes/no

%]

113
=R |_a
't H

'U

NOC. OF
(axacz

M

(BN
O H

SEX PARTNERS
sSs

oss.)

PREVIQOUS STDS (number)

PREVIOUS SKIN WARTS

- VERRUCAS ?

URETHRAL SWAB: ¥ / N

...........

GONORRHOEA STUDY

DETE ... . veifana s

D.O0.B. w35 v o w syl Faacs =

s oo

het / homo/ bi

never/ sometimes/ always

2-53

5-1

10-20

20-30

30-30

50-100

100-200

>200

unkneown
G.C. N.S.U
sypnilis T. V.
candida scabiss
crabs molluscum
H.5.V. Other, . . iosmims &%
WARTS

URINE SAMPLE: Y / N



APPENDIX IV

QUESTIONNAIRE - MULTIFOCAL STUDY - 1

DATE
STUDY NO
NAME:  csccrevns 5 5 8 & & @ sumisimses 5 8 @ s CLINIC NO
CONSCRT'S NO
ADDPRESS i s s s o e sy o
OCCUPATION
PHONE NO Date of Birth
Ethnic Origin :- Caucasian No. Cigarettes -
Afro-Caribbean - ever?
Indo-Pakistani
Arabic
Other
PAST MEDICAL HISTORY FAMILY HISTORY
(esp. dermatol) (esp. dermatol )
CURRENT MEDICATIOCNS ( + 1/12 ) ALLERGIES
(inc. topical )
PREVIOUS STD: Thrush Ve
B.V. Chlamydia
G.¢C. Syphilis
S 45 £ 1 B850V
Others

RECENT GENITAL TRAUMA

HISTORY OF INFECTION IN PAST / PRESENT PARTNERS ?
(esp. warts )



QUESTICNAIRE

8% Dysuria

Discharge - tvpe

Dysparesunia - superficial

- deep

Abdo pain - site
DATE WHEN WARTS FIRST APPEARED
LS L TYPE
S.I. PREVIOUS 2/12 - type

DURATION COF CURRENT RELATIONSHIZ

COXLT

MARITAIL, STATUS -

CURRENT
Pill (type)
Minipill
Cap

CONLCOMS

PARLTY ¢ s e

MOST RECENT

FREQUENCY

CONTRACEPTION

CERVICAL SMEAR

(/wk)

Single
Cohakiting

——— =

Separacad / Diver

Live Births

Terminations
Miscarriages
Still Births

Whe

MULTIFOCAL STUDY

~ad

e

Ty 7

Normal

2

Itch
Vulvedynia
Bleeding
rritation
Tanderness

0/G active
0/G receptive
Vaginal

A/G receptive

DATE
CLINIC NO

/ Widowed
NO QF LIFETIME PARTNERS
NONE
Coil
Sterilization
L.M.P.

?



QUESTIONAIRE - MULTIFCCAL STUDY

EXAMINATION - MALE 1 DATE
CLINIC NO.

FULL PHYSICAL EXAMINATION

GENITAL EXAMINATION
- inguinal nodes - tender ?

- contents of scrotal sac
- circumcised ?

INITIAL APPEARANCE PHOTOGRAPHS ?



QUESTIONNAIRE - MULTIFOCAL STUDY

EXAMINATION - MALE 2
DATE
CLINIC NC
AFTER 3% ACETIC ACID PHOTOGRAPHS ?

BIOPSIES - Formal Saline
- Liquid Nitrogen ( in OCT )

- DNA



QUESTIONNAIRE - MULTIFOCAL STUDY

INVESTIGATIONS - MALE DATE
CLINIC NO
BLOOD - FBC
- LFTs
- Syphilis Serology
- HIV
- Save

URINE - 20ml First voided ( pref. EMU )
( into fixative )
URETHRAL SMEAR - Gram Stain DNA
- G.C. Culture Cytology
ANAL SWAB - G.C. culture CYTOBRUSH - Cytology
- H.S.V. culture - D.N.A.

BUCCAL SMEAR - Cytology

- D.N.A.

"SG" SPECIMEN - Meatus - Corona
- Glans - Foreskin
- Shaft - Left - Perianal Region

- Right

OTHER INVESTIGATIONS ?



QUESTIONNAIRE - MULTIFOCAL STUDY

INVESTIGATIONS - FEMALE DATE
CLINIC NO
BLOOD - FBC
- LFTs
- Syphilis Serology
- HIV
- Save

URINE - 20ml First voided (pref. EMU )
( into fixative )
URETHRAL SMEAR - Gram Stain DNA
- G.C. Culture Cytology
CERVICAL SCRAPE - Cytology CYTOBRUSH - EndoCx
(DNA)
- DNA
CERVICAL SWABS - Gram Stain Chlamydia (Microtrak)
- G.C. Culture H.S.V. Culture
HIGH VAGINAL SWAB - For Candida
WET FILM MICROSCOPY - T.V. / B.V. / Candida
ANATL, SWAB - G.C. culture CYTOBRUSH - Cytology
- H.S8.V. culture - D.N.A.
"SG" SPECIMEN - Peri-urethral Posterior Introitus
- Labia Majora - Left Vagina - Left
- Right -Right
- Cervix Perianal Region

OTHER INVESTIGATIONS ? - VAGINAL WASHING (for DNA)



QUESTIONNAIRE - MULTIFOCAL STUDY

EXAMINATION - FEMALE 1 DATE
CLINIC NO

FULL PHYSICAL EXAMINATION

GENITAL EXAMINATION
- inguinal nodes - tender ?

- uterus - a/v or r/v ?
- adnexae - palpable ?

VULVA - MACROSCOPIC PHOTOGRAPHS ?

VULVA - AFTER 5% ACETIC ACID PHOTOGRAPHS ?

BIOPSIES - Formal Saline
- Liquid Nitrogen ( in OCT )

- DNA



QUESTIONNAIRE - MULTIFOCAL STUDY

EXAMINATION - FEMALE 2 DATE
CLINIC NO
CERVIX - BEFORE AND AFTER APPLICATION OF 5% ACETIC ACID

PHOTOGRAPHS ? - Y / N

M = Mosaic P = Punctation
W = Aceto - white G = Grades 1 - 3
L = Leukoplakia

BIOPSIES - Formal Saline
- Liquid Nitrogen ( in OCT )

- DNA



APPENDIX V

CONTENTS OF SOLUTIONS USED

1l Selective medium for the growth of N. gonorrhoeae

GC M2dium base with 1 vial of Isovitalex and 1 vial of

Antibiotic Cocktail
Isovitalex contains:

Vitamin B,

L-glutamine

Adenine

Guanine hydrochloride
p-Aminobenzoic acid
L-cysteine

Dextrose
Diphosphopyridine nucleotide
Cocarboxylase

Ferric nitrate
Thiamine hydrochloride
Cysteine hydrochloride

Antibiotic Cocktail contains:

Vancomycin (3,000ug/ml)

Colistin (20,000 units/ml)
Trimethoprim (2,500ug/ml)
Amphotericin B (750ug/ml)

=2

'._l
o
VOO OoOOoODOoOHOOHEOO

[\9]

10ml
50ml
20ml
20ml



2. Collection of samples

2.1 Phosphate buffered saline

pH 7.4

8g/1 NacCl
0.2g/1 KCl
1.15g/1 Na,HPO,
0.2g/1 KH2%O4

2.2 Formal saline

10% w/v formaldehyde solution (equivalent to 4% formalde-
hyde)

0.9% w/v NacCl



3. DNA extraction

3.1 Summers buffer

Stock solution = x 2
0.486g Tris
1.75g NacCl
0.84g Ethylenediaminetetraacetic acid (EDTA)
- tetrasodium salt
titrated to pH8.0 with concentrated HCl
made up to 100ml with ddH,0

3.2 SDS (Sodium Dodecyl Sulphate)

10% stock solution = 100mg/ml

3.2 Lysis mixture

100ul sterile double distilled water (ddH,O)

28ul 2.5% SDS (25mg/ml)

4ul of 0.8mg/ml t£-RNA

32ul of 10mg/ml protease
The protease used was Pronase E, which is type XXV pro-
tease, from Streptomyces griseus (Sigma, St Louis, Mo,
U.S.A.)

3.4 TE-equilibrated phenol

Tris EDTA (TE) buffer (pH 8.0) = 10mM
Tris (hydroxymethyl) -methylamine (Tris) (pH 8.0) in 1mM
disodium EDTA (pH 8.0)

Phenol crystals were dissolved at 65°C and 8-hydroxyqui-
noline added to give a yellow colour and to prevent
oxidation. The phenol was then equilibrated in an equal
volume of TE buffer and stored at 4°C.



4., f-globin primers

Kindly provided by the Medical Research Council AIDS
Directed Programme:

R-globin (14-33) ADP894.1/LA1-N:
S'ACA CAA CTG TGT TCA CTA GG 3!

R-globin (123-104) ADP894.2/LA2-C:
S'CAA CTT CAT CCA CGT TCA CC 3!



S. Polymerase chain reaction

5.1 General primers

Provided by the Medical Research Council,
search Centre, Harrow, Middlesex,

General Primer 5 = GPS
(Sense strand)
General Primer 6 = GP6

(Antisense strand)

5T

England.

Clinical Re-

GTT ACT GTG GTA GAT AC 3'

5'GAA AAA TAA ACT GTA AAT CA 3!

S.2 Areas of the L1 genome Amplified during the PCR

Sense strand

5! I .|

" A A A A A A A A A A A A A A A A A A a0

« region amplified during the PCR -

Base No.
5764 HPV
6749 HPV
6624 HPV
6600 HPV
6542 HPV
6581 HPV

—~
o]

11
16
18
31
33

139
139
142
145
142
139

base
base
base
base
base
base

pairs
pairs
palrs
pairs
pairs
pairs

= =GPE -~

Base No

6903
6888
6766
6745
6684
6720



5.3 PCR Reaction mixture

10x Buffer Volume per Stock
10 samples

500mM KC1 250ul 2M
100mM Tris pH 8.3 100ul 1M
30mM MgCl, 30ul 1M
0.01% gelatin 10ul 10%
10uM General primer 5 100ul 100uM
10uM General Primer 6 100ul lo00uM
2mM dNTP mix 100ul 20mM
ddH,0 3101l

Tag polvmerase:

(Tag DNA polymerase, Thermus agquaticus, Gibco BRL,
Uxbridge, Middlesex, U.K.)

0.5ul Tag polymerase o¢f 5U/ul stock was made to 100ul
with ddH,O.

Each experiment comprised 100ul of the reaction mix as
li«ted above, together with the Tag polymerase

5.4 Near full length genomic probes

Provided by kind permission of Dr H. zur Hausen, Heidel-
berg, Germany.

These probes contain double stranded DNA of the whole
genomes of HPV types 11,16 and 18. The HPV 6 probe in-
cluded 0.67 of the whole genome.

HPV 6 - 5300 base pairs

HPV 11 - 7945 base pairs
HPV 16 - 7545 base pairs
HPV 18 - 7945 base pairs

5.5 Oligonucleotide probes

Provided by the Medical Research Council, Clinical Re-
search Centre, Harrow, Middlesex, U.K.

HPV 31 - S'TCT GTT TGT GCT GCA ATT GCA 5'
HPV 33 - 5'CAC ACA AGT AAC TAG TGA CAG 3'



6. Separation of DNA fragments by gel electrophoresis

6.1 Tris-Borate EDTA (TBE) buffer

.089M Tris
.089M boric acid
.002M disodium EDTA

O oo

6.2 SSC (Saline Sodium Citrate)

Stock solution (= "x 20") = 3M NaCl in 0.3M sodium cit-
rate

6.3 Prehybridisation mixture

6 x SSC i

20 x Denhardt's solution

0.5% SDS (5mg/ml SDS)

1mM disodium EDTA

754l salmon sperm DNA (50ug/ml) (Sigma, St Loius, Mo,
U.8.4. )

sterile ddH20

*Denhardt's solution consists of:

0.4% bovine serum albumin (Promega, Southampton, U.XK.)
0.4% Polyvinyl pyrrolidone (Sigma, St Louis, Mo, USA)
0.4% Ficoll 400 (Pharmacia, LKB Biotechnology, Uppsala,
Sweden)

6.4 Random priming mixture

S5ul Multiprime buffer solution RPN. 1601Y/Z (Amersham
International PLC, Aylesbury, Bucks, U.K.)

5ul Primer soluticn RPN. 1601Y/Z (Amersham, U.X.)

4ul dATP

apl dGTP

4pul 4TTP

3ul 32p 1abelled dCTP (30Ci/mmol)

2ul (2 units) Klenow fragment of DNA polymerase 1

ddH,0 (to make up to 50ul)

6.5 End-labelling mixture

2ul 10 x kinase buffer (Polynucleotide Buffer, Amersham,
U.K.

5ul 529 labelled dATP (50Ci/mmol)

1ul (10 units) T4 polynucleotide kinase (Amersham, U.K.)
sterile ddH,0 to make up to 20ul volume



APPENDIX VI

The following publications have been derived from the
work of this thesis. Permission for the inclusion of
these publications in this thesis has been obtained from
the co-authors and publishers.



Value of performing biopsies in
genitourinary clinics

We read with interest the recent letter
in your journal concerning the value of
performing biopsies in genitourinary
clinies.'

Men with abnormalities of the skin
ol the penis frequently present to
genitourinary physicians, who must
therefore also be skilled in der-
matology. This is particularly so in the
light of the probable re-definition of
our specialty as  ‘‘dermaro-ven-
creology” in the unified post-1992
European Community.

[n order to assess the specific der-
matological problems encountered by
4 busy genitourinary medicine clinic,
we set up an internal clinic for penile
dermatoses. The criteria for referral
were a penile dermatosis of uncertain
diagnosis for which the clinician
thought that a biopsy might prove
helpful. The technique used was that
of local anaesthesia followed bv skin
snip biopsy. All patients were
thoroughly counselled before the
procedure, which was generally regar-
ded by the patient as not being as
traumatic as initially envisaged.

Over a period of two months a total
of 18 biopsies were performed with the
following histopathological results: 5
nonspecific dermatitis, 3 viral warts, 3
lichen sclerosus et atrophicus, 2 lichen
planus, 2 symptomatic subclinical
papillomavirus infection, 1 granu-
lomatous discase (currently under-
going investigation) and 1 trauma
(probable dermatitis artefacta).
Although only a small sample was
raken, typically 0-5 mm in diameter, in
only one case did the biopsy prove
non-diagnostic.

[t can be seen thatin 11 out of 18 of
cases, a specific diagnosis was able to
be made for which a management plan
could be devised. We would draw
particular attention to the diagnoses of
lichen sclerosus et atrophicus (LSA).
Nort only are there multiple names for
the same histopathological condition
(LSA, balanitis xerotica obliterans
and kraurosis vulvae), but the malig-
nant potential of this common® condi-
tion remains undefined and a standard
text’ suggests six to twelve monthly
follow-up for life.

Genitourin Med 1991:67:73

Despite the longstanding combina-
tion of the specialties of dermatology
and venereology on the continent, the
literature on genital dermatology is
scant, The three specialties of genito-
urinary medicine, dermatology and
urology have overlapping interests in
penile cutaneous disorders, but rarely
have in-depth knowledge. Unlike the
vulval cutaneous disorders," for exam-
ple, there is no standard textbook in
the English language on penile der-
matoses. Furthermore, confusions
still exist over relatively common dis-
orders, as described above. [t is thus
important to develop and improve
lines of communication between gen-
itourinary physicians, dermartclogists
and histopathologists at regular audit
meenngs.

We would therefore wholeheartedly
agree with the conclusion of Drs
Arumainavagam and Sumathipala
that penile biopsy is a very useful
diagnostic procedure in the setting of a
genitourinary clinic. The more wide-
spread use of this simple and min-
imally invasive procedure would allow
us to gain greater insight into the ill-
understood incidence and nature of
genital dermatoses.

R JHILLMAN

JR W HARRIS

Depurtment of Genitourinary Medicine
MM WALKER

Deparumnent of Histopathology,

St Mary’s Hospital, Praed St,
London W2 INY, UK

| Arumainavagam JT, Sumathipala
AHT. Valucof performing biopsies in
genitourinary clinics. Gemitourin Med
1990;66:407.

2 Chalmers R]G, Burton PA, Bennert R,
Goring CC. Lichen sclerosus et atro-
phicus—a distincuve and common
cause of phimosis in boys. Br J Der-
marol 1982;107 (suppl):29-30.

3 Rowell NR. Lichen sclerosus. [n: Rook
A, Wilkinson DS, Ebling FJG,
Champion RH, Burton JL eds. Text-
book of Dermatology. Oxford: Black-
well  Scientific  Publication, 1986:
13A8-T4.

4 Wilkinson E]J ed. Parthology of Vulva and
ugina. New York: Churchill Living-
ston, 1987



Genital human papillomavirus
lesions of the male sexual part-
ners: the diagnostic accuracy of
peniscopy

We were 1mterested to read the article
by Hippeldinen et al' concerning
peniscopy and the carriage of human
papillomavirus (HPV) DNA by male
partners of women who had abnormal
Papanicolaou smears. If we are to
assume that HPV is rransmitted
predominantly by sexual contact,’ it
follows that men are involved in about
half of the epidemic. This factor does
not seem to be reflected in the current
literature, which, despite the
explosion of interest in the topic, still
constitutes only a small minority of the
publications. For example, only 20
(4:7%) of 424 papers presented at the
recent papillomavirus workshop in
Seattle directly concerned male
carriage of HPV. This paucity of data
is presumably, at least in part, due to
the lack of a male counterparrt of the
Papanicolaou smear, which forms the
basis of much current epidemiological
work. The study of Hippeldinen er al
is, therefore, a significant contribution
to the field. However, we would like to
raise several points.

The term ‘“‘peniscopy’ has been
used previously,” bur other authors
use terms such as ‘‘androscopy’’,’
“magnified penile surface scanning’”
and, probably the least appropriate
term, ‘‘colposcopy’’.® We suggest that
the term ‘“‘penoscopy’” should be
adopted, as its form 1s more consistent
with the words used to describe other
techniques which augment clinical
visualisation, such as gastroscopy and
bronchoscopy.

The whole area of HPV
epidemiology is bedevilled by the
absence of a universally agreed “‘gold
standard”. Clearly, from the dara
presented in this article, histology
alone cannot be relied upon, as only 34
(35-4%) of 96 biopsies that showed
histological criteria of HPV infection
contained HPV DNA. As detection
was not only by in situ hybridisation
but also by the PCR, it seems likely
that most of the lesions biopsied did
not contain the so-called ‘“‘genito-

“tropic”” HPVs tested for. This is sur-
prising, as in most studies DNA of the
genitotropic HPVs has been detected
in approximately 90% of condylomata
acuminata.” Several explanations are
possible for these observations. Peno-
scopically abnormal areas may be
caused by HPV types which are dif-

Genitourin Med 1991:67:52-3

ferent from those usually found in
clinically apparent lesions. Alter-
natively, such lesions may be
produced by mechanisms entirely dif-
ferent from infection with HPV. The
fact that the authors, along with
others,” noted that penoscopic abnor-
malities occurred commonly at sites of
likely epithelial trauma during inter-
course, may be relevant. The finding
that males with a long contact history
had a lower incidence of abnormalities
might be consistent with the observa-
tions that older genital HPV lesions
contain fewer wviral particles than
fresher lesions® and are less infectious.’
It could be postulated that men who
have had long term contact with
women infected with HPV are, at the
time of sampling, being exposed to a
small viral load, and so are possibly
less likely to have penile abnormalities
attributable to HPV infection.

