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ABSTRACT- We report  on genita l  warts  in dusky  dolphins L a g en o rh yn ch u s obscurus, lo n g-snou ted  
comm on dolphins D elph inus capensis, bottlenose do lph ins Tursiops tru nca tus  a n d  Burm eiste r 's  p o r ­
poises P hocoena sp in ip in n is  c au g h t  in fisheries o ff central Peru. Lesions w e re  o b se rv ed  inside  the 
genita l  slit, on the skin ad jacen t  to it, on the  penis a n d  on the vag ina .  M acro -  a n d  m icroscopical 
features  of the  lesions resem ble  those of ben ign  genita l  warts  assoc ia ted  with pap il lom avirus  infection 
in hum ans .  Genita l  warts from L. obscurus  a n d  P. sp in ip in n is  con ta ined  nucle i  w hich  s ta in ed  positive 
for genus-specif ic  papil lomavirus s tructural antigens,  th o u g h  w eak ly  in the  latter species.  T h ese  da ta  
sugges t  th a t  papil lomavirus(es) may be  the etiological agent(s) of the  d isease .  T he  p re v a le n c e  of the  
lesions in 130 small  ce taceans  was high: 66.7% (confidence interval,  Cl, 57.0 to 74 .0%) in L. obscurus  
(n = 78), 50%  in D . capensis  (n = 10), 33%  in T. trunca tus  (n = 9) and  48 .5%  (Cl 33.0 to 64.0%) in 
P. sp in ip in n is  (n = 33). This suggests  a ven erea l  transmission of the d isease,  as in h u m an s .  Sexua l  v a r i ­
ation in w ar t  p rev a len ce  w as found in L. obscurus  and  P. sp in ip in n is  with m ales  b e in g  2 a n d  3 t imes 
m ore  infec ted  than  females,  respectively. No correlation w as  obse rved  b e tw e e n  body  leng th  (as a 
m ea su re  of age) and  wart p revalence ,  suggest ing  tha t  no s trong and  long-last ing  im m unity  was 
induced  in affected  animals or tha t  they m ay have  b e en  infected  by different  types of pap il lom aviruses .  
Lingual tum ours  w ere  seen  in 1 D. capensis.

KEY WORDS: Papillomavirus ■ Warts • Venerea l  d isease  ■ Epidem iology ■ D usky do lph in  ■ C o m m o n  
dolphin • Bottlenose dolphin • Burmeister 's  porpoise • SE Pacific • Peru

INTRODUCTION

Warts and  papillom as consist of localized epithelial 
hyperplasia  with a defined boundary  and  an intact 
basem en t  m e m b ra n e  (Shah & Howley 1990). Widely 
variable in their  clinical appearance ,  they  are  often 
caused  by papillom aviruses  which are  small (typically 
55 nm diameter), non -enve loped  DNA viruses classi­
fied in the family Papovaviridae  (for review  see Shah 
& Howley 1990).

In hum ans, over 70 different types of pap i l lom a­
viruses (HPVs) h a v e  been  identified, about one third of 
them  infecting the  ano-genita l tract and  generally  
venereally  transm itted. Ano-genita l tumours caused 
by HPVs are usually  ben ign  but may progress  to
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m alignancy  if the  virus type infecting  the  cells has  a 
h igh  risk for tum origem city  (for rev iew s see  How ley 
1990, De Villiers et al. 1994).

In o ther  m am m als ,  w arts  have  mostly b e e n  observed  
on the skin a l though  they m ay  occur on the  m ucosa  of 
the  respiratory, d iges tive  an d  gen i ta l  tracts (for review  
see  S u ndberg  1987, H ow ley  1990). G en ita l  pap illom as 
have  b ee n  well d o c u m e n te d  in colobus m onkey  
C olobus guereza  an d  rhesus  m o n k e y  M accaca m ula tta  
an d  are  venerea l ly  transm it ted  in the  la tte r  species 
(O 'Bannion et al. 1987, O strow  et al. 1990, Reszka et 
al. 1991).

In ce taceans,  p en i le  pap illom as associa ted  with 
papillom avirus-l ike partic les  h ave  b e e n  obse rved  in 
3 of 31 (9.7%) sp e rm  w h a le  P h yse te r  m acrocepha lus
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bulls ca u g h t  off the  w es t  coast of Ice land  in 1981-1982 
(L am bertsen  et al. 1987). A no-genita l  an d  buccal p a ­
pillom as an d  fibropapillom as (epithelial hyperp las ia  
a c co m p an ie d  by proliferation  of the  d e rm a l  com po­
nents) h ave  b e e n  re p o r te d  from 3 o ther  species  of 
odon toce te s  an d  1 b a lee n  w h a le  (see T able  1), h o w ­
ev e r  the  viral etiology has  not b e e n  confirm ed in any 
of th e se  (G reenw ood  et al. 1974, G erac i et al. 1987).

