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O r t h o p o x v i r u s  n e u t r a l i s i n g  a n t i b o d i e s

IN  SMALL CETACEANS FRO M  TH E S O U T H E A S T  P A C IF IC  

M.-F. V a n  B r e s s e m 1'*, K. V a n  W a e r e b e e k 1 a n d  M. B e n n e t t 2

T h o u s a n d s  o f d u s k y  d o lp h in s  (L agenorhynchus  
obscurus), long-beaked com m on do lph ins (Delphinus 
capensis), co m m o n  b o ttle n o se  d o lp h in s  (Tursiops 
truncatus) of the inshore and  offshore ecotypes (Van 
W a e re b ee k  et al., 1990; S an in o  et al., 2005) a n d  
B u rm eis te ri porpoises (Phocoena spinipinnis) have been 
caugh t in  fisheries off Peru, h an d led  by fishm arket 
w orkers and  com m ercialized for consum ption  by local 
p e o p le  (V an  W a e re b e e k  a n d  R ey es, 1994; V an 
W aerebeek et al., 1997,1999) at least since the 1970s. In 
addition , traum as caused by fishing devices includ ing  
gillnets, purse-seines and  harpoons, probably cause the 
death  of unknow n  num bers of in jured  sm all cetaceans 
tha t m anage to escape (Van Bressem  et al., 2006). Tírese 
m am m als are com m only infected by m orbilliviruses, 
poxviruses, papillom aviruses, herpes-like v iruses and  
Brucella sp. (Van Bressem  and  Van W aerebeek, 1996; 
Van Bressem  et al., 1994; 1996, 1998, 2001a,b) and  are 
infested by several species of helm inth  parasites (Reyes 
and  Van W aerebeek, 1995; Van W aerebeek et al., 1990, 
1993). M orbilliviruses, poxviruses and  Brucella sp. as 
w ell as Crassicauda sp. nem atodes have the poten tia l 
fo r  s ig n if ic a n t  a d v e rs e  im p a c ts  o n  p o p u la t io n  
abundance by increasing n a tu ra l m ortality  a n d /o r  by 
negatively affecting reproduction  (Perrin  and  Pow ers, 
1980; M iller et al., 1999; Van Bressem  et al., 1999, 2006; 
G onzález et al., 2002;). The question  arises w heth er 
heavily  explo ited  p o p u la tio n s such as P e ru 's  sm all 
o d o n to c e te s  m ay  su ffe r  a le v e ra g e d , n o t s im p ly  
additive , im pact on its conservation  sta tus th rough  an  
in teraction of fisheries-related sources of m ortality  and 
m o rb id ity  w ith  n a tu ra l sources. This conserva tion  
concern flags these popu la tions as p riority  subjects for 
research . In  th is p a p e r w e re p o rt on  a sero log ical 
survey for poxvirus exposure in  Peruvian  cetaceans. 
A p rev io u s  ep id em io lo g ica l su rv ey  in d ica ted  th a t 
poxv iruses are  endem ic in  P eru v ian  p o p u la tio n s of 
L. obscurus, D. capensis, T. truncatus an d  P. spinipinnis 
(Van Bressem  an d  Van W aerebeek, 1996). Infection is 
c h a ra c te rise d  by p a th o g n o m o n ic , ir re g u la r , g ray , 
b la c k  o r y e llo w is h , s t ip p le d  le s io n s  k n o w n  as 
" ta tto o s"  (Figure 1) th a t m ay occur on any  p a rt of the 
b o d y  b u t  w h ic h  sh o w  a p r e f e r e n t ia l  c o rp o ra l  
d is trib u tio n  d ep en d in g  on  the species (Van Bressem  
a n d  V an  W a e re b ee k , 1996). T he v iru s  p ro b a b ly  
induces h um ora l im m unity  th a t m ay p ro tec t calves 
from  the d isease (Sm ith et al., 1983; V an Bressem  and  
Van W aerebeek, 1996). The poxviruses affecting sm all 
cetaceans from  the Southeast Pacific have no t ye t been