It is unforrunate that the men did
not undergo full testing for other
sexually transmitted diseases, for
example, a urethral smear to detect
non-gonococcal urethrits and syphilis
and HIV serology. Furthermore, the
finding that none of the men carried
Chlamydia trachomatts in the urethra
suggests that the population sampled
was an unusual one. Several reports'® "
suggest that other infectious agents
exist often in a large proportion of
those with condylomata acuminata,
and co-infection has been postulated
to affect the narural history of HPV
infections."?

The observation of a much greater
correlation  between  histological
criteria and the detection of HPV
DNA in meatal and distal urethral
biopsy specimens than elsewhere was
interesting. This may be related to the
fact that the epithelium in the meartus
and urethra is perhaps more akin to
some areas of the cervix, where more
experience has been gained in inter-
preting histological changes. Most
interesting of all was the observation
that HPV DNA was not found in
histologically normal skin. This is in
agrecement with our findings in a series
of penile biopsies that did not show
histological evidence of HPV infection
{unpublished). HPV DNA was detec-
ted using the PCR inonly 1 (3%) of 35
biopsies. This is in contrast to the
findings in the female genirtal tract,
where HPV may be detected in histo-
logically normal tissue' and suggests
that the epidemiology of HPV in men
may be fundamentally different.



Penoscopy undoubtedly has a role
in attempting to understand the
epidemniology of HPV infections.
However, in view of the limitations of
sensitivity and specificity highlighted
by Hippeldinen et al, enthusiastic calls
for its widespread introduction into
routine clinical practice’ should be
treated with caution. More disturbing
are the recommendations of some
authors' for extensive ablation of
penoscopically abnormal areas. In
view of the considerable anxiety
already suffered by some of these
patients, we prefer to wait for the
results of further carefully controlled
studies to determine the value of
penoscopy before offering it rourtinely.

RJ HILLMAN

M BOTCHERBY

D TAYLOR-ROBINSON

Drvision of Sexually Transmitted Diseases,
Clinical Research Centre,

Watford Rd, Harrow HAI 3UJ, UK
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Persistent anogenital warts

Anogenital warts are one manifestaton of human
papillomavirus (HPV) infecdon of the anogerutal
tract. Such HPV infections have an adjusted annual
incidence of about 8% in an unselected Scandinavian
fenale population,' and anogenital warts arc the
commonest viral sexually transmissible disease in
England.? The padent’s immune response probably
determines whether infection will become manifested
clinically and how well the resulting condylomas
respond to treatment. HPV DNA replicates in the
suprabasal cells of the epidermis, but the considerably
more antgenic complete viral particles are produced
only in differentarng keratinocytes, which are distant
from cutaneous immunological defences. HPV
infections may also be associated with local
immunoparesis.** Whatever weamment is used,
efficacy probably depends on (a) removal of dssue
containing viral pardcles and () disruption and
release of previously sequestered viral antigens and
their exposure to the tnmune system.

Scientific evaluadon of weamment is difficult. For
example, it may be hard to assess objecuvely the
severity and response of clinically apparent lesions.
Warts of different rypes and duradon may not respond
in the same way to different regimens, and the role of
HPV typing in terms of clinical behaviour and
therapeutic responsiveness has not been fully
explored.® Padent variables such as sexual pracuces,
smoking, human immunodeficiency virus infectuon,
oral contacepuve use, and numidonal status may
likewise be important. Tnals of therapy seldom
control for all these factors, tending to concentrate
instead on patents with newer lesions that are more
responsive 0 most weamments than are persistent
warts. Follow-up is often no more than 3 or 6 months,
despite the known propensity of warts to relapse and
to remit spontaneously.® Reinfection during treatment
may be difficult to exclude, and use of condoms
during and after therapy may influence the results.
Another complicadon is that fomites may help w0
maintain infecdon—in one trial” the relapse rate was
increased in patents whose underwear contained
HPV DNA. It is unclear whether concurrent
reamment of sexual parmers enhances the success of
treaonent.

Fresher warts are associated with a more vigorous
immune response* and are generally more responsive
1o all the established reaoments, so patents should be
encouraged to present early. Nevertheless, a large
minority of patents with anogenital  warts do not
respond adequartely to first-line teamment with
podophyllin, podophyllotoxin, or cryotherapy. The
considerable distress and pressure on sexual
relationships caused by the diagnosis are compounded
by padents’ increased awareness of the putagve link
berween HPV infecion and anogenital cancers.
Repeated courses of podophyllin have progressively
fewer benefits,® and destwuctuve methods such as
cryotherapy, clectrodesiccation, and laser fulguradon,
cither separately or in various combinations, may be
necessary. Choice of wreagnent largely depends on
locally available skills and resources; cure rates vary
from 27 10 91%.>°

Lancet 191 ;_33_8_:1114-5

Different types '**? and doses of interferons given
locally ® or systernically'* have been tried for various
lengths of ime. Most trials have been on patients with
previously natreated warts, for which the chances of
cure are benier than with older, larger, or recalcitrant
lesions.'s** For persistent warts, interferon combined
with a destructive method may improve the clearance
rate.!” Although the frequency, dose, type, and
indicadons for interferons in the treamment of
anogenital warts remain to be fully established, use of
a combinadon of methods should lead to at least
temporary clearing of visible lesions in most cases; -
repeated treatments may be necessary occasionaily.

We do not know whether HPV DNA is eradicated
completely as a consequence of any of the wart
treatments.'® Moreover, it will be some ome before we
know whether eliminatdon of the clinical
manifestadons of gemutal HPV infecton reduces
infecavity for sexual parmers or alters any risk of
subsequent anogenital cancer. One view is that
vigorous therapy should be used in the minority of
individuals whose warts harbour so-called high-risk
types (HPV 16, 18, 31, 33, 35, and 39); the more
common ‘“low-nsk” types are HPV 6 and 11.
However, several other factors influence the rate of
progression of lesions,"” and HPV typing is not
roudnely available. Untl these issues have been
addaressed, enthusiasuc «calls for widespread
dezrruction of skin with evidence of subclinical HPY
infection should be resisted.

Padents with anogenital warts are likely to have put
themselves at risk of acquinng other sexually
transmitted infecdons, including  human
immunodeficiency virus, so it is essendal to offer
counselling and screening for these disorders. Such
screening not only allows treamment of previously
undiagnosed condidons but also may aid management
of the warts, since epidermal irmitaton caused by
coincidental genital pathogens may encourage growth
of the lesions.’® Because wart reatment sometimes
extends over several months, screening may have to be
repeated as the padent’s lifestyle changes. It is.
important to determine the padent’s sexual history so
that recent parmers can be offered screening. In view
of the concern about HPV and anogenital cancer,
cervical cytology is recommended, in addidon o
biopsy of any arypical lesions.

The meamment of anogenirtal warts has fostered a
rich heritage of folklore®® and the contnuing
controversy surrounding exisdng regimens, none of
which is uniformnly effectve, safe, and cheap, shows
how lile we understand the pathogenesis and
management of this infection. Ample scope here for
properly conwolled and blinded trals of new
reagnents.
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Granuloma annulare of the penis

R ] Hillman, S Waldron, M M Walker, ] R W Harris

Abstract

Granuloma annulare is an uncommon
skin condition, most often found on the
extremities of young females. A case of
granuloma annulare occurring on the
penis of a 61 year old man is reported
and the current literature associating
granuloma annulare and conditions
likely to present to genitourinary clinics
is reviewed.

Introduction

Granuloma annulare (GA), an uncommon
dermarological disorder, usually occurs on the
hands or feet of young women.' We report a
case of penile granuloma annulare occurring
on the penis and discuss the implicatons.

Case history

A 61 year old man presented to the gen-
itourinary clinic with a one vear history of a
rash on his penis. He stated that the lesion was
neither painful nor pruritic, that he had no
other urogenital symptoms, and that he had
never had a similar lesion before. He had a
past medical history of aduit onset asthma, for
which he was currently raking beclometha-
sone and salbutamol inhalers, but there was

Figure |

no significant past history of any dermarto-
logical conditions, and no family history of
note. There was no known history of trauma
to the genital area, although the patient spilt a
large quantity of turpentine substitute on his
groin around the time of the development of
the lesion. He was not able to relate reliably
whether this accident preceded or followed
the development of his rash. The patient had
been employed as a driver for a laundry busi-
ness for 3 years, but had no other known
history of exposure to potentally toxic
chemicals.

The patient was exclusively heterosexual
and had never been abroad. He had not indul-
ged in any high nisk activity likely to result in
the acquisition of HIV. His last sexual inter-
course was reported to be with a regular
girlfriend, using a condom, several months
prior to presentation.

On examination a serpiginous, raised,
erythematous lesion 2 cm by 1 cm was noted
on the shaft of the penis (fig 1). Genital
examinaton was otherwise unremarkable;
there was no lymphadenopathy and a full
general examination failed to reveal any
abnormalities.  Urethral microscopy was
unremarkable and culture of a swab from the
urcthra {ailed to reveal Neisserta gonorrhoeae.
Svphilis scrology, including the tluorescent

(at Raised lesion of pranufoma annuiare on shaft of pers. (b) Healing bropsy site.



Figure 2 Biopsy of
lesion, showing an
epithelioid granuloma with
central degeneration (a)
and a surrounding
{ymphohistiocytic infiltrate
(b} including sparse giant
cells. { Haemoroxylin and
20sin; low power view
x30).

treponemal antibody test, was negative.
Swabs from the lesion site failed to reveal
herpes simplex or Haemophilus ducreyi on
specific culture, and routine bacteriological
examination of a swab from the lesion show=d
nermal skin flora only.

Full blood count was normal, as were fast-
ing blood glucose and thyroid function rests.
Antnuclear factor was detected in the
patient’s serum, but the DNA binding test
was negative. Antbodies to mitochondria,.
smooth muscle, gastric parietal cells and
thyroid cells were not present in the patent’s
serum. Following counselling, the pauent
declined to undergo testing for the human
immunodeficiency virus (HIV).

In order to establish the diagnosis, a skin
snip biopsy was performed following infiltra-
tion of the area with 2% lignocaine and | in
200,000 adrenalin for anaesthesia. The sample
was then placed in 10% formal saline for
routine histopathological examination. Sec-
uons showed foci of collagen degeneration,
with a lymphohistiocytic infiltrate and sparse
giant cell formation, as shown in fig 2. Acid
fast bacilli were not seen using the Ziehl
Nielsen technique and periodic acid Schiff
staining for fungi was negative.

When reviewed six weeks after the biopsy,
sansfactory healing of the biopsy wound had
occurred, and the lesion was markedly
reduced in size.

Discussion
Qur patient presented with a lesion which was
clinically typical of GA and had the character-
istic histological findings and a consistent clin-
ical history.

GA can occur in either localised or general-
ised forms, is commoner in females® than in
males, and tends to predominate in younger
age groups.'’ The aetiology is unknown,’

however; local disease has been associated
with trauma,' contact with irritant materials,’
fungal infection,” adenovirus,” herpes zoster®
and diabetes mellitus.” Generalised granuloma
annulare has been associated with diaberes
mellitus,” thyroid disease,' chronic Lyme dis-
ease,'’ and the possession of HLA types A31,
B35'2 and BS'.

The lesions of GA occur most commonly
on the surfaces of the dorsum of the hand and
fingers,' and, to the best of our knowledge,
there has only been one previous report of
granuloma annulare of the penis."

Lesions tend to disappear after 3 two 6
months. Trauma, such as the process of
biopsy itself may precipitate disappearance, as
happened in this case. Perforation of the
lesions is the only potentially serious con-
sequence of GA. The efficacies of treatments
such as intralesional steroids, cryotherapy and
radiotherapy are difficult to evaluate, in view
of the rendency of lesions of GA to relapse
spontaneously and remit.!

GA currently has no established associa-
tons with other genitourinary conditions,
although there has recently been a report
linking it with scabies,'* and the condition has
been confused with annular syphilid.'”* Other
potential clinical differential diagnoses of GA
occurring in the geniral tract include ring-
worm, annular lichen planus, sarcoidosis and
necrobiosis lipoidica.'! The histopathological
differential diagnosis includes necrobiosis
lipoidica, rheumatoid nodules and sarcoid.
Clinico-pathological correlation is important
in these cases.

One study” has suggested that only 16% of
cases of GA can be related 0 a specific
precipitant. [t is unclear whether the incident
with the turpentine substitute was a significant
factor in the development of our patient’s
granuloma annulare, as he was uncertain of
the exact temporal sequence.



Several papers report the occurrence of
grunuloma annulare in individuals infected
with HIV''™"™ and one article’® documents
remission of generalised granuloma annulare
in association with the initiation of zidovudine
therapy.

Following counselling, our patient declined
to undergo testing for HIV. He was not con-
sidered rto be art particularly high risk, and had
no stigmata to suggest advanced HIV disease.

In view of the developing epidemic of
HIV, its possible association with GA and
the potential confusion of GA with other
genitourinary conditions, we believe that
genitourinary physicians should consider GA
in the differential diagnosis of any unusual
dermatological condition and proceed rto
biopsy if there is any doubt.
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Penile dermatoses: a clinical and

histopathological study

R ] Hillman, M M Walker, ] RW Harris, D Tavior-Robinson

Abstract

Objective—To assess the spectrum of gen-
ital dermartological conditons affecting
men and compare the clinical and histo-
pathological diagnoses.
Design—Prospective study over a one year
period.

Setting—A cenrral London teaching has-
pital.

Patients—Seventy one patients with unre~
sponsive penile dermatoses attending a
specific internal referral clinic within the
deparmment of genitourinary medicine
and 36 patients undergoing penile biopsy
following attendance at other depart-
ments within the same hospital.
Methods—Full dermarological assess-
ment of patients attending rthe specific
clinie. Standard histopathological meth-
ods were used in the diagnosis of biopsy
specimens.

Outcome measured—Clinico-pathologi-
cal diag is of cut ile ab
malides.

Results—Descripdon of the range and
relative frequency of penile dermartolog-
ical conditions. The most common histo-
pathological diagnosis was of non specific
dermaudts. Twenty seven percent (16 of 61)
of patents artending the specific clinic
and 33% (12 of 36) of men atending other
departments had condidons requiring
long term follow up.

Conclusions—The ranges of penile der-
matoses presenting to the different
departments were broadly similar. Penile
biopsy was shown to be a safe and clini-
cally informative procedure. In the geni-
tourinary clinic serting, clinical diagnosis
prior to biopsy was found frequently to be
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Introduction

Penile dermatoses encountered in genitouri-
nary medicine (GUM) clinics frequenty pro-
vide diagnostc difficulties. The diagnosis and
treatment of such conditions is often empirical,
based on the assumption that the rash is likely
to be either fungal or eczematous. Not only is
this approach unscienufic, bur it often fails to
resolve, and in some cases, may exacerbate the
problem. Padents with such dermatoses may
persistendy artend with relapsing rashes of
uncertain aenology, and potennally serious
conditons can be overlooked. Presentaton to
other specialdes such as general practice,
urology, dermarology and general surgery also

occurs and such Jdepartments mav lack the
resources o Jdugnose acourately the wide
range of sexually transmited and other dis-
eases affecune the pems

The true nature amd extent ot penile derma-
rological condinions presenung to GUM clinics
is unknown. In view o this, we investagated
patents with persistent pemile Jermatoses by
careful climcal evaluanon, including biopsy. In
addition, histopathological results from  che
specific referral chimie were compared wath
those of similar speaimens submitted to the
histopathology departiment over the same peri-
od from other departments.

Methods

A specific nternal reterral e, the Penile
Dermatosis Climc (PDC!. was set up within
the GUM department tor men with persistent
penile dermatoses which dwd nuot respond 1o
treatment, or of which the Jdiagnosis was in
doubt and the clinician felt that biopsy would
be helpful in sstablishing the dJiagnosis. All
patents were screened for the commonly
occurring sexually transmitted pathogens, and
rreatment was given where necessary. Patients
were asked to avoid any specitic local treatment
to the area for a munimum ot two weeks prior
[0 assessment.

During the 45 minures allocated for each
panent, a full history, partcularly including
that of any personal or family dermartological
conditions, was combined with a thorough
examinauon of skin and mucous membranes,
rogether with penoscopy. If a diagnosis could
not be made atr that point, or significant
pathological changes could not be reasonably
excluded on clinical grounds, the patient was
counselled and otfered a biopsy examinaton.

Under aseptc condidons the area to be
biopsied, which included, where possible, the
edge of the lesion and normal skin, was
infiltrated with | to 2ml of 2% lignocaine with
1:200,000 adrenalin. Once anaesthesia had
been achieved, the skin was gently pinched up
using toothed forceps and an ellipse of approx-
imately Imm by 2mm was removed using
scissors (fig). The biopsy specimen was then
placed in 10% formal saline, processed rou-
tnely and stained by haematoxylin and eosin
for histological examinaton. Haemostasis was
achieved using silver mitrate sticks. [n view of
the small biopsy site, pnmary closure was not
necessary, and the patent was given simple
hygiene advice.

Samples from patients attending other spe-
cialties were received by the histopathology



Figure Skin snip bwpsy procedure

Table 2 Diagnoses in patients undergoing pemle biopsy in the GUM department

department in the course of routine clinical
practice, withour the pauent being referred to
the PDC. No patents were seen in more than
one department.

Standard criteria were observed for the
diagnosis of well recognised dermarological
conditons, for example lichen sclerosus, lichen
planus and dermatitis.’ Previously established
histopa:hological criteria for the diagnosis of
wart virus infecnon and penile intraepithelial
neoplasia (PIN) were applied.” All specimens
in which a histological diagnosis of nonspecific
dermanaos (NSD) was made were additonally
stained by the periodic acid Schiff method.

The ininial clinical diagnosis was made prior
ro biopsy and compared with the final diag-

Table | Clintcal di i Har i

pemiie bropsy (ome pattent mm cach category)

Climcallv apparcnr diagroscs
Fungal infection

Wart virus infecnon
Foliculins

Herpes simplex virus infecnion
Atopic cczema

early penile papules
Penile vein thrombusis
Vinligu

Psvchatne iliness

Hinpry declined by panent
Wart virus infection

Atopic ¢czema

Cutegory Dragnoss Nowof Panents n=60
Infecnon Fungal infecnon ]
Wart virus infecuon 14 (23%)
‘Wart virus infection + dysplasia ]
Dermatosis Non specific dermantis 16 (26%)
Lichen sclerosus 9(15%)
Lichen planus 4 (T%)
Lachen simplex |
Psunasis 2 (3%)
Dermantis artefacta 1
Neoplasia PIN 2 2(3%)
PN 2 (3%)
Basal cell papilloma ]
Miscell Not di 2 (3%)
Searming

Granuloma annulare

1
Granuiomatous disease ? cause 1
1
Plasma cell balamins 1

nosis which was based on the clinical features
and histological findings. Thus, an essenual
part of the evaluauon of the patent was
discussion between the clinician and the his-
topathologist.