H e re  w e  report  on g en i ta l  an d  l ingua l warts,  which 
r e se m b le  pap illom avirus infection, in dusky  dolphin 
L a g en o rh y n ch u s  obscurus, lo ng -snou ted  com m on dol­
p h in  D elp h in u s capensis, bo ttlenose  do lph in  Tursiops 
truncatus, offshore stock (sensu Van W a e re b e e k  et al. 
1990) a n d  Burm eister 's  porpoise  Phocoena sp in ip inn is  
c a u g h t  in  d irect and  inc identa l  fisheries off Peru 
(Van W a e re b e e k  & Reyes 1994, V an W a e re b e e k  et 
al. 1994, 1995).

MATERIALS AND METHODS

Seven ty -e igh t dusky  do lphins  (35 females, 43 males), 
10 lo ng -snou ted  com m on dolphins (all males), 9 off­
shore  bo ttlenose dolph ins  (1 female, 8 males) and  33 
B urm eiste r 's  porpoises  (13 females , 20 males) w ere  
e x a m in e d  for gen ita l tum ours  at the  ports  of P ucusana  
an d  C erro  Azul on the  cen tra l  P eruv ian  coast, b e tw e e n  
S e p te m b e r  1993 an d  M arch  1995. M oreover, 21 dusky 
do lph ins  (8 females, 13 males), 2 m a le  com m on dol­
phins, 2 m ale  bo tt lenose  do lph ins a n d  6 porpoises 
(1 fem ale,  5 males) w ere  c h e c k e d  for the  p re se n ce  of 
l ingual w arts .  T he  c e ta ce an s  typically b ec a m e  e n t a n ­
g led  in drift or set gillnets a n d  a sphyx ia ted  less than  
12 h be fo re  they w e re  exam ined .

For ep idem iological purposes ,  a ran d o m  succession 
of an im als  was ex a m in e d  to avoid  a possib le bias 
tow ards  positive specim ens.  Difficult field conditions 
often m a d e  it impossib le  to check  all of the  ce taceans  
la nded .  Specim ens  w e re  co ns idered  neg a t iv e  for g e n i­
tal tum ours  only if the  en t ire  gen i ta l  trac t (genital slit 
a n d  a d jac en t  skin, v ag in a  a n d  u te ru s  or pen is  and  
p en i le  sheath ;  Fig. 1) h a d  b e e n  exam ined .  O ccas ion­
ally, dolphins  w ere  no ted  as positive as soon as lesions 
w e re  se e n  on the skin or the  m ucosa  of the  gen ita l slit, 
w h ich  explains  d iffe rences in sam ple  sizes b e tw e en  
body  locations. With 'gen ita l  slit' in m ales  w e refer  to 
the  m ucosa  of bo th  the  slit se n su  stricto  a n d  the con ­
t iguous pen i le  sheath .  With 'skin or cu tan eo u s  warts '  
w e  m e a n  the  lesions o b se rved  on the  skin a d jac en t  to 
the  g en i ta l  slit, w hile  'm ucosa l w ar ts '  refers to the 
lesions o b se rved  on the  m ucosa  of the  g en i ta l  slit, 
pen is  or vagina.

Sam ples  sufficiently la rge  for statistical analysis 
w e re  ava ilab le  only for L a g en o rh y n ch u s  obscurus  and 
P hocoena sp in ip inn is. Before s tudy ing  sexual variation

Fig. 1. L agen o rh yn ch u s obscurus. Warts inside the  genita l  slit 
(large arrow), ad jacen t  skin (small arrows), a n d  on the  penis 

of a dusky  dolphin (MFB-583)

in w art  prevalence,  s tandard  length  distributions of 
m ale  and  fem ale sam ples  w ere  com pared  by  Kolmo- 
gorov-Smirnov 2-sample tests (K-S; H ollander  & Wolfe 
1973). To de te rm ine  if the preva lence  of w ar ts  was 
l inked  to s tandard  leng th  (as a m easu re  of age), we 
d iv ided  the animals into 2 {P. sp in ip inn is) or 3 (L. 
obscurus) leng th  classes, dep e n d in g  on the  sam ple 
size. It is es t im ated  tha t 50%  of L. obscurus, in both 
sexes, attain  sexual m aturity  at 175 cm (Van W a ere ­
b e e k  1992). M ale and  female P. sp in ip inn is  reach  
m aturity  at 155 and  160 cm respectively (Reyes & Van 
W a e re b e e k  in press). Thus, most anim als in the  size 
classes 159 to 174.5 cm (L. obscurus) a n d  129 to 
154.5 cm (P. sp in ip inn is) w ere  sexually im m ature.