isolated  nor characterized . O ther cetacean poxviruses 
w ere  recently  detec ted  in  both cap tive cetaceans, such 
as Indo-Pacific bottlenose do lph ins (Tursiops aduncus), 
and  in  free-ranging  ro u g h -to o th e d  d o lp h in s  (Steno 
bredanensis), s trip ed  d o lp h in s  (Stenella coeruleoalba) 
an d  bottlenose dolphins (T. truncatus) from  F lorida. A 
polym erase chain  reaction  assay  w as used, ta rgeting  
the DNA polym erase an d  D N A  topo isom erase genes 
of m em bers of the subfam ily  Chordopoxvirinae (fam ily 
P o x v irid a e ) (B rach t et al., 2006). T hese  c e tacean  
poxviruses belong to a new  genus of Chordopoxvirinae, 
b u t have a com m on, m ost im m edia te  ancestor w ith  
te r re s tr ia l  p o x v iru se s  of the  g en u s  Orthopoxvirus 
(Bracht et al., 2006). The genus Orthopoxvirus includes, 
am ong  o thers, the sm allpox v iru s  (now  erad ica ted  in  
h u m an s), vacc in ia  v iru s  (the  sm allp o x  vaccine of 
u n k n o w n  o rig in ), a n d  cow pox  v iru s , en d em ic  in  
E u ro p ean  w ild  ro d e n ts  an d  acc id en ta lly  in fec tin g  
hum ans, cats an d  cattle  (H azel et al., 2000; Esposito  et 
al., 2004). The o rth o p o x v iru se s  are  closely  re la ted  
an tigen ica lly  an d  genetically , an d  ex tensive cross
n e u tra lisa tio n  an d  c ro ss-p ro tec tio n  occur be tw een  
them  (M oss, 1996).
The study  repo rted  here w as carried  ou t in  1993-1997 
w h e n  v e ry  few  d a ta  w e re  a v a ila b le  on  ce tacean  
p o x v iru s e s . O n  th e  b a s is  of th e  b r ic k - s h a p e d  
m orphology of cetacean poxviruses (Van Bressem  et 
al., 1993) a n d  the b io logy  of Chordopoxvirinae, w e 
hypo thesized  tha t the v iruses infecting dolph ins and  
p o rp o is e s  fro m  th e  S o u th e a s t P acific  m ay  sh a re  
an tigens w ith  m em bers of the Orthopoxvirus genus.