Results

Patients seen in the PDC

Sevenry-one patents were seen in the PDC
over a one year period. Seven (10%) of the
parients were homosexual and one of them was
known to be infected with the human immuno-
deficiency virus. The age range of all patients
was 18-3 to 65-1 years (average 36-2 years).
Sixry padents underwent biopsy, two declined
to have biopsies and nine had clinical condi-
aons for which biopsy was not considered
necessary (table 1). The age range of those
undergoing penile biopsy was 22-5 to 635-1
years (average 36-0 years). The age range of
those not having a biopsy was 183 to 36:2
years (average 373 years).

A short course of annbiotics for secondary
infecnon was required by three (5%) of the 60
panents undergoing biopsy, otherwise recovery
was sansfactory, with minimal or no scarring,
and return to full sexual acuvity usually within
wp weeks.

The diagnoses based on biopsy examination
are shown wn table 2.

Histological findings were consistent with
the ininal clinical diagnosis in 20 (33%) of the
60 pauents undergoing biopsy. Lichen scler-
osus (LSc) was diagriosed accurartely prior to
biopsy in seven (78%) of nine cases, wart virus
infecnon in 7 (50%) of 14 cases, non specific
dermatosis in five (31%) of 16 cases and lichen
planus in one (25%) of four cases. Four (7%)
of the biopsies undertaken in the PDC showed
evidence of PIN, which had not been sus-
pected prior to blopsy.

Pauients seen in other departments

During the same period, the histopathology
department received penile biopsy specimens
from 36 patients attending other departments
within the hospital, comprising 28 from the
urologists and four each from the dermatolo-
gists and the general surgeons. The age range
of these patents was 16°2 to 81-2 years
(average 46-4 years).

Less clinical information was availabie on
these panents. [n view of this, clinical concord-
ance was not assessed and the histological
diagnoses (rable 3) were used only to define the
specrum of penile dermatoses presenung to
other departments. This was similar to that of
lesions seen in the GUM clinie, with 8 (22%)
pauents with LSc, eighr (22%) with non
specific dermatias (NSD), six (17%) with wart
virus infection and one (3%) with PIN seen in
other departments.

The histological diagnoses of these biopsies
are shown in table 3.

Discussion
There is now considerable interest in vulval
cutaneous disorders,”* but relatively lirtle



Table 3 Diagnoses m panients undergoing pemle blopiv tn other departments

Deparrment

Dragnosts

N of Pattenzs (n = 18)

Dermatology

Gieneral Surgery

Uralogy

Non speciic dermatitis
"IN 3

Wart virus mfectuon
Haemangioma

Lichen sclerosus

Wart virus infection

Non specific dermanns
Lichen sclerimus

Normal (socal crcumcisions)
Wart virus infecoon

2 carcinoma of prostate
27 carcinoma of bladder
Cutancous iuberculoss
Epidermal cyst
Squamous cell carcinoma

Trauma

Plasma cell balaniis

B T TSR U~ N R R T

informauon is available about the cutaneous
pathology of the penis.””

Penile biopsy is a procedure which is per-
formed rarely in GUM and other clinics, in
contrast o many other specialdes where the
value of diagnostic biopsy is now well estab-
lished. Whilst reluctance on behalf of the
clinician and the padent may be easily under-
stood, we have found the procedure to be
technically straight forward, well tolerated and
safe. Considerable clinically useful informartion
was obtained, with few complicanons, and a
cosmencally acceptable end result.

The variety of skin types found in different
parts of the penis may account, at least in part,
for the diversity of cutaneous abnormalites
seen in this area. However, as with skin
elsewhere, penile skin can react only in a
limited number of ways to endogenous and
exogenous influences, so providing a resmicted
number of clinical presentanons. It may be
difficult, therefore, ro diagnose conditons such
as plasma cell balanitis and PIN without a
biopsy.

It 15 currently unknown to what extent
weatment alters the histological features of
penile skin, and it might prove difficult to
obtain ethical approval for such a srudy.
However, given that all forms of teamment
were withheld for a minimum of two weeks
prior to biopsy, we felt that such effects had
been reasonably excluded.

We postulate that the reladvely fragile gla-
brous skin of the glans penis may be pardc-
ularly sensitve to external irritants, thus
explaining why NSD was found frequenty in
our study, and its predominanr locanon in the
prepunal sac. The clinical course had rypically
been a relapsing and remirting one, usually
helped transiently by the applicadon of 1%
clotrimazole (Canesten) cream. The most fre-
quent pre-biopsy diagnosis, therefore, was
fungal balanins. However, such cases of "can-
didal" or "fungal” balanins were found to have
histological changes of NSD, rather than the
characreristic finding associated with fungal
colonisatdon. The pathological changes of NSD
can be produced by a wide variery of clinical
conditons, including partially treated infec-
nons. Clearly inadequate hygiene in uncircum-
cised men could cause changes of NSD, bur
the padents seen were notably conscienoous
abour their penile hygiene. Although it is

difficult to exclude completely a diagnosis of
fungal infection, the maonty of individuals
had either a family or personal history of atopy,
and it was considered that the most likely
diagnosis was cczema. In these cases, clo-
trimazole cream may have been simply acung
as an emollient or by some mechanism other
than its annfungal actvity.””

The malignant potennal of LSc is currendy
unclear. In one study,” [Sc was found in 48
(61%) of 78 women wuh vulval squamous
carcinoma, cither adjacent to the lesion or
elsewhere on the body. There is less informa-
non on penile LSc, although three cases of
penile squamous carcinuma have been repor-
ted in association with LS¢;'" other reports are
sporadic.'' ' The finding of LSc in biopsy
specimens of gemital cancer does not neces-
sarily imply it 1s premalignant, particularly in
view of its frequent occurrence in males
circumncised for other reasons.'' However, in
view of the current uncertainty about possible
malignant development, long term monitoring
would seem wise.'"

Only 25% of cases of lichen planus (LP)
were suspected prior to biopsy, and no men
had any evidence of disease c¢lsewhere. LP
affects mucocutanevus membranes and
exhibits characteristic histological fearures.'
Vulval chen planus can be solitary and ero-
sive, which may be difficult to diagnose on
both clinical and pathological grounds.'* Qur
experience would suggest that this is also wue
of penile LP.

Current views on the aetivlogy are that LP is
a cell mediared immune disorder, in which the
primary antgen has not vet been ident-
fied.'®'” Oral LP has a malignant potendial,
and it has been recommended that vulval LP
be followed up long term.’” Less is known of
penile LP. There have been rwo case reports of
LP found in association with PIN and verru-
cous carcinoma of the penis,'” so it could be
argued that penile LP should also be mon-
itored indefinitely.

The four cases of PIN seen in this study were
all referred on the grounds that they had
arypical appearances which were sumilar to
sessile warts. The concept of PIN has recendy
developed as an extension of the ideas behind
the classificadon of cervical intraepithelial neo-
plasia (CIN) and vulval intracpithelial neo-
plasia. The histological fearures are well char-
acterised,” although the clinical manifestations
are less well reported. Like CIN, the malignant
potenual of PIN has sdll to be fully eval-
uated.

The range of histological diagnoses made in
the other departments was broadly similar to
that in the PDC. Men with penile dermatoses
present to a variery of specialdes, but each
specialty may see only occasional cases. [n view
of the understandable concern of many
parients that their penile dermatosis may have
a sexually wansmissible component, GUM
physicians are ideally placed to exclude such
diseases and provide any appropriate treatment
and follow up. Our information indicates that,
given the current lack of knowledge concern-
ing the malignant potenual of LSc, LP and



PIN, 27% (16 of 61) of panents artending the
PDC and 33% of patients attending other
departments may need long term review.
Informanon concerning the activlogy, naru-
ral history and treaument of penile dermaroses
is sparse. Our dara suggest that diagnoses
based on clinical appearance alone are inade-
quate. The skin snip biopsy technique provides
a simple, minimally invasive procedure which
markedly improves the rate of diagnosis of

such condinons. Pathological diagnoses were-

obrained in the majority of cases, thus allowing
definitive treatment where indicared, and the
chance to learn more in cases where our
understanding is limited. [t is often reassuring
for the pauent to know cthe diagnosis, even
where current treatment options are limited.
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Detection of Human Papillomavirus DNA in the Urogenital Tracts

of Men With Anogenital Warts

AR. J. HILLMAN, MRCP, M. BOTCHERBY, MSc, B. K. RYAIT, MSc, N. HANNA, MB, AND D. TAYLCR-ROBINSON, FRCP

Increasing evidence suggests that human papillomavirus
(HPYV) infection of the female anogenital tract is multifocal.
Less is known of the distribution of HPVs in men. To investi-
gate this, a prospective study was conducted of 116 men consec-
utively attending a clinic for ablative treatment of anogenital
warts. YWart tissue, urethral swabs, and urine were obtained
from each partient. HPV DNA was extracted from the speci-
mens and amplified using the polymerase chain reaction
(PCR). HPV types 6, 11, 16, 18, 31, and 33 were identified
using Southern blotting of the PCR product, followed by hybrid-
ization. HPV DNA was detected in 112 (96.6%) of 116 wart
specimens and there was urethra! infection with HPV in 26
(22.4%) of the men. Eleven (61.1%) of 18 urethral specimens
taken with a loop and 22 (20.0%) of 116 urethral specimens
taken using a cotton-tipped swab contained [{PY DNA. One
(6.3%) of 16 urine samples tested conrained HPV DNA. HPV
types 6 and 11 were found in the urethra most commonly when
warts were seen near the urinary meatus, aithough HPV oc-
curred in the urethras of men wichout clinically apparent mea-
tal warts. The proportion of urethral samples with HPV DNA,
including HPV types 16, 18, 31, and 33, was independent of the
location of visible warts at the rime of sampling.

THE WIDESPREAD AVAILABILITY of Papani-
colaou staining of cervical scrapes and colposcopy ser-
vices has resulted in a rapid growth in the understanding
of the interaction between human papillomavirus
(HPV) and the anogenital regions of women. Less is
known of the corresponding relationship in men. Evi-
dence suggests that the majonty of anogenital HPV in-
fections are sexually acquired,' so it would seem likely
that men play a significant role in the epidemiology of
the genitotropic HPVs.

Carriage of HPV in clinically normal cervices is now
well documented,” and the suggestion has been raised
that such carriage may be important in resistance to
treatment and recurrence after treatment.’ [n view of the
observation® that urethral squamous papillomas tend to
develop in areas of metaplastic squamous epithelium, it
has been postulated® that such areas of the male urethra
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may be analogous to the transitional zone of the cervix,
and may act as a reservoir for infection with HPV.®

The presence of HPV DNA in genital warts has been
determined by a variety of methods.” Currently, the poly-
merase chain reaction (PCR) is the most sensitive tech-
nique.® Southern blorting’ allows the confirmation of
DNA sequences produced by the PCR and enables the
type of HPV 10 be determined. In view of their combina-
ton of sensitivity and specificity, the PCR and Southern
blotting techniques were chosen for the analysis of all
specimens in this study. The object of the study was to
assess the distribution of HPV in the male anogenital
tract. To achieve this, a group of men attending a genito-
urinary department with clinically apparent anogenital
warts was selected on the assumpuon that they would be
likely to carry HPV in large quantities in their anogenital
rezions. Samples of wart tissue were taken for analysis
and the results compared with urethral specimens ob-
tained by two different methods.

Methods
Patients and Collection of Specimens

Informed consent was obtained from | |6 men attend-
ing consecutively a clinic for the surgical removal of ano-
genital warts. Referral to this clinic was based on the
presence of warts that the clinician thought would be
best treated by surgical ablation. either because of their
anatomic location or their failure to respond to conven-
tional treatment. All patients were offered screening for
the common sexually transmitted infections, and these
were treated before the patient entered the study.

Strict precautions against contamination of the speci-
mens by HPVs were taken. Gloves were changed be-
tween patients, and all instruments were hand-washed,
placed in an ultrasonic cleaner, and autoclaved before
reuse. Specimens were collected using a “no touch™ tech-



2 HILLMAN ET AL.

et

nique and placed in sterile, disposable bottles belore anal-
ysis in the laboratory.

Wart specimens were removed by a diathermy ma-
chine (Surgitron STW-60; Meditronix, Barcelona,
Spain) and placed in phosphate-buffered saline (PBS). A
random selection of biopsy specimens also was placed in
formal saline and sent for routine histopathologic assess-
ment.

Cotton-tipped swabs (“*STD-Pen for Males™; Abbott
Laboratories, Chicago, IL) were inserted 2 ¢m into the
urethras of all 116 men; each swab was replaced in the
container provided and sent to the laboratory for analy-
sis. Using a 10-gl plastic loop (Nunc; GIBCO, Paisley,
Scotland), an additional specimen from the distal 2 ¢cm
of the urethra was taken from a randomly selected group
of 18 of these men; the loop was used before the swab in
9 of the men. The loop was broken off in [0 mi of PBS
and transported to the laboratory. Patients were asked to
provide a 10-ml sample of first-pass urine after all ure-
thral specimens had been taken.

Processing of Specimens

Toavoid cross-contamination of DNA products, prep-
aration of reagents, processing of patient matenial, and
the PCR and Southern blotting took piace in separate
rooms. Positive displacement pipettes or single-use Pas-
teur pipettes were used for distnbuting reagents for the
PCR and for adding the DNA samples to the reaction
mixtures. Positive and negative controls were inciuded
in 2ach experiment. Laboratory staff were unaware of
the clinical status of the men.

Urine samples were centrifuged for 10 minutes at
3.000 rpm and the sediment suspended in 160 ul of 2X
Summers’ buffer (40 mM TRIS-HCI, 0.3 M NacCl. and
20 mM EDTA-tetra sodium salt), pH 8.0. Three stenle
glass beads were added to each wart sample and the tubes
vortexed for | minute to break up the tissue. Wart speci-
mens disrupted by this method and urethral swabs were
then added directly to 160 gl of 2X Summers’ buffer.
Twenty-eight microliters of 2.3% sodium dodecyl sulfate
(SDS), 4 ul of tRNA. and 100 ul of sterile double distilled
water (ddH.O) were added to the samples, which were
then incubated for 16 to 20 hours at 37 °C with pronase
E {10 mg/mi). DNA was isolated by a modification of
standard procedures.'® using two phenol extractions
(TE-equilibrated phenol), followed by a chloroform-is-
oamyl alcohol (24:1) extraction and an ethanol precipita-
tion step for | hour at =70 °C. The DNA pellet was
collected by centrifugation for |0 minutes at 14.000
rpm, washed briefly with 70% ethanol, and dried under
vacuum for 30 minutes. The resulting DNA pellet was
resuspended in 40 ul ddH,O. From this, 20 ul was used
to determine the presence of DNA in the sample by re-
striction enzyme digestion with Bam Hl. Bands were
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then observed on an ethidium bromide-stained aga-
rose gel.

Polymerase Chain Reaction

Target sequences on the L1 open-reading frame of
HPV types 6, 11, 16, 18, 31, and 33 were amplified using
general primers GP5 and GP6.'"' Amplification was
carried out using a 100-gl reaction mixture containing
sample DNA, 50 mM KCl, 10 mM Trs-HCI pH 8.3, 3
mM MgCl,, 0.01% w/v gelatin, 200 uM each of dATP,
dGTP,dTTP, and dCTP, 50 nmol each of GPS and GP6
primers, and 2.3 units of Tag polymerase (GIBCO-BRL,
Paisley, Scotland, United Kingdom). This mixture was
overlaid with a few drops of mineral oil to preventevapo-
ration, and subjected to 40 cycles of ampilification using
a DNA thermal processor (Model HB-TR1, Hybaid,
Teddington. United Kingdom). Each cvcle included de-
naturation at 94 °C for 20 seconds, primer annealing at
40 °C for 50 seconds. and chain elongation at 72 °C for
20 seconds.'>'* Samples containing 100 pg of the full-
length genome of HPV types 6. 11, 16, and 18 were used
as positive controls. Negative controls were a fibroblast
line (MRC-3) and ddH,O (Figure 1). Titration experi-
ments were performed for HFV types 6, 1, 16, and 18,
and the detection limit of this system was found consis-
tently to be 107" g or less of HPV DNA. This corre-
sponded to approximately 10 molecules HPV DNA/100
ul reaction mixture. Using standard methods,'* the sensi-
tivity of detection of HPV types 31 and 33 was estab-
lished to be 107'% g of HPV DNA.,

Southern Blot Analysis

The products of the PCR were analyzed by agarose gel
electrophoresis with ethidium bromide staining. #X 174
DNA cut with Aae [1I restnction endonuclease was used
to enable estimation of the sizes of the PCR products.
Southern blotting was performed using a modification of
standard protocols.'® The agarose gel was denatured for
30 minutes in 1.5 M NaCl/0.5 M NaOH, followed by
neutralization for 60 minutes in |.5 M NaCl/0.5 M Tris
pH 7.5/l mM EDTA. The DNA products were then
transferred from the agarose gel to nylon membranes
(GeneScreen Plus; DuPont, Wilmington, DE) by a capil-
lary blot procedure using 6X SSC (0.9 M NaCl, 0.09 M
sodium citrate) as the transfer buffer.

Hybridization for HPV types 6, 1, 16, and 18 was
carried out at 65 °C using full-length genomic probes
which had been labeled with *?P-labeled dCTP by the
random primer method. Hybridization for HPV types
31 and 33 was performed at 55 °C using oligonucieotide
probes that had been end-labeled with *?P-labeled dATP.
Hybridization was undertaken in a solution containing
6x SSC, 20X Denhardt’s solution (0.4% bovine serum
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Fig. 1. Ethidium bromide S5
staining of agarose gel with
positive controls (human W5
papillomavirus types 6, 11,
16, and 18), negative con- us
trols (MRAC-5 and ddH20),
molecular weighnt marker M
(M) ($X174 DNA cut with
Hae IIl}, and specimens of Sé
DMNA from swabs (S), warts
(W), and urine (U). ‘W8
uUs
S7

albumin, 0.4% polyvinyl pyrrolidone, (.4% Ficoil 400),
0.5% SDS. | mM EDTA-disodium salt, and 30 ug/ml
saimon sperm DINA.

Where full-length probes were used, Southern blots
were washed once for 60 minutes with 2X SSC/0.1%
SDS at 63 °C and once for 60 minutes with 0.1X SSC/
0.1% SDS at 65 °C to remove nonspecifically bound
prooe. In the case of oligonucleotide probes, the blots
were washed twice for 3 minutes with 2X SSC/0.1% SDS
at room temperature followed by one wash for 3 minutes
with 2X SSC/0.1% SDS at 33 °C. Autoradiography was
performed for 24 hours on Kodak (Rochester, NY) X-
OMAT S film between intensifying screens at —70 °C.
An example of this is shown in Figure 2.