To assess sam ple  comparability  for interspecific vari­
ation in w art  p revalence,  s tandard  leng th  distributions, 
ad ju s ted  to respective  m ax im um  body lengths, were  
sub jec ted  to K-S tests. M axim um  reco rded  leng ths  in 
Peruv ian  populations are: 210 cm for L a genorhynchus  
obscurus  (Van W a ereb e ek  1992, 1993), 183 cm for Pho­
coena sp in ip innis  (Reyes & Van W a ereb e ek  1995) and 
258 cm in D elph inus capensis  (Van W a e re b e e k  et al. 
1994).

Exact 95%  confidence intervals (Cl) for proportions 
w ere  com puted  based  on a re la tionship b e tw e e n  the F 
and  binomial distributions (Fisher & Yates 1963, Zar 
1984). Differences in preva lence  of infection w ere  
verified with ch i-squared  contingency tests or 2-tailed
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Fisher's exact tests (the latter for 2-by-2 matrices with 
n < 100). Statistical significance w as set at a  = 0.05.

Selected  lesions w e re  m easu red  and  photographed . 
Typical warts from each  species w ere  excised and  
fixed in 10% form aldehyde, deh y d ra ted  in a g raded  
series of e thanol an d  e m b e d d e d  in paraffin. Tissue 
sections 5 to 7 pm thick w ere  s ta ined with hematoxylin  
and  eosin for histologic examination. Immunohisto- 
chemical staining, to detec t papillomavirus group 
specific antigens, w as  realized on formol fixed warts  
by the peroxidase  an t i-peroxidase  (PAP) technique, 
using a rabbit  an t ise rum  against SDS-disrupted  bovine 
papillomavirus-1 virions (Dakopatts, CA, USA), as d e ­
scribed by S u n d b e rg  et al. (1984). N ega tive  controls 
consisted of sam p les  of healthy  genital m ucosa for 
each  species, or of negative  rabbit  se rum  used  as a 
prim ary  antibody.

Preparations of fresh genital warts  from the 4 species 
w ere  negatively  s ta ined  with u rany lace ta te  and  post­
fixed with osm ium  tetroxide. Sam ples w ere  exam ined  
with a S iemens 102 transmission electron microscope 
(Berlin, G erm any) a t  100 kV.

RESULTS 

G eneral clinical features

We found gen i ta l  warts  on the skin border ing  the 
genital, anal and  m a m m a ry  slits, on the m ucosa inside 
the genital slit, the  vag ina and  the pen is  (Fig 1), but 
not on the cervix nor  in the u terine  horns. C u taneous  
lesions w ere  white ,  light or dark  grey, in concordance 
with the  local sk in  colour. Slightly raised and  oval, 
they sometim es p ro jec ted  inside the 
genital slit w h e re  their m orphology 
resem bled  m ucosal warts. The latter 
stood out in relief, w ere  oval or circu­
lar and  generally  show ed  an  irregular  
folded or velvety surface. Their colour 
was white, gray, black or pinkish.
Bicoloured w arts  w ere  observed  in 
some cases.

The size of the  cu taneous  warts  in 4 
animals ranged  from 8 x 4  m m  to 20 x 
15 mm  (n = 4) while  tha t of the mucosal 
lesions in 24 ce tacean s  varied  be tw e en  
3 x 3  mm  and  20 x 15 m m  (n = 46).

The pinkish, l ingual  w arts  w ere  d is­
tributed at the base, top and  sides of 
the tongue  and  m e a su re d  b e tw e en  2 x 
2 m m  and  26 x 14 m m  (n = 5; Fig. 2).
The b iggest two had  w rinkled  sur­
faces while the  rem a in ing  ones w ere  
smooth.

H istological features of the lesions and virus detection

G enital warts

The histological fea tu res  of the lesions w ere  as fol­
lows. A sharply  limited epithelial hyperp la s ia  affec ted  
the stra tum  sp in o su m  (Fig. 3) in all sam ples  of the 4 
species. The stra tum  ex te rn u m  w as also th ic k en e d  in 
the  lesions of D elp h in u s capensis, Tursiops truncatus, 
a n d  Phocoena sp in ip in n is  a l though  not in all sam ples .  
Some hyperp las ia  w as  observed  at the  tip of the  e p i ­
thelial re te  ridges in P. sp in ip innis. Koilocytosis or cyto­
p lasmic per inuc lea r  vacuolization of the  cells, a com ­
m on fea tu re  of m a n y  pap i l lom avirus-induced  lesions 
(Shah & H ow ley  1990), was o b se rved  in L a g en o ­
rh yn ch u s obscurus, P. sp in ip inn is  an d  71 truncatus  
(Fig. 4). In the  la tte r  species  it w as seen  in only 1 of the
2 an im als  ex a m in e d  a n d  at a low density. It w as not 
seen  in the  lesions of 2 D. capensis. No cytoplasmic 
inclusions w ere  noted .  The d erm a l  pap i l lae  w ere  
e lo n g a te d  bu t not truly hyperp lastic  in m ost sam ples  
(Fig. 3). In the  4 species, lym phocyte  infiltration oc­
cu rred  in the  derm is  of the  warts  in most bu t  not all 
cases. We refer to the  lesions as w arts  an d  not pap i l lo ­
m as (Table 1), w hich  are  charac te r ized  by hyperp las ia  
of papillae.