Results
Clinical Features of the Patients

Fifty-four (46.6%) of the |16 men were homosexual,
50 (43.1%) heterosexual, 7 (6.0%) bisexuai, and 5 (4.3%)
were of unspecified sexual orientation. The age range of
the men was 16.1 to 61.6 years (mean, 28.6 vears). A
history of other previous sexually transmitted diseases
was given by 51 (44.0%) of the men. Two (5.9%) of 34
men who had undergone testing for the human immuno-
deficiency virus within 3 years before sampling of their
warts were found to carry antibody.

The men had been aware of their warts for an average
of 18.1 months (range, 0.5-120 months) before undergo-
ing biopsy. Fifty-four (46.6%) of the biopsy specimens
were assessed histologically, and all were found to have
changes consistent with wart virus infection.'* None of
the specimens showed evidence of dysplasia. Theclinical
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HPV -5
HPY-11
HPV-16
HPV-18
MRC-5
ddH20
M

S1

W1

W1

s2

w2
W2

appearance of the warts was described as classical condy-
lomata acuminata in 94 (8 1.1%) of the men, planarin 10
(8.6%), hyperkeratotic in 26 (22.4%), mixed type in 13
(11.2%), and pigmented in 1.

At the time of sampling, warts were seen at the meatus
in 7 (6.0%) of the men, the glans in 10 (8.6%), coronal
region in 10 (8.6%), foreskin in 8 (6.8%), shaft in 26
(22.4%), scrotum 1n 4 (3.4%), inguinal region in 5 (4.3%),
perineal area in 3 (2.6%), perianal area in 78 (67.2%),
and intraanal site in 14 (12.1%).

S1

HPV=-8
w1 HPV-11
S12 HPV-16
w12 HPV-18
313 MRC-5
o ddH20
M M
S14 R
W14 w4
S15 S8
W15 W9.

516 S10
W1E w10

Fig. 2. Hybndizaton of polymerase chain reaction products with
human papilomavirus (HPV) type S-specific probe on nylon mem-
brane after Southern biot. Abbreviations as for Figure 1. Positive
result seen for HPV type 6 control, warts nos. 8, 9, 10, 12, 13, 15,
and 16, and swab no. 14.
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Types of HPVs in Anogenital Warts

HPV DNA was detected in 112 (96.5%) of 116 wart
specimens. Types 6 and [l were the most common
(84.8% and 82.1%, respectively) and tvpes 31 and 33 the
least common (0.9% and 2.7%, respectively; Table 1).
Infection with two or more types of HPV was found in
84 (72.4%) of the warts. The most common multiple
infection was with types 6 and |1, which occurred to-
gether in 58 (30.0%) of the men and in combination with
other HPV types in a further 21 (18.1%) men. HPV type
6 was found in 83 (99%) of the 84 multiple infections and
type 11 in 79 (94%) of such infections.

The distribution of HPV type found in the warts did
not vary significantly with the site of the biopsy or age of
the pauent (data not shown).

Types of HPVs in the Urethra

Swab specimens. Twenty-two (19.0%) of the 116 ure-
thral swabs contained HPV DNA. Detection rate did not
vary with sexual orientation. Again, types 6 and || were
the most common, but tvpe 16 was detected relauvely
more often than it was in the warts (Table ). Fourtesn
(63.3%) of the 22 swabs contained a single HPV type.
Multiple HPV types were found in eight (36.3%) of the
swabs in which any HPV DNA could be detected. HPV
type 6 was found in seven (87.5%) of the eight swabs
containing more than one type, and HPV type 1! in all
eight. HPV type 16 was the most common single HPV
type detectable, being found in 7 (50%) of the 14 swabs in
which only one HPV type was found.

Loop specimens. HPV DNA was detected in 11
(61.1%) of the 18 urethral loop specimens. Detection
rate did not vary with sexual orientation. Whether the
loop or swab specimen was taken first had no apprecia-
ble effect on the rate of detection. The distribution of
HPV types was similar to that seen with the swab speci-
mens (Table 1). In 5 (27.8%) of [8 specimens there was
evidence of a single HPV type, which was HPV type 16

TABLE 1. Types of HPY DMA Found in Men With Anogenital Warts

No. of Specimens Positive for Indicated Type

HPV Warts Swabs Loops
Type (n=112) (n=22) n=11)
1 35 (84.8)° 9 (40.9) 5({45.5)
11 92 (82.1) 10 (45.5%) 5 (45.5)
16 10 (8.9) 8(36.3) 6 (54.5)
18 20(17.8) 6 (27.3) 4 (36.3)
31 1(0.9) 2(9.1) 1(9.1)
33 3(2.7) 2(9.1) 1(9.1)

n = no. of specimens containing HPV DNA,
* Figures in brackets are percentages of samples containing HPV.
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TABLE 2. Location of Warts in Relation to Detection of Urethral HF
ONA :

No. of Swab With Loops With Total

Patients  HPV DNA (%) HPV DNA (%) No.t
Location® (n = 116) (n=1186) (n=18) (%)
Meatus 7 2(85.7) 1 (66.7) 6 (85.7
Glans 6 ;16,7 3(33.3) 2 (33.3
Corona 8 ;3 (66.7) N.L. 4
Foreskin 4 g N.L. 0
Shaft 19 1 (5.9 1(66.7) 3(15.8
Scrotum 2 2 L 1(50)
Inguinal 2 2 N.L 0
Perianal 67 ﬁ% (14.9) } (60) 13(19.4
Intra-anal 3 2 N.L. 0

n = Total number of patients or of samples taken; N.L. = no loog
sample taken.

* Location of clinically apparent warts seen nearest to the urinan
meatus at the time of biopsy.

T Total number of patients in each category with swabs or loop speci
mens containing HPY DNA.

i Numerator signifies the numter of samples with HPV DNA de
tected in that particuiar group.

in all cases. Of the six loop specimens in which multiple
HPV types were detected, HPV type 6 was always pres-
ent and HPV type |1 found in five (83.3%).

Of the 1| men who had HPV-positive loop samples.
only 5 had urethral swabs specimens that also were
HPV-positive. [n all cases where both loop and urethra.
swab specimens contained HPV, at least one HPV type
was common to both specimens.

Urine specimens. HPV DNA was detected in only |
(6.7%) of 15 urnine samples tested. This was found tc
comprise HPV types |6 and 18. The patient had only
perianal warts and no history of warts elsewhere. Analy-
sis of the wart specimen revealed HPV type 6 alone. Nc
urethral loop sample was taken and HPV DNA was nof
detected in the urethral swab specimen.

Association Between Location of Warts at Time of
Biopsy and HPV Detected in the Urethra

The location of the visible warts in relation to the re-
sults of HPV DNA detection in urethral specimens is
shown in Table 2. Six (85.7%) of the seven men who had
clinically apparent meatal warts had HPV DNA de-
tected in their urethral swab specimens. Thereafter, it
can be seen that the further away visible warts were from
the meatus at the time of urethral sampling by swab or
loop, the smaller the proportion of urethral samples con-
taining HPV DNA. The association was not seen with
loop samples, but the number examined was small.
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TABLE 3. Location of Warts in Relation to Urethral HPV Type

MNo. (%) Swabos/Loops
Cantaining Indicated HPV

No. Types
Swabs/Loops

Containing 16, 18,
Location® HPV DNA Gor 11 31, 0r33
Meatus 6 6 (100} 5(83)
Glans 2 2 (100) 1 (50)
Corona 4 1(25) 3(75)
Shaft 3 1(33) 2(67)
Scrotum 1 [¢] 1
Penanal 13 3(23) 11 (85)

" Location of clinically apparent warts seen nearest to the unnary
meatus at time of biopsy.

Association Between HPV Types Detected in Warts and
in the Urethra

The relation between the location of warts and the
HPV type in the urethra is shown in Table 3. HPV types
6 or || were found in diminishing frequency in the ure-
thra as the warts were located more distally from the
urethral meatus. In contrast. there aupeared to be no
such association for HPV types 16, 18,31, or 33.

Of the 22 swab samples in which HPY DNA was de-
tected, 10 (45.4%) had at least | type in common with
the corresponding warts. Furthermore, 6 (54.5%) of the
I | loopsamples in which HPV DINA was detected had at
least | HPV type in common with the corresponding
warts.

Discussion

There have been several studies to determine the fre-
quency and type of HPV DNA in anogenital warts in
men. The finding of HPY DNA in 96.6% ol wart speci-
mens is consistent with the 69%'* 1o 100%'® found in
previous studies. The small proportion of warts without
detectable HPV DNA in our study presumably repre-
sents infection with HPV types not tested for. small
quantities of viral DNA, or inadequate extraction of
DNA from the samples.

The most common method for screening for the pres-
ence of infection with HPV is by clinical examination. [t
has been suggested that this should be supplemented by
microscopic examination of the skin after the applica-
tion of 3% to 3% acetic acid.'”'? In addition to the time
and resources required to undertake such an examina-
tion, however, studies suggest that response to acetic acid
staining is not specific for HPV infection.”®*' Most clini-
cally apparent HPV-associated lesions of the urethra oc-
cur in the terminal | cm.* Only one study® has been
concerned with the response of the urethra to acetic acid,
and in this the procedure was found to be unhelpful.
Urethroscopy is not only impractical in a clinic setting,
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but also carries the theoretical risk of spreading HP
more proximaily.

Another approach is to attempt to detect HPV direct|
in the anogenital area. The PCR is sufficiently sensitis
so that sample size may be minimized to restrict genit:
trauma. The interpretation of the results of such e
tremely sensitive methods, however, must take into ac
count contamination of the patients genitalia from re
cent contact, as well as that potentally introduced du:
ing sample collection and processing. Epithelial cells ar
easily removed from the urethra, a principle that is we
established in diagnosing urethritis in the male. Urethrs
swabs designed for the detection of Chlamyvdia trachc
matis and the 10-ul “*blue loop” routinely used for th
investigation of urethritis in the maie were chosen fc
this study because they have been found previously to b
both acceptable to patients and effective in sampling th
urethral epitheiium for urogenital pathogens. Initial anal
vsis of urethral specimens by Southern blotting showe:
that more DNA was present in the swab specimens tha
in those obtained by the loop method. It was on the basi
of this finding that swab samples alone were taken fron
the rest of the men. When both loop and swab sample
were taken from the same patiznt. five of the six patient
whose swabs contained HPV DNA also had HPV DNA
positive loop specimens. Furthermore, HPV DNA wa
detected in five loop samples but not in the correspond
ing swab. Use of the loop would therefore seem 1o b
more sensitve for the detection of urethral HPV infec
tion than that of the swab.

Attempts to detect HPV in urine by cytologic assess
ment, "% dot blot,*® and Southern blotting*” have beer
disappointing. Several zroups'***** have detected HP®
DNA in urine using the PCR, so this too was included 11
our study; however, we did not find that testing urin:
was usetul. It is possible that we may have detected mor
HPYV if we had collected larger volumes of urine,'? or ha
used early morning urine samples.

Twenty-five men had HPV DNA detected in their ure
thras and a further man had HPV DNA in his urine
aithough whether the latter was urethral in origin coul
not be assessed. Thus, overall there was evidence of geni
tourinary tract infection with HPV in 26 (22.4%) of thi
men. This compares with one study® in which HP\
DNA was sought in the urethra using a cytologic brust
to remove cells and Southern blotting 1o determine ths
HPV type: 25 (33%) of 75 men with genital warts wer
HPV-positive in the urethra and 9 (36%) of these 25 mer
had HPV types 16, |8, or 31. Wikstrém et al,*® using th
PCR in combination with the dot blot method, founc
that 46 (89%) of 52 men with genital warts had HP\
DNA in their urethras. [t is unciear whether this reflect
a true difference in the epidemiology of HPV betweer
the populations studied, or methodologic differences.
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The sample of men chosen in our study was unusual,
containing a large proportion of homosexual men with
perianal warts that had been present for some consider-
able time. Because newer warts contain more viral parti-
cles than older ones,* it is possible that the urethral
carmiage rate would have been greater if a larger propor-
tion of men with newly developed warts had been exam-
ined. Furthermore, urethral carriage was more common
when warts were visible near the meatus, and the pre-
ponderance of men in this study with perianal warts may
have led 10 a further underestimation of the typical
carnage rate. [t is noteworthy that the association of ure-
thra)] HPY DNA carriage with proximity of clinically
apparent warts to the meatus occurs with HPV types 6
and |, but not with the other types considered. We sug-
gest that types 16, 18, 31, and 33 may be true colonizers
of the urethra, whereas the finding of types 6 and ! in
the urethra may be occurmng as a result of contamina-
tion from adjacent warts.

Multiple infections with different HPV types have
been reported,'??%?* although this has been disputed by
others.” The use of full-length genomic probes, high-
stringency hybndization conditions, and positive con-
trols for all the HPV types provides us with the cond-
dence that our results are indicative of true muliuple in-
fections, rather than cross-hybndization. In companson
to warts, urethral infections were less likely to occur with
multipie HPV types. but more commonly with type 16.
The latter finding is consistent with the predominance of
HPV 16 in penoscopicaily abnormal areas.’®® The high
frequency of clinically inapparent infection with HPV
16 may be an important factor in the mechanism by
which “high-risk males***" increase the likeiihood of
their partners developing cervical cancer.

Only about half the men had one or more HPV types
in the urethra that were in common with those in the
warts. This mismarch is seen also, for example, in the
HPV types found in neonatal foreskins and those in the
maternal cervix.’® The common occurrence in the geni-
tal tract of multiple infections with HPV and the failure
to detect all HPV types may help to explain these situa-
tions.

Clearly, the PCR is not vet suitable for routine clinical
practice, but it may be of value in helping to understand
the epidemiology of HPV and thus to devise manage-
ment strategies. Even if the PCR was more widely avail-
able, it is currently unclear whether the detection of
HPV DNA in small quantities in the absence of clinical
disease implies that the person is infectious to his sexual
partners. Detectable HPV DNA probably implies that
viral particles are being shed from the epithelium, how-
ever, and that the person is potenually infectious. Fur-
ther studies are required to assess infectivity, and to de-
termine how the presence of HPV vares with time, in
other groups of men, and in response to treatment.
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Human papillomavirus DNA in the urogenital
tracts of men with gonorrhoea, penile warts or

genital dermatoses

R J Hillman, B K Ryait, M Botcherby, D Taylor-Robinson

Abstract

Objective—To assess the presence of
human papillomavirus (HPV) DNA in
urethral and urine specimens from men
with and without sexually transmitted
diseases.

Design—Prospective study.

Setting—Two London departments of
genitourinary medicine

Patients—100 men with urethral gonor-
rhoea, 31 men with penile warts and 37
men with genital dermatoses.
Methods—Urethral and urine specimens
were taken, HPV DNA extracted and
then amplified using the polymerase
chain reaction. HPV types 6, 11, 16, 18,
31 and 33 were idendfied using Southern
blotting followed by hybridisation.
Results—HPV DNA was detected in 18-
31% of urethral swab specimens and in
0=14% of urine specimens. Men with
penile warts had HPV detected in ure-
thral swabs more often than did men in
the other two clinical groups. “High
risk” HPV types were found in 71-83% of
swab specimens and in 73-80% of urine
specimens containing HPV DNA.
Conclusions—HIV is present in the uro-
genital tracts of men with gonorrhoea,
penile warts and with genital der-
matoses. In men with urethral gonor-
rhoea, detection of HPV in urethral
specimens is not related to the number of
sexual parmers, condom usage, racial
origin or past history of genital warts.
HPYV DNA in the urethral swab and urine
specimens may represent different
aspects of the epidemiology of HPV in
the male genital oract. The preponder-
ance of HPV types 16 and 18 in all three
groups of men may be relevant to the
concept of the *high risk male”.

(Gemitourin Med 1993;69:187-192)

Introducdon
Genutal warts are the most common of the
sexually transmitted viral diseases in the
United Kingdom.' Evidence suggests®' that
the majority of condvlomata acuminata are
sexually acquired, but the epidemiology of
subclinical and latent infectuons of the genital
tract with HPV is less well understood.'

DNA from the “genitotropic” HPV rtypes
has been isolated from clinically normal cer-
vices® and it has been suggested® that carriage

of HPV in adjacent histologically normal ts-
sue may be an important factor in the recur-
rence of disease after treatment. The male
counterpart of carriage of HPV in the absence
of disease has not been fully defined, but
HPV DNA has been detected in the genital
tracts of 5-8% of men with no evidence of
condylomata acuminata attending blood
donor and dermatology clinics.”

Men with urethral gonorrhoea form a well
charactenised group,® whose lifestyles have
put them at risk of acquiring sexually trans-
mitted diseases. In an attempt to improve the
rational basis for the counselling of such men,
we evaluated the frequency of carriage of
HPV DNA in their urethras and urine. The
results were then compared with those
obtained from studying a group of m~a with
penile warts and a group of men with no evi-
dence of sexually wansmirtted diseases.

Methods

Patients and collection of spectmens

One hundred male patients who attended
consecutively one of two genitourinary medi-
cine clinics during the period 1 July 1990 two
31 December 1990 were selected. Selection
was on the basis of having symptoms or signs
of urethrits, finding intracellular Gram-nega-
tve diplococci on the urethral smear, and no
condylomata acuminata visible on clinical
examination of the geniralia, including the
mearus. A urethral sample taken with a 10 gl
plasuc loop (GIBCO, Paisley, UK) was
spread onto a glass slide for Gram staining
and subsequently smeared onto a selective
medium. Then, the plates were incubated at
37°C in an atmosphere of air and 6% CO.
before transport to the laboratory for further
incubation and identification using standard
methods. Men were excluded if Netssena gon-
orrhoeae was found not to have been culrured
from the urethral swab.

After informed consent had been given, a
detailed clinical history was obrained using a
structured questionnaire. A second urethral
sample was taken using a corton-tipped swab
(“STD-Pen for Males”, Abbott Laboratories,
Chicago, [llinois, USA) from all of the men.
This and the first sample from the two glass
urine test were kept for subsequent analysis in
88 of the cases.

Urethral swab and urine samples were also
taken in the same manner from 32 men who
artended the clinics with penile warts and
from 37 men presenting with genital der-
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matoses but with no cvidence of sexually
rransmitted disease at the nme of sampling.
None of the men had meatal warts.

Processing aof specimens

Artempts were made to avold cross-contami-
navon of DNA products by preparing of
reagents, pProcessing patent Mmatenal, and
undertaking the polvmerase chain reaction
(PCR) and Southern bloting in separate
rooms. Positive displacement pipettes or sin-
gle-use Pasteur pipettes were used to distmb-
ute reagents for the PCR and to add the
DNA samples tw the reaction mixtures.
Positive and negative controls were included
in each expenment.