T he  strata sp in o su m  an d  ex te rn u m  con ta ined  nuclei 
w hich  s ta ined  positive for genus-specific  pap i l lo ­
m avirus  s tructura l an t igens  (Fig. 5) in w arts  from 2 of
3 L a g en o rh yn ch u s obscurus. The s ta in ing  w as often 
m ore in tense  in the  u p p e r  layers of the  s tra tum  sp in ­
osum  bu t w as ab sen t  in the  ad jacen t  hea lthy  e p i th e ­
lium. A w e a k  positive s ta in ing w as d isce rned  in nuclei 
of w arts  of 2 of 4 Phocoena sp in ip inn is. Papillomavirus

K B

ÍNV

A t

Fig. 2. D elph inus capensis. Warts on  the  to n g u e  of a lo n g -b e a k e d  com m on 
dolph in  (KVW-2404); a r row s  ind ica te  sm aller  lesions
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an t igens  could not be de tec ted  in the lesions of 2 D el­
p h in u s  capensis  nor of 2 Tursiops truncatus.

No viral particles w ere  se en  by electron microscopy 
(EM) in negative  contrast p repara tions  of f resh  warts  
(Dr D. D ekegel & G. Van H eu le  pers. comm.; Table 1).

Lingual warts

T he  histological s tructure of the  l ingual tumours 
differed som ew hat from tha t of the gen i ta l  lesions. 
Epithelial hyperp lasia  uniformly affected th e  3 strata 
(acanthosis). N either  koilocytosis nor cytoplasmic 
inclusions w ere  visible. The derm a l pap illae  w ere  
short.

Convincing immunoreactiv ity  for genus-specific  p a ­
pillomavirus s tructural an t igens  w as not d e lec ted  in 
these  lesions.

E pidem iology

L agenorhynchus obscurus

Of 78 dusky dolphins exam ined, 52 (66.7 %, Cl 57.0 to 
74.0%) suffered from genita l warts. Body le n g th  h isto­
g ram s of male and  fem ale sam ples  w ere  fully co m p a ra ­
ble (K-S = 0.73, DN = 0.17, p = 0.66). G enital tumours 
w ere  twice as p reva len t  in males as in females (Table 2), 
indicating a significant sexual variation (Fisher's test, 
p < 0.0001). P revalence seem ed  to be in d e p e n d e n t  of 
body length, both in females (x2 = 4.48, df = 2, p > 0.1) 
and  males (y2 = 0.55, df = 2, p > 0.5) (Table 3), bu t  we 
recom m end  reconfirmation with a larger sample. The 
smallest dolphin examined, a 159 cm male, w as  positive 
bu t sexually im m ature  (deduced  from its size).

T h e  locations of the  lesions are  p re se n ted  in T able  4. 
In males, the lesions occurred  more often inside the 
gen i ta l  slit (including penile  sheath) than  on the  skin 
border ing  the slit or on the  penis (%2 = 40.1, df = 2, p < 
0.001). The female sam ple  also sugges ted  a h igher  
inc idence inside the genital slit, a l though  not signifi­
cantly  so (x2 = 2.46, df = 2, p > 0.1), possibly d ue  to 
small sample size. In most dusky  dolphins (81% of 
11 females, 73%  of 26 males), w arts  d eve loped  at a 
un ique  location. Some animals show ed lesions both 
inside the genital slit and  su rround ing  skin or in the 
gen i ta l  slit and  on the  penis; one m ale  had  w ar ts  on the 
skin, genital slit and  penis (Fig. 1).

O n the skin around  the slit, the m odal condition was 
a single w art (6 males, 3 females) with only 2 males 
show ing  2 lesions. An ave rage  of 1.6 (s tandard  dev ia ­
tion, SD, = 0.8, range  1 to 4) and  a m ed ian  n u m b e r  of 1 
( range 1 to 3) mucosal lesions w ere  p resen t in 37 males 
an d  12 females, respectively. We did not find any  lin­
gual  warts  in L agenorhynchus obscurus  (n = 21).