DNA extraction

Urethral swabs were immersed in 320 gl of
lysis  butfer conwining 160ul of 2 x
Summers’ buffer / pH 30 (40 mM TRIS-
HCI, 0-3M NaCl and 20mM EDTA-tetra
sodium salt), 100 ul double disulled water
(ddH,0), 32 ul pronase E (10 mg/ml), 28 ul
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Figure 2 Hvbridisanion of PCR products with HPV tvpe | -specific probe on nylun
membrane follovwing Southern blot, Abbreviatons us for fig 1, Positive resudt seen for HPV
rype 11 conrrol, unne no, 8 and swab no. 9.

of 2-5% sodium dodccyl sulphate (SDS) and
4 il of 0-8 meg/ml (RNA. Urnine samples were
centrifuged at 3000 rpm for 10 min and the
pellet resuspended in 320 ul of the sume lysis
buffer. Samples were incubated at 37°C
overnight to allow lysis of the cells and dis-
rupton of proteins. DNA was isolated from
the specimens by two TE-equilibrated phenol
extraction followed by a 24:1 chloroform-
isoamyl alcohol extraction and ethanol pre-
cipitauon for ! hour at —70°C. The DNA
peller was collected after centrifugaton for 10
min ar 14 000 rpm, washed briefly with 70%
ethanol and dried under vacuum for 30 min.
The resulting peller was then resuspended in
40 xl ddH, 0.

The PCR

The method was based on that of Saiki ¢ al,”
in which general primers GP5 and GP6"
were used to amplify DNA from the L1 open
reading frame of HPV oypes 6, 11, 16, 18, 31
and 33.

Amplification of DNA was performed
using 100 ul of a reaction mixture containing
30mM KCI, 10 mM Tns-HCl pH 8-3,
0:01% wiv gelaun, 200 uM each of dATP,
dCTP, dGTP, and dTTP, 35 mM MgCl,,
23 units of Tug polymerase (GIBCO, BRL
Life Technologies, Uxbndge, Middlesex,
UK) and 50nM each of GP5 and GP6. The
mixture was overlaid with several drops of
mineral o1l to prevent evaporauon and sub-
jected to 40 cycles of amplificadon using a
PCR processor (Hybaid, Teddington, UK.
Each cycle included denarturation at 94°C for
20 seconds, primer annealing at 40°C for 60
seconds and chain elongaton at 72°C for 20
seconds.'' '* Samples containing 100 pg of the
full length genome of HPV types 6, 11, 16
and 18 were used as posiuve conrtrois.
Negative controls were a fibroblast line
(MRC-5) and ddH,O (fig 1). Senal dilutions
of HPV DMNA were tested and the detection
limit was found consistently o0 be 10 g or
less of DNA. This corresponded to approxi-
mately 10 molecules of HPV DNA/100 ul of
reacton mixture,

Southern blorting
20 ul of 2ach of the products of the PCR were
analysed by using agarose gel electrophoresis
with eudndium bromide staining, ¢X174 DNA
cut with Hae [II restriction endonuclease was
used 1o enable estumation of the sizes of the
PCR products. Southern blotting was per-
formed using a modificaton of standard pro-
tocols.”® The agarose gel was denatured for
30 min in 1-5M NaCl/ 0-5M NaOH, fol-
lowed by neurtralisation for 60 min in 1'5M
NaCl0-5M Trs pH 7-5/1mM EDTA. The
DNA products were then transferred from
the agarose gel to nylon membranes (Gene-
Screen Plus, DuPonr, USA) by a capillary
blot procedure using 6 % SSC (0-9M NaCl,
0-09M sodium citrate) as the transfer buffer.
Hydridisation for the detecton of HPV
vpes 6, 11, 16, 18, 31 and 33 was performed
at 55°C for 16 w 24 hours using oligonu-
cleotide probes which had been end-labelled



Table | Tvpes of HPV DNA found in nrethra and urine
of men with urechral gonorrhoea

No of speamens positroe for indicated tvpe

Swab Urine Stoab or Urine

HPY repe m=18) m=11) fn=25)
o 5(28)* 327 7(28)
11 8 (44 6 (54) 13 (52)
16 6(33) 6 (54) 10 (40)
13 739 2(18) 3(32)
31 201 0 28

33 {1y 0 2@

*Figures in brackers are percentage uf swab or unne speci-
mens with HPV DNA present.

with *?P-labelled dATP. Hybridisauon was
undertaken in a solutdon containing 6 X
SSC, 20 x Denhardt’s soluton (0-4%
bovine serum albumin, 0-4% polyvinyl
pvrrolidone, 0-4% Ficoll 400), 0-5% SDS,
ImM EDTA-disodium sait and 350 ug/ml
salmon sperm DNA (Sigma, Dorser, U.K.)
To remove non-specifically bound probe, the
Southern blots were washed in low stringency
conditons of 2 x §8C/0-1% SDS for 5 min
at room temperature, followed by one wash
with 2 x SSC/0-1%SDS for 5 min at 55°C.
Autoradiography was performed for 24 hours
on Kodak X-OMAT 8§ film berween intensi-
fying screens at —70°C. An example of this is
shown in fig 2.

The oligonucleotde

probes (prepared

using a Milligen/Biosearch 7500 DNA
Synthesizer) were:
HPV 6 5' ACA TGC GTC ATG TGG
AAGAGT ¥

HFV 11 53" TAA ATC TGC TAC ATA
CACTAA 3
HPV 16 5" TCT ACT TCA GAA ACT
ACATAT 3
HPV 18 5' TGC TTC TAC ACA GTC
TCCTGT 3’
HPV 31 5 CAC ACA AGT AAC TAG
TGA CAG ¥
HPV 33 5' TCT GTT TGT GCT GCA
ATTGCA Y

Results

Dermographic and clinical features of the patents
Seventy-six of the 100 men with urethral gon-
orrhoea described themselves as hererosexual,
19 homosexual, and five bisexual. Their age
range was 1l7-0 to 5356 years (mean 26-7
years). Fifty-two of the men were Canbbean,
34 Caucasian, eight African and four from

Table 2 Single and mulnple types of HPV foud in
urethra and urine of men twith gonorrhoea

other racial groups. Information on the ethnic
origin of two men was not available. The
mean number of lifetime sexual partners was
43, with & range of 3 to 200; in addidon, one
bisexual man claimed to have had 1000 life-
time sexual partmers. A history of genital
warts was given by six of the men. One of 85
of the men who gave blood specimens at the
ume of presentation had serological evidence
of syphilis. Fifty-eight of the men were ciga-
rette smokers. Of the 98 men who provided
informadon on condom usage, 27 claimed
always, 39 sometimes and 12 never to have
used them.

The demographic and clinical features of
the men with penile warts or with no ewvi-
dence of sexuaily wransmitred diseases were
not appreciably different from the men with
gonorrhoea.

Types of HPV detected in swab and urine
specimens from men with gonorrhoea

Eighreen of 100 wurethral swabs and 11
(12-5%) of 88 urne specimens that were
obtained contained HPV DNA. Owerall,
HPV DNA was detected in one or other
specimen from 25 men; this comprised 15
{25-83%) of the 38 cigarerte smokers and 10
(273:8%) of the 42 non-smokers. HPV rypes
1', 16 and 18 were the most common in both
mypes of specimen (Table |). The differsnt
combinatons of types of HPV found in the
specimens is shown in Table 2. DNA from
HPV rypes 16, 18 31 or 33 (the so-called
“high nisk” types) was found in 15 (83%) of
18 swabs and in 8 (73%) of 11 urine speci-
mens in which any HPV DNA could be
derected.

HPV in relation to demographic and clint
detals of men with gonorrhoea

The occurrence of HPV types in urethral or
urine specimens was not associated signifi-
cantly with racial origin, the number of life-
tme sexual partners, a history of non-genital
warts, condom usage, or whether cigarettes
were smoked.

Twenrty-one (28%) of the 75 men who
were 30 years or less had detectable HPV, as
compared to four (16%) of the 25 men who
were older. Twenty-two (29%) of the 76 hert-
erosexual men, three (16%) of the 19 homo-
sexual men and none of the five bisexual men
had HPV detectable. One (17%) of the six men
with a history of gemital warts had HPV present.

Table 3 Derecnon of HPV in urethral swab and urne

d tvpe

P i relanon ro clinical group

No of specimens positvoe for mdi

Stwab
(n=18)

Urine
HPV tvpe fn=11)
% alone
11 alone
16 alonc
18 alone
31 alone
33 alone
6and 11
G, 11 and 16
oand 18
11, I6and 18
16, 18, 31 and 33
3,33

o A D e D
COCOwWOOOWWWD

Proportion (*3) of specimens positive
1 parents with

Urcthral Pemie Gentul
zonorrhoea wars Dermaroses
Specimen tvpe
Urethral swab 18/100 (18)  10/32 (31) M7 (19
Unne 11/88 (13) ors 537 (14)
Urethral swab
or urine 25/100(25) 132 (31) 9137 (24)
“‘High risic”” HPV tvpes
Urethral swab
specimen 15/18 (83) 10 (RDY 37 (T
Unine specimens MY o +5 (300




Detecrion of HPV in relation to clinical group
The results of testing urethral and unne spec-
imens from men with gonorrhoea are com-
pared with those from men with penile warts
and with genital dermatoses in Table 3. The
occurrence of HPV in the specimens from the
men and the proporton of those with “high
risk” types appear to be independent of clini-
cal status.

Discussion

The results of several studies'*~" have shown
that 20%'" to 32%" of men presenung to
genitouninary clinics with genital warts have
evidence of at least one other sexually trans-
missible disease (STD). In particular, the
incidence of gonorrhoea in such men vanes
from 0%'" 1o 9:0%.'% These studies rely on
the clinical idenufication of condyvlomata
acuminata, which probably represent only a
minonty of HPV infections of the anogenital
area’ and they do not address the subicct of
this communicauon, namely the question of
how often men with gonorrhoea are infected
bv HPV,

The use of DNA technology, in particular
the PCR, has led to the detecuon of HPV ina
large proporion of cervical scrapes from
women with and without clinically apparent
discase. Understanding the epidemiology of
HPV intecnion of the male genital wract has,
lowever, been hampered by the lack of a
satistactory counterpart to the cervical scrape.
Urethral cvtology**** and HPV antigen detec-
tton" " have been found insensive for
detecung HPV. Furthermore, there seems to
be u poor correlagon in men between cyto-
logical abnormalities and the presence of
HIPV DNAL* Thus, the quesuon of what
constitutes an appropriate approach to sam-
pling in men is pertinent.

Anogenital infecuon with HPV scems to be
multfocal”™ and there is evidence of wide-
spread  subclinical infecton which may be
visualised by aceuc acid staiming.* However,
this method s neither specific™ ** nor sensi-
tve,”* and s general introduction for the
screening of men would have sigrificant
resource implicattions with no clearly estab-
lished benefir.™ "

In conrrast, samples obtained by applving
abrasive pads and brushes to the male
wenitalia™ ™ have enabled specific detection of
HPV. The majonty of urethral condylomata
acurminata develop in the distal | em of the
urethra' and it has been postulated® that this
arca of the urcthra may be analogous to the
transitional zone of the cervical epithelium
and might act as a reservoir for infection with
HPV.* In view of these observations, the
finding' that urethral swabs are as etfective as
abrasive pads in detecting infection with HPV
in male genitalia, and that the men had a
urethral discharge, we undertook urethral
sampling of our padents. Cotton wool-tipped
swabs, designed onginally for the detection of
C. trachomaits, were used, as they have been
found previously to be acceptable to padents
and effecuve in sampling the urethral epitheli-

um for urogenital pathogens. As several
groups'' #» have deteccted HPV DNA in
urine, examinadon of unne also tormed part
of our study.

The PCR, when used under carctully con-
rrolled conditions, is currently the most sensi-
tve technique for the detection of HPV,™
allowing detection of very few viral parucles.
Sample size, therefore, may be small and
genital trauma minimised. As great care was
taken during the collecion of clinical
material, and both positive and negative con-
trols were used at all stages of analysis of the
specimens, we are confident that the results
reflect the tue occurrence of HPV in the
specimens, rather than contamination. Our
detecuon of HPV DNA in the urogenital
tracts of 24—31% of men attending the clinics
compares with the finding of HPV DNA in
the gemital tracts of 31 (53-3%) of 330 men
attending a blood donation centre and a der-
marology department,” and of 7 (8%) of 39
Swedish army recruits,” none of whom had
clinical evidence of anogenital warts. Our
findings are consistent with the 20% of men
attending STD clinies in the UK* and the
USA" without evidence of condvlomara
acuminata but with HPV DNA detectable in
genital swabs. One other group of workers™
found HPV DNA in 191 (84") of 228 men
attending a Swedish STD clinic. The validity
of this result has yet to be confirmed, the
authors accepting that they may have over-
esurnated the incidence.

[n an attempt to assess the significance of
finding HPV in a proportion of the urethral
swab specimens from men with gonorrhoea,
we investigated two other groups of men from
the same clinics. Men with penile warts were
included in view of their clinically apparent
infection with HPV and because of evidence™
suggesung that HPV may be found con-
waminatng the urethra as a result of passive
transfer from adjacent warts. We also includ-
ed a group of men with no sexually transmit-
ted disease at the ume of sampling, that s,
those with genital dermatoses. Of particular
note is the observadon that similar propor-
uons of men with gonorrhoea and men with
no sexually transmitted disease had HPV
DNA derected in both their urethral swab
and urine specimens. Furthermore, this
observation suggests that urethral irritanon
per se in men with gonorrhoea is not a signifi-
cant factor in the shedding of HPV from the
urethra. The small number of urine speci-
mens taken from men with penile warts
makes interpretadon of the results for this
group of men difficult. .

The detection of HPV DNA in the urine of
0—14% of the men in our study contrasts with
that in the urine of 15 (88%) of 17 men with
meatal warts and none of 14 healthy controls
in one study,' and with that in the urine of
wo (22%) of 9 men whose partners had HPV
infecdon." Condylomara acuminata occur
rarely in the bladder® and there have been
conflicting reports of HPV DNA in the
prostate.”" As only a small proportion of
men in each clinical group had HPV DNA



detectable in both the urine and urethral
swab specimens, it may be thart thesc different
sampling techniques enable results in assess-
ment of different aspects of infection of the
urogenital tract with HPV.

The significance of detecting HPVs in the

male urogenital tracr is difficult to derermine.

It

is possible that a few viral partcles might

remain on the geniralia from recent sexual
conract, and even from underwear,** without
actually represendng active infection. The
natural history of subclinical HPV infection
and, in particular the infectousness for sexu-

al

parters, is also unknown. I[ndeed, it is

currently unclear whether subclinical HPV
infection is sexually acquired® as DNA of the
gemtou‘opic HPV types has been found in
virgins,* the foreskin of neonates™ and on
fomites.*® The lack of correlaton between the
presence of HPV DNA and the number of
life-time sexual parmers of the men seen in
our study argues against sexua! transmission,
as does the reported condom usage, although
the reliability of such reported behaviour is
clearly open to queston. Furthermore, the
minor differences that we detected in the
rates of HPV infecnon in men with and
without sexually transmirted discases suggest
that sexual lifestyle may not be a major factor

in

derermining infecdon with HPV.

However, the greater incidence of HPV in
men in younger age groups is consistent with
sexual transmission. Other authors*’’ have
also found ambiguous evidence of sexual
transmission in clinically inapparent infec-
tons.

Our finding of a larger proportion of “high
nsk” HPV types than

“low risk™ types in

asymptomatic infections normally found in
condyiomata acuminata, is consistent with

the results of other studies,***

Further-

more, our observations were independent of
both the sample type and patient group, and
may be relevant to the concept of the “high
risk male”, whose sexual parmer(s) are at
increased nisk of cervical dyspiasia.”**" [n view
of the evidence linking infection with HPV o
anogenital neoplasia in both women and
men, " further work nceds to be done to fully
evaluate the various methods for detecting
HPV infecton. [n particular, the role of sexu-
al acavity in the acquisiton and maintenance
of geniral HPV infection needs to be clarified.
Only then will it be possible o understand
the nature of this conditon, and to develop
rational management strategies.

The authors thank the staff of the Jefferiss Wing, St Mary's
Hospital, London and the Pamick Clements Clinic, Central
Middlesex Hospital, London for refermng panentss for this
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and Dr 5 Murphy for allowwng us to conduct the study in their
clinics, and Mrs Marv Phillips and Ms Fay Miller who helped
collect the specimens and clinical data.
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Human papillomavirus DNA in the urogenital
tracts of men with genital dermatoses:
evidence for multifocal infection

R J Hillman MRCP!, B K Ryait MSc!, M Botcherby MSc',
M M Walker MRCPath? and D Taylor-Robinson FRCPath!
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3the Department of Histopathology, St Mary’s Hospital Medical School, Norfolk Place,
London W2 1PG, UK

Summary: [n an attempt to assess the multifocal nature of anogenital HPV infection
in men, skin biopsies, urethral swabs and urine specimens were obtained from 100
men with genital dermatoses. The specimens were examined for the presence of
human papillomavirus (HPV) types 6, 11, 16, 18, 31 and 33 using the polymerase
chain reaction and Southern blotting techniques. HPV DNA was detected in one or
more specimens from 39 patients, that is 29 of 100 biopsy specimens, 21 (25%) of 85
urethral swab specimens and 6 (10%) of 59 urine specimens. HPV DNA was more
common in men with at least 20 lifetime sexual partners and in those who gave a
history of anogenital warts. Twelve (18%) of 66 biopsy speciinens with no histological
evidence of warty change or neoplasia had detectable HPV DNA. HPV DNA was
detected no more frequently in the urethral and urine specimens from men with
histological evidence of warts or neoplasia than from men without such changes.

HPV tvpes 6 and 11 were most common in biopsy specimens with histological
changes of typical HPV infection. HPV type 16 was commonest in biopsy specimens
with neoplasia and type 18 with other changes. Furthermore, “high-risk” HPV types
were found proportionately more often in urethral swab and urine specimens than
in biopsy specimens. There was generally a poor correlation between the detection
of HPV DNA at the different sites.

A greater understanding of the role of HPV in the production of genital
abnormalities is required in order to develop a rational approach to the management
of these patients.

Keywords: HPV, male urogenital tract, genital dermatoses

INTRODUCTION

There is increasing evidence linking human
papillomavirus (HPV) infection of the female genital
tract with neoplasial. The lack of a male counterpart
to the cervical scrape, together with the lower
incidence of penile carcinoma compared to cervical
carcinoma?, and the difficulty in interpreting the
results of acetic acid staining of the male genitalia’®
has led to less attention being paid to the interaction
of the male genital tract with HPVs. The majority
of the clinically apparent genital HPV infections are
sexually acquired!, so we postulated that the
frequency of genital HPV infection in men might be
similar to that in women. To address this issue

Correspondence to: Dr R ] Hillman, The Ambrose King Centre,
The Roval London Hospital, Whitechapel, London E1 1BB, UK
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we chose to examine men with and without HPV-
associated disease who had clinicai indications for
genital biopsy.

[nfection of the female genital tract with HPV is
often multifocal®. To determine whether infection
of the male genital tract with HPV is also multifocal,
we examined samples taken from 3 different sites
on the male genitalia. The polvmerase chain reaction
(PCR) in combination with Southern blotting were
used to detect HPV DNA, as these methods are
highly sensitive and specific®.