3 œ
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Fig. 3. Tursiops truncatus. 
Low pow er view of the 
bo rder  of a penile  wart 
in a bottlenose dolphin 
(KOS-284) with m ark ed  
hyperp lasia  of the  3 e p i ­
thelial layers an d  e lo n g a ­
tion of the de rm al  p ap il ­

lae. Scale bar  = 50 pm

Fig. 4. P hocoena sp in ip inn is. C lus­
tered  koilocytes (arrows) in the 
u p p e r  p a r t  of the  epithe lium  of a 
genita l  lesion in a Burmeister 's  
porpoise (MFB-604). Scale bar  = 

10 pm

*  *

D e lp h in u s capensis

Of 10 m ale  long -snou ted  com m on dolphins e x a m ­
ined for genital warts,  half suffe red  the  d isease  r e g a rd ­
less of sexual m atur i ty  (Table 5). O n e  of 2 dolphins 
ex am in ed  for lingual w ar ts  h ad  5 lesions on the  u pper  
surface  of its tongue  (Table 5, Fig. 2). T h a t  an im al was 
free of warts  on the skin  a d jac en t  to the  gen ita l slit and  
on the  penis.

Tursiops truncatus

Fig. 5. L a g en o rh yn ch u s obscurus. Cluster  of positively s ta ined 
cells (arrows), r evea led  by PAP technique, m  the u p p e r  part  of 
the epithe lium  of a genita l  slit w ar t  in a dusky  dolphin. Scale 

bar  = 1 0  pm

Of the  8 m ale  bo ttlenose dolph ins s tudied, 3 show ed  
pen i le  warts  (Table 6). Both sexually  m a tu re  a n d  im ­
m a tu re  dolphins w ere  affected. T he  only fem ale  bo t­
tlenose  dolphin ava ilab le  w as  free of gen i ta l  tumours. 
No lingual lesions w e re  found in 2 dolphins.
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T ab le  2. Sexual varia tion  in p rev a len c e  of gen ita l  w arts  in dusky  do lph in  (L agen o rh yn ch u s obscu ru s) a n d  Burmeister 's  porpoise 
(P hocoena  sp in ip inn is) from Peru. N u m b e r  of c e tacean s  e x am in ed  (Nex), n u m b er  with warts  (Nw), p e rce n ta g e  p revalence

(% prev.) a n d  95 %  confidence in tervals  (Cl) are indica ted

Species Fem ales Males
Nex N w % prev. 95 %  Cl Nex Nw % prev. 95 % Cl

L a g e n o rh y n c h u s  obscurus 35 15 42.9 26 .2-60 .7 43 37 86.0 72.1-94.7
P hocoena  sp in ip in n is 13 3 23.1 5 .0 -53 .8 20 13 65.0 40 .8-84.6

T ab le  3, P reva lence  of gen ita l  w arts  acco rd ing  to body size a n d  sex  in dusky  dolphin (L ag en o rh yn ch u s obscu ru s) a n d  B urm eis­
ter 's  po rpo ise  (P hocoena  sp in ip in n is)  from Peru. N u m b e r  of ce tac e an s  exam ined  (Nex), n u m b er  with w arts  (Nw), p e rce n ta g e

p re v a le n c e  (% prev.) an d  95%  Cl, w h e re  m eaningful,  a re  indica ted

Species Size class 
(cm) Nex

Fem ales 
Nw % prev. 95 % Cl Nex Nw

Males 
% prev. 95 % Cl

L a g e n o rh y n c h u s  obscurus All sizes 35 15 42.9 26.2-60.7 43 37 86.0 72.1-94.7
159-174.5 8 3 37.5 - 16 14 87.5 61.7-98.5
175-184.5 12 8 66 67 34.9-90.1 11 10 90.9 58.8-99.8
>185 15 4 26.67 7.8-55.1 16 13 81.25 50.0-99.5

P hocoena  sp in ip in n is All sizes 13 3 23.1 5.0-53.8 20 13 65.0 40 .8-84.6
129-154.5 9 3 33.3 - 7 3 42.86 -

155-176 4 0 0 - 13 10 76.92 -

Tab le  4. P reva lence  of w a r ts  on the  skin b o rd e r in g  the  genita l  slit, inside  the slit, on the  vag ina  or on penis  in positive dusky 
d o lph in  (L a g en o rh yn ch u s o b sc u ru s ) a n d  B urm eiste r 's  porpoise  (P hocoena spin ip innis)  from Peru. N u m b e r  of positive ce taceans  
e x a m in e d  for a pa r t icu la r  location (Nex), n u m b e r  of spec im ens  with w arts  at this location (Nw), p e rcen tag e  p rev a len ce  (% prev.)

a n d  95 %  Cl, w h e re  m ean ing fu l  (usually sam ples  >15), a re  indica ted

Species Location
N ex

Fem ales 
Nw % prev. 95%  Cl Nex Nw

Males 
% prev. 95%  Cl

L a g e n o rh y n c h u s  obscurus Skin 14 4 28.6 _ 33 7 21.2 9 .0 -3 9 .Q
G eni ta l  slit 15 9 60 32.3-83.7 37 33 89.2 74 .6-97.0
V ag in a /p en is 11 4 36.36 - 30 8 26.7 12.3-45.9