METHODS

Patients and collection of specimens

One hundred male patients consecutively under-
going genital biopsy at a genital dermatosis clinic
were selected. Men were referred to this clinic from
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the main genitourinary department if they had
a persistent genital dermatosis which had not
responded to treatment and the clinician felt that
biopsy would help in confirming the diagnosis. In
addition, patients were seen whose genital lesions
were atypical in appearance and in whom a biopsy
was considered necessary to establish the diagnosis’.
Lesions of classical condylomata acuminata were
not biopsied. All patients were screened for the
commonly occurring sexually transmitted pathogens,
and treated when necessary. After informed consent
had been obtained, a detailed clinical history was
taken using a structured questionnaire. The genitalia,
including the meatus, were examined by naked eye
and a biopsy taken from a representative area using
the skin snip technique’. The sample was then cut
into 2 pieces; one was placed in formal saline for
subsequent histopathological analysis, and the other
in phosphate-buifered saline (PBS) for HPY DNA
analysis. Once haemostasis had been secured, a
urethral sample was taken with a cotton-tipped
swab ('STD-Pen for Males’, Abbott Laboratories,
Chicago, [llinois, USA) using a ‘no touch’
technique. The patient was then asked to provide
10 ml of first-pass urine. The results of one set of
samples were recorded per patient.
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Processing of specimens

Standard techniques were used for making
histopathological diagnoses®’. All specimens in
which a histopathological diagnosis of non-specific
dermatitis was made were additionally stained by
the periodic acid Schiff method.

To avoid cross-contamination of DNA products,
preparation of reagents, the processing of patient
material, and the PCR together with Southern
blotting were performed at separate sites. Positive
displacement pipettes or single-use Pasteur pipettes
were used to distribute reagents for the PCR and
to add the DNA samples to the reaction mixtures.
Positive and negative controls were included in each
experiment. Laboratory staff were unaware of the
clinical status of the men.

DNA was extracted from the biopsy specimens
and urethral swabs as described previously®. Urine
samples were centrifuged for 10 min at 3000 rpm
and the sediment suspended in 160ul of 2x
Summers’ buffer (40 mM TRIS-HC], 0.3 M NaCl and
20mM EDTA-tetra sodium salt) pH8.0. Samples
containing 100 pg of the full length genome of HPV
types 6, 11, 16 and 18 were used as positive controls;
types 31 and 33 were not available. Negative

g HPV 6
HPV -1l
HPV-16
HPY-18
MRC-5
ddHy0
OX174
BX -1

ot ({1

Figure 1. Ethidium bromide staining of agarose el with positive controls (HPV types 6,11,16 and 18), neyative controls (MRC-3 fibroblasts
and ddH,0), molecular weight marker (6X174) and specimens of DNA from biopsies (BX), swabs (5) and urine (U). Smmples 8X-2a and BX-2b
are from two different sites on the scrotum of one patient. Positive results are seen with samples BX-4, S, U+, BX-3, BX-6, U-6. BX-1,

S-1, BX-2a, and BX-2b



Hillman et ai. HPV DNA in men with genital dermatoses 149

HPV-6
HPV-11
HPV-16
HPV-18
MRC-5
ddHoO
VX174
BX-1
S-1
BX-2a
BX~2b

o DY

S_
U'

Figure 2. Hybridization of PCR products unth HPV type 11-specific probe on nylon membrane following Southern blot. Abbreviations as for
Figure 1. Positive results are seen with HPV type 11 control, BX-+4, S4, BX-5, BX-6 and U-6

controls comprised a fibroblast line (MRC-3) and
ddH,O (Figure 1).

The PCR method was based on that of Saiki ef
al.’ and is described elsewherel®. The products
were analysed by the Southern blot procedure,
using agarose gel electrophoresis with ethidium
bromide staining. Hybridization for the detection of
HPV types 6, 11, 16, 18, 31 and 33 was performed
at 55°C for 16 to 24h using oligonucleotide
probes* which had been end-labelled with 2P-
labelled dATP. Examples of this are shown in

Figure 2.
RESULTS

Clinical features of the patients

The age range of the men was 18.6 to 68.6 yr
(mean 35.9 yr). Seventy-five were Caucasian,

“Oligonucleotide probes (prepared using a Milligen/Biosearch
7500 DNA Synthesizer):

HPV 6 5" ACA TGC GTC ATG TGG AAG AGT 3’
HPV 11 3" TAA ATC TGC TAC ATA CACTAA ¥’
HPV 16 5' TCT ACT TCA GAA ACT ACA TAT 3
HPV 18 5" TGC TTC TAC ACA GTC TCC TGT 3
HPV 31 5" CAC ACA AGT AAC TAG TGA CAG ¥
HPV 33 5" TCT GTT TGT GCT GCA ATT GCA ¥

10 Afro-Caribbean and 15 of other racial origins.
Eighty-five of the men were heterosexual, 11
homosexual and 4 bisexual. The men admitted to
a range of one to 1000 (median 20) life-time sexual
partners. No men had typical genital warts at the
time of biopsy. Twenty men were circumcised, 69
were not and this information was not recorded in
11 cases. Nineteen men gave a history of anogenital
warts, 76 did not, and this information was not
recorded in 5 cases.

The lesions had been noticed by the men over a
range of one to 180 months (mean 31 months). At
the time of sampling, the predominant location of
the dermatosis was on the glans penis in 44 of the
men, coronal region in 12, frenulum in 2, foreskin
in 14, shaft in 26 and scrotum in 2. The histological
diagnoses of the biopsy specimens are shown in
Table 1.

HPV in relation to possible risk factors and
demographic details

The proportion of biopsy, urethral swab and urine
specimens containing HPV are given in relation to
various possible risk factors and demographic
details in Table 2. Although the numbers are small,
there is a suggestion that infection with HPV is more
common in men admitting to at least 20 lifetime
sexual partners than those with fewer partners, and
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Table 1. Histopathological diagnoses of biopsy specimens from
100 patients

Category  Histopathological diagnosis Ne. of
patients
Wart Typical wart virus intection 2
Neoplasia  Basal cell papilloma 3
Dysplastic wart* 1
PIN* 1 1
PIN 2 5
PIN 3 2
Other Non specitic dermatosis 24
Lichen sclerosus 13
Lichen planus T
Lichen nitidus 1
Lichen simplex 1
Psoriasis z
Fungal infection 2
Miscellaneous* 1

‘Histopathological change not amounting to PIN 1

"Penile intraepithelial neoplasia

"This group comprised: normal, not diagnostic, scarring,
granuloma annulare, plasma cell balanitis, lentigo, venous
haemangioma, sebaceous cyst wall, molluscum contagiosum,
folliculitis and drug rash

in those with a history of anogerut! warts compared
to those without. An association between HPV
infection and other factors is less clear.

Detection of HPV in relation to specimen type and
to histopathological findings

HPV DNA was detected in one or more biopsy, swab
or urine specimens from 39 patients. The histo-
pathological findings in the biopsy specimens in
relation to the HPV types detected in the 3 types of
specimens are shown in Table 3. The relation between
HPV type detected, specimen type and histo-
pathological findings is presented in Tables 4 and 5.

HPV in biopsy specimens

HPV DNA was detected in 29 of 100 biopsy
specimens (Table 4). Seven (28%) of 25 biopsies from
the glans, 3 (30%) of 10 from the corona, one (50%)
of 2 from the frenulum, 9 (29%) of 31 from the
foreskin, 8 (27%) of 30 from the shaft and one (33%)
of 3 from the scrotum contained HPV DNA. Of the
20 circumcised men, 7 (35%) had HPV DNA in their
biopsy specimens, that is 3 (33%) of 9 from the glans
and corona and 4 (36%) of 11 fron elsewhere on the
genitalia. Of the 69 uncircumcised men, 18 (26%)
had HPV DNA in their biopsy specimens, that is
5 (31%) of 13 from the glans, none of 6 from the
corona, one (50%) of 2 from the frenulum, 9 (29%)
of 31 from the foreskin and 3 (18%) of 17 from
elsewhere on the genitalia.

Of the 22 men who had histological evidence of
typical HPV infection, 6 (27%) had a history of
anogenital warts; cf the 12 men who had histological
evidence of neoplasia, 4 (33%) had a history of
anogenital warts; of the 66 men who had no histo-
logical evidence of either typical HPV infection or
neoplasia, 13 (20%) had a history of anogenital warts.

HPV DNA was detected in 32% of biopsy
specimens with histological evidence of typical
warts, 83% of specimens with neoplasia and 18%
of specimens in which histological evidence of either
change was absent (Table 5).

Wart specimens were associated most frequently
with HPV DNA types 6 or 11, specimens showing
neoplasia most frequently with type 16 and
specimens having other histopathological changes
with a variety of HPV types, most commonly HPV
types 11 and/or 18 (Table 5). Of particular note, all
3 basal cell papillomata were associated with HPV
type 6 (Table 3).

Infection with 2 or more HPV types was found
in 7 (24%) of 29 biopsy specimens containing HPV
DNA (Table 4).

Table 2. HPV in different specimens in relation to possible risk factors and some demographic details

Proportion” (percentage) of specimens of indicated specimen type positive for HPV

Possible risk factors/ Any specimen Biopsy Urethral swab Urine
demographic details

>20 partners 22/45 (49) 16/45 (35) 14/44 (32) 53/30 (17)
<20 partners 12/39 (31) 9/39 (23) 5/37 (14) 1/28 (4)
Histor_v"' 10119 (33) 9119 (47) 6117 (35) 18 (12)
No history® 28176 (37) 19/76 (25) 14/64 (22) 5/49 (10)
Condoms not used 12/29 (41) 10/29 (34) 6/28 (21) 1117 (6)
Condoms used 20155 (36) 13155 (24) 13/50 (26) 437 (11)
Smoker 16139 (41) 14/39 (36) 9137 (24) 2/20 (10)
Non-smoker 17144 (39) 11/44 (25) 9/42 (21) 436 (11)
<35 years old 24157 (42) 17/57 (30) 13/49 (26) 5/32 (16)
235 years old 15/43 (35) 12/43 (28) 8136 (22) 127 (4)
Caucasian 28175 (37) 20175 (27) 16/67 (24) 4/46 (9)
Non Caucasian 11/25 (44) 925 (36) 5/18 (28) 2/13 (15)
Heterosexual 34/85 (40) 28185 (33) 16/72 (22) 4/48 (8)
Homo!bisexual 515 (33) 1115 (7) 3i13 (38) 2/11 (18)

“Proportion for each possible risk factor: number of men with that specimen type containing HPV DNA, expressed as a proportion
of all men with that risk factor and whose HPV status for that specimen type was known.

"History of anogenital warts given by patient
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Table 3. HPV DNA types detected in relation to histopathological

findings

HPV DNA types detected in

indicated specimens
Histopathological Biopsy  Urethral Urine
findings swab
Wart 6 11 6, 11, 18 ns
Wart ] — -
Wart 18 - -
Wart 6 - -
Wart 6, 11 ns ns
Wart 16 11, 18 ns
Wart 6, 11 - -
Wart - 18 —
Wart — 33 -
Neoplasia
Basal cell papilloma 6 6 ns
Basal cell papilloma ] - -
Basal cell papilloma 6 - -
Dysplastic wart 16 - -
PIN 1 6 - -
PIN 2 - 18 18
PIN 2+wart 16 ns ns
PIN 2 16 18 ns
PIN 2 6 - -
PIN 3 16 - ns
PIN 3 16 16 ns
Other
NSD 18 - ns
NSD 18 18, 31 -
NSD 6, 11, 18 18, 33 ns
NSD 18 = =
NSD 11,18 11 ns
NSD - — 16
NSD - 33 33
LS 11,18 11, 18 ns
LS 18 6, 11 ns
LS - 18, 31 ns
LS 11 11 11, 18
LS - 18 -
LS £} - —
Lichen planus 31 ns ns
Lichen planus 16 16 H
Psoriasis - 18 18
Psoriasis 11,18 1L 31 ns
Plasma cell balanitis - - 6
Venous haemangioma — 6 -

—=No HPV DNA detected; ns=no specimen obtained;
PIN=penile intraepithelial neoplasia; NSD=non-specific
dermatosis; LS =lichen sclerosus

HPV in urethral swab specimens

Urethral swab specimens were obtained from 85
men. Of these specimens, 21 (25%) contained HPV
DNA (Table 4).

HPV DNA was more commonly detected in
urethral specimens from men with histological evi-
dence of neoplasia than from men with histological
evidence of warts or other histological abnormalities
(Table 5). HPV type 18 was the type most frequently
detected in urethral swab specimens. Infection with
more than one HPV type was found in approxi-
mately one-third of the swab specimens in which
HPV DNA could be detected (Table 4).

Table 4. HPV in relation to type of specimen

No. of specimens of indicated tvpe
positive for APV

HPV type Biopsv  Urethral swab Urine
(n=100) (n=385) (n1=39)

Any HPV 29 21 6

6 10 (34) 3 (14) 1(17
11 8(27) 6(29) 1(17)
16 7249 209 0 (0)
18 10(34) 11(32) 3 (30)
3 3y 29 0 (0)
33 0(0) 1(19) 1(17)
>1 type 7(24) 838 1(17)

'Figures in brackets are expressed as percentages of all that
particular specimen type containing any HPV DNA

Table 5. HPV in relation to histopathological findings of biopsy
specimens from men witi: genital dermatoses

No. (%) of men with specified
HPV type in indicated speci-
men, according to histo-
pathological diagnosis

HPV tvpe Wart  Neoplasia Other
(n=22) (n=12)  (n=66)
Any tvpe in biopsy specimens 7 (32) 10 (83) 12 (18)
urethral swab specimens 4(21)* 4 (36)* 13 (29)°
urine specimens ¢ (1) 5(13)*
any specimen 9 (41) 11 (92) 19 (29)
Tvpe 6 in any specimen 5(23)  4(33 4 (6)
Tvpe 11 in any specimen $4(18) 0 6(9)
Type 16 in any specimen 1(5) 6 (30) 2(3)
Tvpe 18 in any specimen 4(18) 2(17) 12 (18)
Type 31 in any specimen 0 0 1 (6)
Type 33 in any specimen 1(3) 0 34
>1 type in any specimen 4(18) 1(8) 7(11)

‘Urethral swab and urine specimens were not obtained from all
men. The figures in these instances reter to those men from whom
urethral swab or urine specimens were taken

HPV in urine specimens

Urine specimens were obtained from 39 men. Of
these specimens, only 6 (10%) contained HPV DNA
(Table 4).

HPV DNA was detected in urine specimens from
no men with histological evidence of warts, and
only a small proportion of those with neoplasia or
other histological abnormalities (Table 3). HPV type
18 was the type most frequently detected in urine
specimens. Infection with more than one type
occurred on one occasion (Table 4).

Correlation between presence or absence of HPV
and type of specimen

A correlation between biopsy and swab and
between biopsy and urine was less obvious than
between swab and urine findings (Table 6). Ten
(28%) of the 36 patients with HPV present in biopsy
or urethral swab specimens had at least one HPV
type in common.
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Table 6. Correlation between presence (+) or absence (- ) of HPV
DNA and type of specimen

Biopsy Biopsy Swab

4 = + - + - ns
Swab Urine Urine
+ 13 8 % S + 4 2 0
- 13 5 - 12 4 - 6
g 3 12 ns 16 25 ns 11 1.6 14

ns=no specimen obtained

DISCUSSION

The detection rate of HPV DNA may depend on the
population studied!. It is difficult to determine the
prevalence rate of HPV infection in the general
population. We chose men with clinical indications
for genital biopsy not in the belief that they
represented the general male community but that
they would do so more closely than patients
with ‘conventional’ sexually transmitted diseases.
Furthermore, men with genital dermatoses require
biopsy procedures for full investigation. Although
recruited from a department of genitourinary
medicine, the men were unusual for this source in
that they were generally older, had fewer lifetime
sexual partners, and did not have any clinically
apparent sexually transmitted disease at the time of
biopsy.

[t has been suggested!” that the wide variations
in reported prevalence rates of genital HPV infections
may be related, at least in part, to the use of different
detection methods. The PCR allows the detection
of very small quantities of DNA and Southern
blotting with hybridization enables the specific
detection of the products. The ‘genitotropic’ HPV
types, that is, types 6, 11, 16, 18, 31 and 33
were investigated, as these seem to be some of
the commonest g:apillomaviruses infecting the
anogenital region’™.

In order to investigate the multifocal nature of
male genital HPV intections, we used three sample
sites. Skin biopsy provides a sample which includes
the lower epidermis, an area which is difficult to
access by other sampling techniques, yet is the site
of productive infection with HPV!4. The biopsy
procedure also has the advantage of allowing the
simultaneous assessment of pathological changes
which might be associated with the presence of
HPV. However, it only permits the detection of
abnormalities in a small area and thus may lead to
an underestimation of the infection rate. Urethral
sampling allows collection of material from a larger
area, the distal urethra, which is proposed as the
male counterpart of the squamo-columnar junction
of the cervix®®. We also tested urine samples since
HPV has been detected in the urine of menl6.17,
Acetic acid staining of the genitals was not used as
it is neither sensitive'® nor specific>!? when applied
to men.

Condylomata acuminata appear to be sexually
acquired in the majority of cases*. However, there

is less convincing evidence for the role of sexual
behaviour in the development of other types
of clinically apparent and inapparent disease
associated with HPV infection of the female uro-
genital tract?®. Data from our study suggest that
HPV DNA is more commonly found in those with
larger numbers of lifetime sexual partners, an
observation consistent with sexual transmission.
The detection of HPV DNA more commonly in
smokers than in non-smokers is consistent with the
finding of condylomata acuminata more commonly
in smokers?!. Furthermore, the observation that
HPV was more commonly detected in men with a
history of anogenital warts than in those without
is compatible with the concept of latent infection.
The lower incidence of HPV DNA in biopsies from
homosexual and bisexual men compared to hetero-
sexual men contrasts with the converse in urethral
swab and urine specimens. The reasons for this are
obscure, but it is tempting to speculate that different
sexual practices may be a contributory factor.
Clearly, however, larger studies are needed to
investigate this matter.

The observation that HPY DNA was found in
approximately similar proportions of biopsies from
whatever site of the male genitalia, and regardless
of whether the patient was circumcized, confirms
the widespread distribution of HPV infection in
men. Disruption of skin integrity may promote
infection with HPV at sites of genital dermatoses,
but we cannot exclude the possibility of a uniform
distribution of HPV DNA throughout the intact
male genital tract. Such a distribution contrasts with
the occurrence of condylomata acuminata at specific
sites, frequently those traumatized during inter-
course?, and suggests that other factors may be
involved in the development of clinically apparent
disease.

Our finding of HPV DNA in only 32% of genital
warts may reflect the unusual sample of warts. Only
genital lesions which were clinically atypical were
referred for biopsy, so that classical condylomata
acurninata were not seen. It is thus possible that our
sample may have contained a large proportion of
warts caused by non-genitotropic HPV types.
However, the observation that HPV types 6 and 11
were the most common in biopsies with histological
evidence of warty change is consistent with
previous reports>3. Furthermore, the detection of
HPV type 16 in the majority of biopsy specimens
with histological evidence of dysplasia is in
agreement with the findings of others®.

Eighteen per cent of biopsy specimens with no
histological evidence of warts or dysplasia contained
HPV DNA. This is contrary to the observations of
some other groups investigating the male urogenital
tract, who have not been able to find HPV DNA in
biopsy specimens with no histological evidence of
warts or dysplasia®-3. It is, however, in agreement
with reports of others who have investigated the
male genital tract?®. Furthermore, DNA from the
genitotropic HPV types has been detected in the



Hillman et al. HPV DNA in men with genital dermatoses

153

absence of histological abnormalities in the cervix*®,
neonatal foreskin®!, the oropharynx®? and conjunc-
tiva*®. The finding of HPV DNA in a substantial
proportion of biopsies from men with a'variety of
dermatoses not typically associated with HPV infec-
tion is of interest. More work is required, however, to
establish whether there is any causal association.

In the current study, HPV DNA was found in 25%
of urethral swab specimens and 10% of urine
specimens. These figures compare closely with
those for a group of 116 men with anogenital warts;
in these men, we detected HPV DNA in 20% of
urethral swab and 6.3% of urine specimens'?.

Contrary to our expectations, HPV DNA was
found less frequently in the urethral swab and urine
specimens from men with histological evidence of
HPV infection or dysplasia than in those from men
with no such changes (Table 5). In addition, the
correlation between the presence or absence of HPV
DNA and type of specimen was generally poor
(Table 6). Furthermore, there was no discernible
relationship between HPV types found in the
different specimens from the same man (Table 3).
These 3 observations lead us to suggest that the 3
different sampling methods measure distinctly
different aspects of the epidcmiology of HPV
infection in the urogenital tracts of men.

We are not surprised to have found HPV types
6 and 11 most commonly in biopsy specimens with
histological changes of HPV infection. We are
surprised, however, to have found ‘high-risk’ types
proportionally more often in urethral swab and
urine specimens. HPV type 16 is friguently found
in dysplastic lesions such as PIN” and penile
carcinoma¥, and a causal link has been postulated.
However, due to the fact that HPV infection of the
male urogenital tract by ‘high-risk” HPV types is
widespread, any proposal to link infection by these
tvpes with neoplasia must take the common
occurrence into account. Indeed, it provides a
situation not dissimilar from that encountered in
establishing a causal link between ‘high-risk’ HPV
types and cervical carcinoma! against a background
of commonly occurring ‘high-risk’ types.

Finally, a clearer understanding of the epidemiology
of urogenital HPV infections and any associated
histological abnormalities is required before rational
management strategies may be devised.
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Changes in HPV infection in patients with
anogenital warts and their parters

R ] Hillman, B K Ryait, M Botcherby, D Taylor-Robinson

Abstract

Objectives—To investigate the relaton-
ship between clinical findings and the
detection of human papillomavirus
(HPV) DNA in a range of anatomical
sites in patents with and without
anogenital warts.

Subjects—Men and women with a clini-
cal diagnosis of anogenital warts, or a
current partmer with anoge=~ital warts.
Setting—A department of genitourinary
medicine in central London.
Methods—The anogenital areas of the
patients were thoroughly examined using
a colposcope before and after appiicadon
of acetic acid. Different types of speci-

mens were taken from a variety of

anatomical sites. Superficial skin sam-
pling was performed by the applicadon
of slides covered with “Superglue” (SG)
to clinically normal and abnormal areas
of anogenital skin. The presence of
human celils in the SG samples was con-
firmed by detecton of the f-globin gene
using the polymerase chain reaction
(PCR). HPV DNA was extracred from
the specimens and amplified by using
consensus primers with the PCR. HPV
types 6,11,16,18,31 and 33 were idendfied
by Southern blotting followed by hybrid-
isadon.

Results—I(n women, HPV DNA was
detected in 383% of wart biopsies, 29% of
cervical biopsies, 36% of cervical
scrapes, 25% of urethral loop specimens,
37% of vaginal washes and 33% of rectal
swab specimens. [n men, HPV DNA was

detected in 67% of wart biopsies, 37% of

urethral loop specimens and 12% of rec-
tal swab specimens. Of the SG samples
containing the f-globin gene, 49% from
women and 30% from men contained
HPV DNA. HPV DNA was not detected
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in b I scrapes and serum samples
from women or men. Of all specimens
with detectable HPV DNA, there was
evidence of a single HPV type in 41%,
multiple types in 48% and undetermined
types in 11%. Samples taken from differ-
ent sites of a patient tended to have HPV
types in common. Sexual parmers, how=-
ever, did not consistently have HPV
types in common.

Conciusions—HPV DNA was distributed
widely in the anogenital area, in warts,
acetowhite areas and clinically normal
skin. The SG technique was well toler-
ated by padents and produced resuits

consistent with other findings. Sampling
from a single site of the genitalia on one
occasion may significantly underestmarte
the infecton rate with HPV. Multifocal
infection of the anogenital area with HPV
should be taken into consideradon when
interpreting epidemiological studies and
management strategies.

(Genitourtn Med 1993;59:450—+56)

Inroductdon

Although there is considerable evidence that
condvlomata acuminara are usuaily sexually
cansmirtted,' * che .pidemiology of clinically
inapparent infection with genitoropic human
papillomavirus (HPV) cypes is less well
understood.’ Studies of the urterine cervix
have shown that HPV infscton is common,
may aot be associated with cytological* or
histological® abnormalites and has epidemio-
logical characrerisucs which suggest that sex-
ual ransmission may not be the only mode of
acquisidon.’ Furthermore, the relagonship
berween the detecdon of HPV and. the deveiop-
ment of histological and/or clinical changes is
impertectly understood, and the relanonship
may vary with dme.’

[n an attemprt to characterise the mulafocal
nature of HPV infecnon and irs possible
change with ume, we took a variety of sam-
ples over several months from pauens with
and without genital warts. The paoents com-
prised those. with anogenitai warts and their
parmers who may or may not have had warts.
Following extraction of DNA from the speci-
mens, the polymerase chain reaction (PCR)
was used, as this is currendy the most sensi-
dve technique for the derecton of HPV.?
Southern blotting” was then performed, as it
allows the highly specific confirmadon of
DNA sequences produced by the PCR and
enables the type of HPV to be determined.

Padents and methods

COLLECTIONM OF SPECIMENS

Padents were invited to take part in the study
if either they or their sexual parmer had clini-
cally apparent anogenital warts. A standard
history was taken and all padents were
screened for the commonly occurring sexually
transmitted diseases, and reated when appro-
priate. The geniral and perigenital areas were
then examined with the naked eye and any
abnormalides documented diagrammadcally.
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After application of 3-5% acedc acid to these
areas, MICroSCOPIC €Xamination using a Zeiss
colposcope was undertaken.

Informed consent was obtained from the
patents and then samples were taken in the
convennonal manner as follows: 10 ul plastic
loops (Nunc, Gibco, Paisley, Scotland) for
urethral specimens, Ayre’s sparulas for cer-
vical scrapes and cyrological brushes
Rocker, London, UK) for
endocervical specimens. Anal samples were
obrained by inserung a Cytobrush lcm inrto
the anal canal and rotaung it through 360°.
Tongue depressors were drawn along the
buccal surface of both sides of the mouth to
obtain buccal scrapes. The ups of the sam-
pling instruments used in the aforemenuoned
procedures were broken off into individual
disposable bortles containing 10 ml of phos-
phate-buffered saline (PBS). A vaginal sam-
ple was obtained by washing the vazinal walls
and cervix with 10ml of normal saline using a
sterile syringe, aspiranng the fluid and repeart-

-ing the procedure. Blood was obrtained using

the “Vacurainer” (Becton Dickinson, Cowley,
UK) system. Superficial lavers of the skin
were sampled bv using “Supergiue”™ (S8G)
cvanoacrviate glue (Bison™, Perfecta Chemie
B.V., Goes, Holland). One drop of SG was
placed on a clean slide which was immedi-
ately applied to the skin. After one munute,
the slide was gentiv removed and placed in an
individual slide box. This procedure was well
tolerated bv panents. If possible, SG samples
were taken from areas of skin conraining
warts, or areas of skin inciuding acetowhite
changes. Biopsies of the external genital area
were taken by the skin smp technique'® foi-
lowing local anaesthesia. Biopsv specimens
were taken from warts and acetowhite areas
in women but only from warts in men.
Cervical biopsy samples were obrtained by
cervical biopsy forceps wirtout anaesthesia.
Biopsy specimens were giaced -in PBS for
DNA analysis and in formal saline for
histopathological assessment.

Strict precautions against contaminauon of
the specimens by HPVs were taken. All sam-
pling instruments, except those used for rak-
ing biopsy specimens, were sterile and
disposable. Biopsy specimens were taken with
re-usable equipment which was hand-washed,
placed in an ultrasonic cleaner (Olympus
Kevmed KS-2; Keymed, Southend on Sea,
UK) for 15 min and autoclaved at 134°C for
20 min (Little Sister 2, Eschmann Bros &
Walsh Lid, Lancing, UK) before re-use. All
specimens were collected using a “no touch”
technique and piaced in sterile, disposable
bortles prior to analysis. : :

To facilitate interpreraton of results, speci-
mens were divided into three groups.
“Biopsv” specimens consisted of specimens
from clinically abnormal and acetowhite
areas. SG specimens consisted of sampies
obtained using the SG rtechnique. The term
“non-biopsy” is tsed to describe all other
types of specimens.

Clinically apparent warts were weated in
the usual manner for the clinic, namely, the
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applicaton of liquid nitrogen and 15%

podophvllin, both twice weeklv untl clinical

disappearance. Warts that recurred were

weated in a similar manner and any subse-

quent recurrence managed by excision under -
local anaesthesia.

Padents were counselled and kept fully
informed of any abnormality. Male pauents
and male parmers of patients were advised to
use condoms for the whole study period.

PROCESSING OF SPECIMENS

In order to avoid cross-contaminadon of DNA
products, preparadon of reagents, processing
of patent marterial, and the PCR and
Southern bloming took place in separare
rooms. Positve displacement pipettes or sin-
gle-use Pasteur pipettes were used for distrib-
uting reagents for the PCR and for adding the
DNA samples to the reacton mixtures.
Positve and negatve controls were included
in each experiment, including the SG samples.

DNA EXTRACTION

Wart and biopsv specimens were placed in
320 ul of lvsis buffer containing 160 ul of 2 x
Summers’ buffer, pH 8-0 (40 mM TRIS-
HCl, 0-3M NaCl and 20 mM EDTA-tetra
sodium salt), 100 ul of double distllea H,0
(ddH,0), 32 ul of pronase E (10mgrml), 28
il of 2-5% sodium dodecyl sulphate (SDS)
and 4 ul of -RNA (0-8mg/ml). Sterile glass
beads were added to the biopsv specimens
to facilitate the disrupuon of cells during
vortexing.

SG slides were abraded with a sterile dis-
posable scalpel blade and the resultung marter-
1al immersed in 320 ul of lysis buffer. SDS in
the lvsis buffer dissolved the cvanoacrviate in
the specimen, releasing the sample martenal
into the buffer.

Wart, biopsy and SG specimens were incu-
bated in the buffer at 37°C overnught to help
cells and disrupt proteins. DNA was isolated
from the specimens using phenol extracuon,
followed by a chioroform-isoamyl alcohol
(24:1) extracnon and ethanol precipitaton
for 1 hr at —70°C. The DNA pellet was col-
lected after cenuifuganon for 10 min at
10,000 g, washed briefly with 70% ethanol
and dried under vacuum for 30 min. The
resultng pellet was then resuspended in 40 ul
ddH,O and stored at —70°C unul further
analysis.

Urethral loops, cervical and buccal scrapes
and Cytobrush specimens were agitated in 10
ml of PBS, of which 1-5 ml was subsequenty
used for analysis. Vaginal washes were tested
directly. These samples were subsequently
denatured by heanng to 95°C for 10 min and
then cenwrifuged at 10,000 ¢ for 2 min to
remove cellular debris and other extraneous
material. The supernatant fluid was then used
for the PCR.

Blood samples were centrifuged at 2000
rpm for 5 min and the serum decanted. This
was used directly for the PCR.

DETECTION OF [;~-GLOBIN GENE
In order to derermine whether human DNA



HPV-a
HPV-11
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HPV-13
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Figure |  Ethidium oromide staining of agarose gel
compnsing posiirve conerols (HPV cypes 6,11,16 and [8),
neganve controls (MRC-3 fibroblasts and ddH.0),
molecular weight marker X174 ($X174 DNA cur unth
Hae (Il enzyme) and specimens of DNA from panent F3.
Abbr for the sp descrip are as joll

SG = Supergiue specimen; AW = raken from
acetowhite area; LLMN = left labium mnus; LLVT =
left labrum mayus; F = fourchette; C = clitons; 3§ =
buccal smear; CS5 = cermncal scrape; CW = cermcal warr;
W = external warr; RC = recral cytobrush; P = pertanal
area. Posicive resuits seen for HPV controls, SG ipecimens
[from the fourcherte and pertanal area, as well as un
acetownite area on the left labtum minus, Cervicai scrape,
cerencal wart and vwival wart specimens aiso contain HPV
DNA.

was detectable in the SG samples, part of the
human §-globin gene was  ampiified.
Ampiificadon was carmed out using 100 ul of
reacton muxture containing >0mM KCI, 10
mM TRIS-HCI pH 5-3, 0-Ui% w/v gelaun,
200 uM each of dATT, dCTP, dGTP, and
dTTP, 3-5 mM MgCl,, 2+5 units of Tag poly-
merase (GIBCO-BRL, Paisley, Scodand) and
0-2 uM each of two f-globin primers* (kindly
provided by the Medical Research Council
AIDS Directed Programme): f-globin (l4-
33) ADPS894-l/LAL-N: 5’ACA CAA CTG
TGT TCA CTA GG 3’ and j-globin (123-
104) ADP 894-2/LA2-C: 3'CAA CTT CAT
CCA CGT TCA CC 3'. The specimens were
then subjected ro 40 cycles orf amplificanon.
Each cycle inciuded denarturadon at 94°C for
30 s, pomer annealing at 35°C for 30 s and
chain ziongadon at 72°C for 50 s. Posiuve
controis were 1 fbroblast line derived fom
embryonic lung assue (MRC-3) and an
epithelial cell line derived from cervical carci-
noma ussue (Hela-229). ddH,0 was used as
a neganve conuorol.

SG/G-M3 2
SG/LLMI-F5 . SG/ E-F1
SG/RLMI-F5 @ SG/F-F7
SG/S-M2 - SG/F-F5
SG/RLMI-FI SG,/ SH-M
SG/LLMI-Fl SG,/S-Ml
G4 A4
SG/SH-MS ddH,0
3G/G-M5 MRC-3
SG/LLMI-F7 HPV-18
SG/RLMI-F7 . HPV-16
SG/P-F7 HPV-1I
SG/P-Ml1 HPV -6

Figure 2 Hybndisanon of PCR products with HPVW
1 I-spectfic probe on nyvion
blot. Abbrevranions as for rig | and a:;oﬁom: G = g’la.m‘
RLMT = nght labtum mayus; S = scrotum; SH = shart
Positrve resudts seen for HPV cype [ | conmrol, SG specimen
from the scrotum of panent M2 and SG spectmen from the
fourcherte of panent F2.
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DETECTION OF HPV DNA

[n the case of SG samples, only those con-
raining detecrable human f-globin DNA were
tested for HPV DNA, whereas all specimens
obrained by other methods were tested. The
DNA extracted was amplified by 40 cycles of
the PCR using general primers GP3 and GP6
which amplifies DNA from HPV types 6, L1,
16, 18, 31 and 33."* Amplificadon was car-
ried ourt using 100 ul of reacton muxture con-
raining 30 mM KCl, 10 mM Tas HCI pH
83, 3 mM MgCl,, 0:01% wiv gelaum, 200
umoles each of dGTP, dATP, dTTP and
dCTP, 10 umoles 2ach of GPS and GP%6'%
primers and 25 umits of Tag polvmerase
(GIBCO-BRL, Paisley, Scotland). This mix-
ture was overlaid with 100 ul of mineral oil o0
prevent water loss and subjected to 40 cycles
of amplificadon using a PCR processor
(Hybaid, Teddington, UK). Each cycle
inciuded denaturagon at 94°C for 20 s,
annealing at +0°C tor 60 s and chain elonga-
don at 72°C for 20 s. Samples containing 100
pg of the tull length genome of HPV types 6,
11, 16 and |8 were used as positve controls.
Negadve conools were a fibroblast line
(MRC-3) and ddH,O (fig 1). Detecton of
the products of the PCR was by agarose gel
electrophoresis, confirmed by Southern blot-
ang'? and hybndisadon with radiolabelled
oligonucleotide probes.'* Positive controls
were fuil length genomic probes for HPV
types 6, L1, 16 and 18. Neganve contcols
were MRC-3, ddH.O and “Supergiue”.
Examples of this can be seen in figs 2 and 3.

Results

CHARACTERISTICS OF PATIENTS.

Nine women and nine men took part in the
study. All panmenrs were heterosexual. The
mean age of the women was 24-0 vears (range
16-1 to 36-2) and that of the men 28-4 years
(range 22-9 to 36-3). Clinical detaus of the
padents are shown in rables | and 2; there
were four pairs of parmers (F1-M3, F2-M83,

B-F4 HPV -6
W- Fl HPV -I1

B-F5 . HPV-i6

B-F7 HPV-18
B-M2 @ MRC-5

B-F3 ddH0.
oXI74 _ oXI74

SHW-M3

- s P -RF?
o W e ol
W-F6 @ 55

3 W-F6

GW-M3

W-FY @ . W-M4

Figure 3 Hybﬂdﬁamn of PCR omducn- unch rfPV-ype
[ 1-ipecific prode on nyion
blot. Abbretnanions as for fig | umd u:;oﬂws -8 = = opsy,
SHW = shart wart; GW = glans wart; CB = certncal
biopsy; VB = vulval biopsy. [n women, biopsies were
either from acetowhite areas or from clinicallv upparent
warts. (n men biopsies were always taken from clinically
apparent warts. Posizve results seen for HPV rvpe 11
control, Hopstes from panenes M2 and F2, and warts from
F9 and M4.
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Table 1 Clinical, histologrcal and cyrological derasls of female panents
Sizes of Sites of Status Certncal
vistble acetowiite of bopsy:
Pr warts change partner 2 mstological changes
F1 none cervix warts (M3)§ NAD
E2 fourchette cervix warts (M8)§ ns
F3 fourcherte, cervix labia warts (M2)§ CIN 1, WVI
F4 fourchette, cervix cervix, labia warts NAD
Fs fourcherte, cervix labia, cervix DO Warts koil
F6 none cervix no warts NCI
F7 none labia no warts (M9)§  ns
F8 none laba WarTs ns
Fo fourcherte, labia labia no Warts ns
Abbrevianons used m tables:

Pt = panent code.