P hocoena  sp in ip in n is Skin 2 0 - - 13 1 7.7 0 .2-36 .0
G eni ta l  slit 3 2 - - 13 10 76.9 -
V ag in a /p en is 2 1 - - 12 7 58.3 -

Phocoena sp in ip in n is

Of 33 Burmeister 's  po rpoises  exam ined ,  16 (48.5%, 
Cl 33.0 to 64.0%) h ad  gen i ta l  warts.  M ale  a n d  female 
sam ples  show ed  similar s ta n d a rd  leng th  distributions 
(K-S = 1.09, DN = 0.39, p = 0.19). T he  f requency  of 
the  lesions was significantly co rre la ted  with  the  sex of 
the  an im als  (Fisher's test, p = 0.019), w ith  m ales  being 
alm ost 3 times m ore p ro n e  to the  d isease  th a n  females 
(Table 2).

F isher 's  tests rev e a le d  no s ignificant varia tion  in in ­
fection b e tw e en  the  2 de f ined  le n g th  classes (Table 3), 
e i the r  in males (p = 0.13) or fem ales  (p = 0.29), h o w ­
ever, this should be co rrobora ted  with  a b igge r  sample, 
T he  smallest positive sp e c im en  w as a 136.5 cm se x u ­
ally im m atu re  fem ale  (d educed  from body  size).

D ata  on the location of warts  are  show n in T able 4. A 
limited sam ple  h in ted  tha t in males, lesions may 
develop  more often in the  genital slit or on the penis 
than  on the skin (%2 = 13.4, df = 2, p <0.01). Of 12 posi­
tive males, 4 h ad  warts  both inside the  gen ita l slit and 
on the  penis. Lesions w ere  observed  at a single loca­
tion in 7 of 10 males.

O ne porpoise had  2 cu taneous warts. A m edian  
n u m b e r  of 2 (range 1 to >10) m ucosal lesions was 
observed  in 17 males, In 1 of 2 males with  num erous  
pen ile  warts  (>10), s e aw ee d  was lodged  in ternally  in 
the  space  b e tw e en  the affected penis an d  its sheath  
w hich  almost im peded  the penis from being  pulled 
out (Fig. 6).

Six porpoises exam ined  for lingual tum ours  w ere  
negative .
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Table  5. D elphinus capensis. P resence  (Pres) of warts  in male long-snou ted  com m on dolph ins c au g h t  off centra l  Peru  in 1994, 
with s tan d ard  leng th  (SL) a n d  sexual  maturity  (SM: IMM is im m ature ,  MAT is m ature) of sp ec im en s  exam ined .  Location of g e n ­
ital warts  on the skin bo rdering  the  genita l  slit (Skin), inside the slit (Slit) or on the  pen is  is indica ted .  W h ere  know n, the  n u m b er  

of warts  is given o therw ise  only their confirm ed p re sen ce .  NE: not ex am in ed

N um ber Locality Date SL
(cm)

SM
Pres

Genita l  warts  
Skin Slit Penis

Lingual warts 
Pres

MFB 676 Cerro  Azul 9 Ju n e 197 IMM Yes Yes No No NE
KOS 306 Cerro  Azul 7 July 200 IM M “ Yes NE 1 No NE
MFB 507 Cerro  Azul 17 May 200.5 IMM No No No No NE
MFB 675 Cerro  Azul 9 Ju n e 200.5 IMM No No No No NE
KOS 307 Cerro  Azul 7 July 203 IMM Yes NE 3 No NE
MFB 511 Cerro  Azul 18 May 204.5 IMM No No No No NE
MFB 510 Cerro  Azul 18 May 207 IMM No No No No NE
MFB 508 Cerro  Azul 17 May 210.5 IMM No No No No NE
KOS 291 Cerro  Azul 7 July 212 IMM" Yes NE No 1 NE
KVW 2404 Pucusana 31 May 228.5 MAT NE No NE No 5
MFB 529 Cerro  Azul 22 May 240.5 MAT Yes 1 1 No NE
KVW 2403 Pucusana 31 May 241 MAT NE No NE No No

“Maturity  of spec im en  d e d u ce d  from body leng th

Table  6. Tursiops truncatus  P resence  (Pres) of genita l  papillomas in bo ttlenose  dolphins c au g h t  off Peru  in 1994-1995, with sex, 
s tan d ard  leng th  (SL), sexual maturity  (SM: IMM is im m ature ,  MAT is m ature)  a n d  da te  of exam ination .  Location of gen ita l  warts  
on the skin bordering  the genita l  slit (Skin), inside the slit (Slit), on the  pen is  (Pen) or the  v ag in a  (vag) is ind ica ted .  W here  known, 

the n u m b er  of papil lomas is given, o therw ise  only their  confirm ed p resence .  NE: not ex am in ed

N u m b e r Locality Sex SL
(cm)