§ = parmer in the study as indicated.

0s = no specumen obtaned.

NAD =no hmoloslcal or cvntplogmtl abnormaiity detected.

wart = hstol WAart virus
Cﬂ‘ll—cerwmmmw:mehﬂnoopum grade 1.

NCI = histol c of non-condyl fi
kol = knnocvnc:tym:

Time = d hs since first le taken.

neg = H]’Vrypuo,ll 16, 18, 31 and 33 not detected.
= biopsv from climcallv apparent wart.
+ = speamen contamed HPV of rypes other than those tested for; §- = f-globin gene not
detected.
——mofmwwtdmcd.

Table 2 Climcal and histologpical details of male patients
Sues of Sutes of Starus

Pr arts change partner

M1 shaft none cervical dvsplasia

M2 shaft, inguunal zlans warts (F3)§

M3 shaft wians no wars (F1)§

M4 mearus, glans 00 Wars

M5 mguinal none 0o Warts

Mé corona corona warts

M7 shaft, glans glans wWarts

MB shaft glans warts (F2)§

M9 glans glans no warts (F7)§

F3-M2 and F7-M9), the parmers of the
other patients not being available for study.
Paunent F6 was referred by her general pracu-
toner because of a suspicion of genital warts
seen at the ume of taking a cervical scrape.
There was no evidence of anogenital warts at
the dme of assessment in the clinic, bur a
papillary lesion noted in the vagina was biop-
sied and found to be a skin tag. Four women
(F1, F2, F5 and F7) and two men (M1 and
M2) did not have skin biopsies. Apart from
these, all other biopsies taken from clinically
apparent warts were confirmed histoiogically
as such. Biopsy of acetuwhite changes on the
labia of padent F8 showed changes of HPV
infecton.
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OCCURRENCE OF HPV DNA IN BIOPSY,
NON-BIOPSY AND SG SPECIMENS

Biopsy specimens

HPV DNA was detected in five (83%) of six
biopsy specimens, with histological evidence
of HPV infecton, from women (tables 1 and
3) and in six (67%) of nine from men (table
4). None of four biopsies of acetowhite areas
in the women contained HPV DNA, nor did
the biopsy of the skin tag (table 3). Two
(29%) of seven cervical biopsies contained
HPV DNA, of which one was histologically
abnormal (tables 1 and 3).

Non-biopsy specimens

In women (table 3), HPV DNA was detected
in the following specimens: four (36%) of 11
cervical scrapes, two (25%) of eight from the
urethra, three (37%) of eight from the vagina,
wo (33%) -of six from the rectum and none
of five buccal scrapes (padents F1, F2, F3,
F4 and F7). Pagents F4 and F5 had border-
line cervical cytological changes. Both these
cervical samples contained HPV DNA (table
3).

In men (table 4), HPV DNA was detected
in the following specimens: three (37%) of 8
from the urethra, 1 (12%) of 8 from the rec-
tum and none of five buc:al scrapes (patents
M1, M2, M3, M6 and M09).

Serum samples from all nine men and six
of the nine women did not contain HPV
DNA.

SG specimens

Fortv SG samples were taken from women
(table 5) and 41 from men (table 4). Thirty-
seven (92%) of those from women and 18
(44%) of those from men conrtained the (-
globin gene. Of the samples containing the f-
globin gene, 18 (49%) from women and nine
(50%) from men conrained HPV DNA,
derecton rares which compare favourably
with those of non-biopsy procedures.

Of SG samples from acetowhite areas,
HPV DNA was dertected in those from the
labia of four of five women (tables 1 and 5)
and in those from the glans of wo of four
men (tables 2 and 4).

Of the six men with shaft warts (table 2),
HPV DNA was detected in the shaft SG
specimens of four of the five men whose shaft

Tabie 3 HPV DNA i biopsy and non-biopsy sp from n rel, 0 rypes of specimens and times at
which taken
HPV DNA n sues and types of specimen indicated
Vuival Cervical Cervical Urethral Vagmal Reczal
Pr Time nopsy biopsy scrape loop wash swab
F1 o neg 6 ns neg neg neg
4 neg neg neg neg neg ns
12 ns ns neg ns neg ns
F2 0 6,11, 31 ns ns ns ns : ns
4 ns neg neg s 18, 31 6, 11
F3 0 6, 11" ns 6,11,33 6,11,33 ns ns
2 6, 11* 6,11* neg ns ns s
F4 0 6™ neg” ] ] - 6
Fs5 ] neg* neg” 6 neg ns os
Fo 1] neg as neg neg neg neg
F7 0 neg ns - neg 16 ns
F& 0 neg neg neg ns ns neg
Fo 4] 6, L1* neg neg neg neg neg
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Table 4+ HPV DNA in tnopsy, non-biopsy and SG spectmens from men in relation to types of specimens and cimes ar

which taken
HPV DNA n sues and cvpes of specimen indicated
SG spectmens from

Pr Time Biopsy Urechral loop  Rectal swab Glans Shart Scrorum Anus
Ml 0 as ns ns i s i ns neg

7 as s ns g 18 neg i
M2 b as as neg ' i 6, 11,18 I's

4 6, L1 [.] neg neg as ns ns
M3 0 neg ns as neg 13 ns ns

4 as neg neg neg neg B as
M4 0 6, L1 2 11, 16 8, 11 6, 11 o ns i

3 as ns as aeg B I I
M5 0 5 neg neg 18 6 ns ns
Mé 0 ] neg neg 6, 31 I's as ns
M7 ] ns as ns o I'n ns ns

| 0, 33 ) neg ns ns ns ns

F 6,11 as ns ns as ns as

3 as as ns 'y neg o &
M8 0 neg neg neg i 18 ns neg
Mo o 2 neg ns > ' g i

SG wart specimens contained the j-globin
gene (table 4). Similarly, HPV DNA was
detected in the fourcherte SG samples from
all 3 women with fourchette warts who had
this sample taken (tables | and 3).

HPV DNA AND TYPES [N RELATION TO SAMPLE
SITE AND TIME OF SAMPLING

Site and ame of sampling

Of the 12 possible sites in women (tables 3
and 3) from which samples could have been
taken on each occasion, 0-3 (mean 2-3) con-
rained HPV DNA. Of the =ight possible sites
in men (table 4) Trom which samples could
have been raken on =ach occasion, [=5 {mean
1-25) contained HPV DNA.

Of the 3 padents trom whom samples were
taken on more than one occasion (tables
3-3), five had HPV DNA derected in fewer
sites and two in more sites than when frst
seen. [n one padent, the number of sites in

which HPV DNA was detected inidally
increased, but then decreased.

Types of HPY detected

Of the 56 samples in which HPV DNA was
detected, 23 (41%) had evidence of infecton
with a single cype. 27 (48%) with mulaple
types and six (11%; with undetermined types
tables 2-3).

The dismbudon of HPV cypes in the vari-
ous categories of specimens from women and
men is shown in table 0. HPV vpes 6 and 11
were found most frequently in the majoricy of
specimen categories. However, the other
tvpes sought were tound predomuinantly in the
non-biopsv and SG specimen categories,

Samples taken from differenc sites of the
same panent (requenty contained the same
HPV rype. Thus is ilustrated by samples from
padents F4 and M4, the majonty of which
contained HPV type 6. However, in padents

Taole 3 HPY DNA findinegs in 5G ipectmens from n 0 rvpes of sp and omes at wnich iaken
HPV DNA in 3G specimens from
o Time Lept labna Right labta Fourcherre Clitors Anus
F1 Q neg neg ns as neg
4 - 18 as as Gl
12 neg neg neg ns neg
F2 0 6, 11,33 33 8, 11,33 ns 18, 33
+ 5 neg neg g
F3 0 6,11, 18, 33 os ns as o, 11
i aeg neg T neg as
F4 0 5, L1 9, 16, 18 ns ns 6. 11,18
FS 0 a neg ] ns as
F6 0 ns i neg neg as
E7 9 neg neg aeg as neg
F8 0 ns as ns as as
r9 0 8, 11 o 11 ns as
Table 6 HPV rvpe in rell to types of sp
Number of nmes (%5) HPV of specified rvpe in grven sampie npe
Women
Vien
HPV External Cervical
vpe wart mMopsy Nom-ciopsy SG Warr Non-topsy 3G
L] 3 (50) 1(67 T4 139 T (64) +(5T) +(3D)
1 4 (40) 1(33) 3(17) 328 327 2(29) 2(15-3)
lo - —_ 1 (6) 1{3 _— 114 -
18 —_ —_ 1 (6 5(15) -_— - 3(389
31 1 (10) - 1 (6) -— - —_ 1 (7%
i3 — —_— (L2} 5(19) 1{9) -_ -
- —_ —_— 2(12) 3 (9 - -— 1(7-3)
Total 10 (1000 3 (100 L1 {1om 33 (om L1 (10m T (100Y L3 (100)
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in whom muldple HPV types were detected,
not all the types were found in each
specimen.

HPV in pairs of parmers

Parmer pairs F1-M3, F2-M8 and F3-M2
had HPV types in common. Parmer pair
F7-M9 did not (tables 3-5).

Discussion

The PCR allows the detection of vervy small
quanddes of DNA,’ so that strenuous efforts
must be taken to avoid contaminaton of
specimens. The combinaton of strict clinical
and laboratory protocols, repeated use of
positive and negauve conwols throughour
the experiments, together with the use of
Southern blotting and hybridisadon to confirm
results give us confidence in their validity.

HPVs have been derected in biopsy speci-
mens from geniral warts,'* acerowhite areas'®
and normal genital skin.”” They have also
been found in cervical scrapes from women
with warts,'® urethral samples,'*®* vaginai
samples,” # rectal swabs,” buccal scrapes®
and serum samples.?* Al these specimens, as
well as SG samples, were inciuded in our
study in order to investigate the muldfocal
narure of anogenital HPV infecrions. The SG
technique has been used to assess changes in
the sratum cormeum.® In our srtudy, this
technique was chosen as it allowed the sam-
pling of the skin surface with minimal
auma. Not only is this process more accept-
able to panents than formal biopsy, but it also
allows the monitoring of HPV-induced
changes withourt inducing the marked inflam-
marory response associated with biopsv. Such
a response may aiter the natural history of
HPV infection® and thus assessment of the
natural historv should involve a sampling
process which munimises this induced
response. Although the number of cells har-
vested by the SG technique is small, the use
of the PCR for the detectuon of the human f-
globin gene allowed us to confirm that
human cells were present and thus observe as
closely as possible the natural history of HPV
infecton.

The detection of HPV DNA in 11 (65%)
of 17 biopsies with histological evidence of
HPV infecton is consistent with the findings
of some,'® although the proporton is smaller
than thar found by others.'” Infecuon with
HPYV types other than those sought by us is a
possible explanation for this small proportion
and is supported by the large numbers of
specimens noted to contain untyped HPVs.

The detection of HPV DNA in 12-36% of
non-biopsy specimens suggests that they are
valuable to obrtain. Cervical scrapes have been
investgated frequenty for the presence of
HPV DNA but, undl recently, few other
specimen types had been assessed. In fact,
our data suggest that other non-biopsy speci-
men types are just as likelv to contain HPV
DNA as cervical scrapes.

The proporton of SG samples containing
the f-globin gene was much larger in women
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than in men. However, the propordon of f-
globin-containing SG samples conrtaining
HPV DNA did not differ between men and
women. It is possible that this observadon
may be related to the fact thart the skin of the -
male external genitalia is more cornified than
the female counterpart. The surface layers of
cornified skin predominantly contain anucle-
ate squames which do not conrtain the B-glo-
bin gene. The ability to harvest infected cells
bv the SG method was confirmed by the
observadon that the majority of SG samples
taken from areas with clinically apparent
warts contained HPV DNA.

The presence of HPV DNA in f-globin

containing SG samples from areas which did
not develop acetowhite staining is consistent
with the finding of HPV DNA in histologi-
cally normal skin.'” Furthermore, it suggests
thar staining with acetc acid may have lim-
ired value in evaluatng the extenrt of infecton
with HPV and in assessing response to meart-
ment. It is possible that areas without ace-
towhite changes but with detectable HPV
DNA mav represent passive contaminadon of
the skin with HPV from another site of the
padent, or from a sexual parmer; or they may
represent infection of the epithelium with
HPV which has not produced sufficient cellu-
lar changes to generate visible changes follow-
ing the applicagon of acedc acid. The failure
to detect HPV DNA in four biopsies and in
three of nmine SG samples from acetowhirte
areas is consistent with the knowledge?®* thar
not all acetowhite areas develop as a result of
infection with HPV. Furthermore, the finding
of HPV DNA in only four of six f-globin-
containing SG samples from men with ace-
towhite areas of the glans is in agreement
with the suggeston® that acetowhite changes
of the glans may develop as a result of sub-
clinical balanids not related to infecton with
HPV.
The frequent occurrence of muinple HPV
infectons has been disputed,’ but our data
concerning the co-existence of muluple HPV
types are consistent with those of others.”
For a given padent, specific HPV types were
frequenty found in common in biopsy, non-
biopsy and SG specimens, as were multple
HPV rtypes. The failure to show cross-
hybridisadon during the repeated expen-
ments in which there were posiuve and
negative conools indicates that the observa-
vons regarding muldple HPV types are not
spurious.

The persistence of HPV at various sample
sites after reatment supports the findings of
others* that meamment of clinical and histo-
logical abnormalides may not necessarily
eradicate infecton. It is likely that persistent
infecdon explains, ar least in part, the high
recurrence rate of warts regardless of the
method of treatment.” However, the occur-
rence of common HPV types in sexual part-
ners noted in the current study and
previously,'* suggests that there may be an
opportunirty for reinfecton also to play a role
in the persistence of disease.

Muldfocal infection of the anogenital area
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13 recognised o occur in infecuon with
Neisserta gonorrhoeae, Chlamydia trachomarns™
and, most recendy, human papillomavirus.'®
Furthermore, neoplasia of the female anogen-
iral tracrt, a condinon thoughr to be related to
HPV infecoon,” is frequendy muidfocal.’
Qur dara suggest thar, if a sample had been
taken from only one site, and at only one
gme, the occurrence of HPV infecton,
including infecton with muldple HPV cypes,
would have been underesumated. To deter-
mine the ue extent of anogenital HPV infec-
don, muidple samples need to be taken,
possibly over several months. Srudies in
which single sites are sampled may lead to a
serious underesumarte of the rate of infecdon
with HPV.

Samples from clinically uninfected areas
contained a larger propordon of the “high
risk” HPV rypes, namely types 16 and 18,
than the “low rsk” HPV rtypes, 6 and 11,
found predominantdy in warts. This differ-
ence was paruculariy marked in the sampies
obrained by the SG technique. The prepon-
derance of “high rsk” HPV cypes in speci-
mens other than those taken from clinicaily
apparent warts has been nored previously, for
example in specimens obrained from ace-
towhite areas,’® cervical scrapes'® and urethral
swab specimens.’®” Qur understanding of the
epidemuology oi anogenital HPV infecton, in
parucular the development of neoplasia, must
take into account the detecuon of HPV in
specimens Tom areas without clinically
apparent disease. The problem has arisen
because of the use of the highly sensidve PCR
which is capable of derecung a few virus par-
ocles. Other factors, including quandry of
virus present and host immumry,”’ may be at
least as important as the mere presence of a
few viral parucles in the development of any
clinical abnormalides. However, only by
obtaining a clear undersranding of the epi-
demiology of anogeniral HPV infectdons will
it be possible to develop radonal approaches
to their management.
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Abstract 257, 10th Interrational Papillomavirus Workshop, Seattle, USA, July 20-26, 1991

ASYMPTCMATIC URETHRAL CARRIAGE OF HPV DNA IN MEN WITH ANO-
GENITAL WARTS

Hillman RJ, *Hanna N, Botcherby, M, Ryait BK, *Harris JRW,
Taylor-Robinson D. From the Division of Sexually Transmitted
Diseases, MRC Clinica} Research Centre, Watford Road, Har-
row, England and the "Department of Genitourinary Medicine,
St Mary's Hospital, London, England.

One hundred patients attending a Genitourinary clinic for
ablative therapy for persistent anogenital warts provided a
urethral specimen taken to 4cm with a cotton wool swab. At
the same time, biopsy specimens were taken from the clini-
cally apparent warts.

All samples were tested for HPV types 6,11,16 and 18 by
Southern blotting, and for types 6,11,16,18, 31 and 33 by
the PCR. PCR results were confirmed and the types assessed
by DNA hybridisation.

Of 64 patients so far analysed on the basis of Southern
blotting, 3 (5%) had HPV DNA in their urethral swabs, and
52 (82.5%) had HPV DNA in their wart biopsy specimens. Of
the specimens from 90 patients analysed by the PCR, 37 (41%)
urethral swabs and 87 (97%) biopsies contained HPV DNA.

The higher rate of detection of HPV DNA by the PCR is
consistent with the greater sensitivity of this method
compared to Southern blotting. Our results confirm the
suggestion that HPV is carried asymptomatically in the
urethras of men with anogenital warts. This may have impli-
cations for the infectivity of warts, and recurrence follow-
ing apparently full ablative treatment.



Abstract 4, Spring Meeting of the Medical Society for the Study of Venereal Diseases,
Zarich, Switzerlard, May 6-9, 1993

Multifocal anogenital HPV infection in patients with and
without anogenital warts

RJ Hillman, BK Ryait, M Botcherby, D Taylor-Robinson

MRC Clinical Research Centre, Harrow, Middlesex

Obijectives - To investigate the relationship between clini-
cal findings and the detection of Human Papilloma Virus
(HPV) DNA in a range of anatomical sites in 9 women and 9
men with and without anogenital warts.

Methods - Following examination of the anogenital areas,
specimens were taken from a variety of anatomical sites.
Superficial <kin sampling was performed by the application
of slides covered with "Superglue" (SG). The presence of
human cells 1n the SG samples was confirmed by detection of
the B-globin gene using the polymerase chain reaction (PCR).
HPV DNA was extracted from the specimens, amplified by using
consensus primers with the PCR and identified by Southern
blotting,followed by hybridisation.

Results - In women, HPV DNA was detected in 83% of wart
biopsies, 29% of cervical biopsies, 36% of cervical
scrapes, 25% of urethral loop specimens, 37% of vaginal
washes and 33% of rectal swab specimens. In men, HPV DNA was
detected in 67% of wart biopsies, 37% of urethral 1loop
specimens and 12% of rectal swab specimens. No HPV DNA was
detected in buccal scrapes and serum samples from women or
men. Of the SG samples containing the B-globin gene, 49%
from women and 50% from men contained HPV DNA. Of all speci-
mens with detectable HPV DNA, there was evidence of a single
HPV type in 41%, multiple types in 48% and undetermined
types in 11%. Samples taken from different sites from one
patient tended to have HPV types in common.

Conclusions - HPV DNA was distributed widely in the anogeni-
tal area, in warts, acetowhite areas and clinically normal
skin. The SG technique was well tolerated by patients and.
produced results consistent with other findings. Sampling
from a single site of the genitalia may significantly under-
estimate the infection rate with HPV.