S M Date
Pres

G enita l  warts  
Skin Slit P e n /v ag

Lingual warts  
Pres

KVW 2417 Pucusana M 216 IM M “ 29 M ar  95 Yes NE No 2 No
KOS 284 Cerro  Azul M 240 IM M a 7 Jul 94 Yes NE No 1 NE
MFB 533 Cerro  Azul M 262.5 IMM 26 M ay 94 No No No No NE
MFB 702 Cerro  Azul F 272 MAT 10 Ju n  94 No No No No NE
MFB 701 Cerro  Azul M 272.5 IMM 10 Ju n  94 No No No No NE
MFB 532 Cerro  Azul M 294 MAT 26 M ay  94 Yes No No 3 NE
MFB 616 Cerro  Azul M 295 IMM 15 Ju n  94 No No No No NE
MFB 608 Cerro  Azul M 303.5 MAT 15 Ju n  94 No No No No NE
KVW 2412 Pucusana M 316 M A T “ 17 Feb 95 No No No No No

“Maturity  of spec im en  d e d u ce d  from body leng th

Interspecific variation

Pair-wise com parisons in genital w art  p reva lence  
b e tw e e n  the species d iscussed below w ere  legitimate 
because  s tandard  length  distributions, ad jus ted  to r e ­
spective m ax im um  lengths, w ere  sufficiently similar 
(K-S tests, p > 0.05).

The m ale  sam ples  sugges ted  a h igher  p reva lence  of 
genital w arts  in L agenorhynchus obscurus  (86%) than 
in D elphinus capensis  (50%; Fisher's, p = 0.023) and  
possibly Phocoena sp in ip inn is  (65 %, Fisher's, p = 0.09). 
In female samples, the t rend  of h igher  p reva lence  in L. 
obscurus  (43%) com pared  to P. sp in ip inn is  (23%) was 
also seen, but could not be confirmed statistically 
(Fisher's, p = 0.36). G iven the  small samples of P. sp in i­
p inn is  and  D. capensis, chances  are that the observed 
d ifferences w ere  really significant but failed to be 
d em onstra ted  (ß-error).

The m e d ian  n u m b e r  of lesions p e r  infec ted  spec im en  
w as h ighe r  in porpoises th a n  in dusky  dolphins  (M ann- 
W hitney  17-test, Z  = 2.05, p < 0.05). F u rthe rm ore ,  only 
in porpoises  did w e reg is te r  a h igh  n u m b e r  (>10) of 
pen i le  tumours.

While sam ple  com parabil ity  could not be verified, 
the  overall p reva lence  of pen ile  pap i llom as in sperm  
w hale s  from Iceland (9.7%, n = 31), as re p o r te d  by 
Lam ber tsen  et al. (1987), a p p e a rs  to be  considerably  
low er th a n  the  levels found in dusky  dolphins and  
Burm eister 's  porpoises (x 2 = 11.1, df = 2, p = 0.004).

DISCUSSION

T he  p re se n t  ep idem iological da ta  ind icate  tha t  g e n i ­
tal w arts  are  w id esp re ad  in small odon toce tes  from 
Peruv ian  coastal waters.  M acro  an d  microscopical fea-
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Fig. 6. P hocoena sp in ip inn is. E xtensive  w ar ty  lesions on the pen is  of a Burmeister 's  porpoise  (MFB-495) with se a w e e d  lodged
b e tw e e n  the  pen is  a n d  its shea th

tu res  of the  lesions re se m b le  those of b en ig n  genital 
pap illom as in h u m an s .  T he  epithelia l hyperplasia , the  
p re se n c e  of koilocytes and  the  detec tion  of genus-  
specific pap illom avirus s tructura l an t igens  in some 
sam ples  sugges t  tha t  papillomavirus(es) m ay be the  e t i­
ological agent(s) of the  disease .  A non-produc tive  state 
of the  infection could explain  the  nega t ive  results in the 
o the r  sam ples  as the  im m unohis tochem ica l  s ta in ing for 
pap il lom avirus  s tructura l an t ig en s  only detec t  p ro d u c ­
tive infection. In h u m a n s  the  a n t ig en  is d e tec ted  in only 
ab o u t  50%  of histologically ev id en t  lesions (Koutsky 
et al. 1988). Alternatively, the  papillomavirus(es) of 
these  ce ta ce an  species  could r e p re se n t  (an)other virus 
type(s) not r ecogn ized  by the  antisera , as descr ibed  for 
severa l  HPVs (see Koutsky et al. 1988). Thus, genus-  
specific pap illom avirus an t ig en s  w ere  d e tec ted  in n e i ­
th e r  cu taneous  nor p en i le  pap illom as of D elph inus  sp. 
(Sundbe rg  et al. 1984) an d  P h yse te r  m acrocepha lus  
(Lam bertsen  e ta l .  1987) respectively, a l though  in tra n u ­
clear  virus partic les  w e re  obse rved  by EM in the latter.

The  failure to d em o n s tra te  virus particles  by EM in 
nega tive ly  s ta ined  p rep a ra t io n s  of the  w arts  of P e ru ­
vian  dolphins a n d  porpoises  m ay be re la ted  to a low 
density  of virus particles.  In h u m a n  g en ita l  papillomas, 
viral particles are  also notoriously difficult to d e m o n ­
stra te  (Shah & H ow ley  1990). N everthe less ,  virological 
a n d  m olecular  studies a re  n ecessa ry  to further  e luci­
da te  the etiology of the  gen i ta l  an d  oral tum ours  found 
in P eruvian  odontocetes.

T he  genital location of the  w arts  an d  their  high 
p rev a len c e  in the  do lphins an d  porpoises s tudied

strongly suggest  a vene rea l  transm ission of the  dis­
ease, as is the case in hum ans (Barrett et  al. 1954, Oriel 
1971). The rem arkab ly  high f requency  of genital warts 
an d  the ir  occurrence in gonada l im m ature  bu t  sexually 
active animals m ay well be  re la ted  to the  h igh  level of 
sexual activity exhibited  by delphinids. This includes 
hom osexual behaviour, w ide sp rea d  sexual activity by 
juveniles, and  even  in tergeneric  m ating  (Brown et al. 
1966, Würsig & Würsig 1979, Wells et al. 1987, Morris 
& Lockyer 1988). Vertical transmission, i.e. t ransm is­
sion from the m other  to the infant during  p reg n a n cy  or 
at birth, is described  in hum ans  (Koutsky et al. 1988) 
and  could also account for some lesions observed  in 
v ery  young  dolphins and  porpoises.

The highest p reva lence  of genita l w arts  was ob ­
se rved  in m ale  dusky  dolphins (86%). Interestingly, 
the  m ating  system of this species has  recently  been  
def ined  as promiscuous, i.e. several males m ay mate 
with  each  female at the sam e oestrus (Van W a e re ­
b e e k  1992, Van W aereb e ek  & Read 1994). Assuming 
a v ene rea l  transmission, such a m ating  system would 
favour a high p reva lence  of genital tumours. In 
hum ans,  genital papillomas also occur p redom inantly  
in prom iscuous populations (Oriel 1971, Koutsky et 
al. 1988).

T he  lower p reva lence  (9.7%) of pen ile  papillomas 
in spe rm  w hales  (Lambertsen et al. 1987) could be 
re la ted  to its polygynous m ating  system w here  m any 
sexually  m aturing  males are  exc luded  from b reed ing  
by older, dom inant males which m onopolize females 
(Oshumi 1971, Best 1979). However, it is unclear
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w h eth e r  L am bertsen  et al. (1987) exam ined  the genital 
slit and  the  ad jacen t skin of the w hales  and  therefore 
w h e th e r  their p reva lence  of genital lesions, as defined 
here  for the small ce taceans,  is com parable.

In L agenorhynchus obscurus  and  Phocoena sp in i­
pinnis, the 2 species for which sufficient data  were  
available, males w ere  2 times more likely to be 
affected with visible tumours than  females. The r e a ­
sons for this variation are  u n k n o w n  but horm onal and 
behavioral differences m ay play a role.

A lthough  the lowest w art  p reva lence  was observed  
in the la rgest (oldest) females (L agenorhynchus obscu­
rus  and  Phocoena spinipinnis), the re  was no ev idence 
of any  d e p e n d e n c y  on length  classes (as a m e asu re  of 
age) in any  of the 4 species. This m ay suggest  tha t the 
infection does not induce a strong, long-lasting im m u ­
nity and  that su b se q u en t  reinfections occur due  to 
f requen t  sexual contacts. Alternatively the lesions 
could persist for w ee k s  or m onths possibly because  of a 
minimal im m une response to infected cells, as has been  
ad v a n ce d  for HPV infections in hum ans  (see Shah  & 
Howley 1990). Finally, d ifferent types of the sam e virus 
could successively infect the dolphins and  porpoises, 
thus c ircum venting imm unity  induced  against other 
types. However, fu rther  studies encom pass ing  a larger 
n u m b e r  of specim ens should be carried  out before any 
definitive conclusions can be  drawn.

The w arts  w ere  regularly  found at several sites in the 
genital tract of dolphins an d  porpoises, as in HPV 
infected hum ans  (Rudlinger et al. 1986). Extensive 
lesions (>10) w ere  p resen t  in 2 porpoises. Similar 
clinical f indings are  know n from the sperm  w hale  
(Lambertsen  et al. 1987) and  from h um ans  (Oriel 1971). 
In ex trem e cases (e.g. MFB-495), the reproductive  
success of the animals m ay be compromised.
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