F ig u re  1. T a tto o  le s io n s  o n  th e  th ro a t  o f a  d u sk y  d o lp h in  
(Lagenorhynchus obscurus) from  Peru  (MFB-614).
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Titus, w e conducted a serological survey for the presence (Reyes an d  Van W aerebeek, 1995).
of o rthopoxvirus neutralising  antibodies in  58 sm all Stocks of cow pox v im s (stra in  L97/ C as keli et a l, 1983)
cetaceans caught off Peru  in  1993-1995. We tested for w ere p roduced  on chorioallantoic m em branes (CAM)
cowpox virus as a representative m em ber of the genus of 12 day_old  chick em bryos and  passaged  once on
O rthopoxvirus th a t in fec ts  m am m als  b e lo n g in g  to  VerQ ceUs A fter freeze_th aw in g  in fected  cells and
d ifferen t o rders, in c lu d in g  A rtiodacty la  (even-toed  rem oving cell debris by centrifugation, the stocks w ere
ungulates), w hich are phylogenetically closely related titra ted  and  aliquots stored at -80°C. Before apply ing
to cetaceans (M ilinkovitch et al, 1998, Gatesy et a l, 1999). v irus neutralising  (VN) tests, the v irus suspension w as
Blood sam ples (hem olysed , except MFB-485) w ere  th aw ed  an d  u ltra so n ica ted  b riefly  on  ice to avo id
collected from  6 D. capensis (all m ales), 27 L. obscurus c lum ping  of virions.
(11 females, 16 males), 8 T. truncatus (2 inshore females, Sem m  sam ples w ere tested for the presence of COw Pox
1 offshore female, 5 offshore males) and  18 P. spinipinnis v im s neutra]ising alltibodies essentially as described
(8 females, 9 males, 1 m ale foetus) (Table 1). M ost of p reviously in  o ther m am m alian species (e.g. Bennett et
these  sp ec im en s w ere  c o n c u rre n tly  ex am in ed  fo r ^  1985; Crouch et aL> 1995) using Vero cells. Briefly/ all
tattoos in  the context of an  epidem iological study  (Van s(,ra w ere d ilu ted  10_fold in  phosphate  buffer saiine
Bressem  and  Van W aerebeek, 1996). All do lph ins and  (pBS) w ith  1% fo e ta l ca lf  s(, rum> Co m p le m e n t-
porpoises had  been dead  for less than  48 hours, and  inactivated at 56oC for 20 m inutes and  centrifuged to
w ere sam pled  in  fisheries opera ting  off Cerro A zul Uet m ajor d(,hris Th w ere further d ilu ted  three_ or 
(13°00'S, 76°30'W) an d  C hancay (11°37'S, 77°16'W ). five_fo ld  fo r the  VN te s ts . The th ir ty  o r fifty -fo ld
L. obscurus and  P. spinipinnis sm aller than  160cm and  dilutions of the sera w ere m ixed w ith  an  equal volum e
140cm, respectively , w ere considered calves. Sexual (Q 4ml) of a suspension contailling approxim ately 300
m a tu r i ty  w a s  d e te rm in e d  th ro u g h  m a c ro sc o p ic  p laque form ing units (Pfu )/m l of cowpox and incubated
e x a m in a tio n  of g o n a d s  (sem en  in  e p id id y m id e s ; for 5 hours at 37oQ  A n aliquot of virus at 300 p fu /m l
m in im u m  one c o rp u s  a lb ican s  o r c o rp u s  lu te u m  düuted  in pBS w ith  1% inactivated foetal calf sem m  w as
in  o n e  of th e  o v a rie s) , fro m  ev id en ce  of la c ta tio n , included in  a w ell of each set of plates to control virus
o r w a s  in fe r re d  fro m  th e  s ta n d a rd  b o d y  le n g th . activity after the incubation period. Residual infectivity
Van W aerebeek (1992) estim ated  tha t 50% of P eruvian  was detected by inoculation of the sera-virus m ixtures
L. obscurus in  b o th  sexes a tta in  sexual m a tu rity  a t Qn VerQ œU cultures in 6_w ell plates (0.2m l/w ell). After
175cm. Fem ale and  m ale P. spinipinnis reach sexual , hour incubation at 37°C, the form ation of secondary
m atu rity  on average a t 155cm and  160cm, respectively

T able  1. D istribution  of m atu rity  classes in  m ale a n d  fem ale long-snouted  com m on do lph ins (D. capensis), d u sky  do lph ins (L. obscurus), 
bo ttlenose  do lph ins (T. truncatus) a n d  B u rm e is te ri porpoises (P. spinipinnis) exam ined for o rthopoxvirus neu tra lising  antibodies.

Species M atu rity

C lass N  tested

cf

N  pos % pos N  tested

9

N  pos % pos

P o o le d  sexes 

N  tested N  pos % pos

D. capensis Im m ature 5 5 100 0 - - 5 5 100

M ature 1 1 100 0 - - 1 1 100

L. obscurus Calf 2 2 100 3 1 30 5 3 60

Im m ature 2 2 100 4 2 50 6 4 66.7

M ature 12 9 75 4 1 25 16 10 62.5

T. truncatus Im m ature 0 - - 2 2 100 2 2 100

inshore

T. truncatus Im m ature 3 3 100 0 - - 3 3 100

offshore M ature 2 2 100 1 1 100 3 3 100

P .spinipinnis Calf 2 2 100 1 1 100 3 3 100

Im m ature 4 2 50 2 2 100 6 4 66.7

M ature 3 2 66.7 5 5 100 8 7 87.5

The nu m b er (N) of specim ens tested  a n d  seropositive (pos) as w ell as the  percentage of seropositive 
specim ens (% pos) are g iven  for each subsam ple.
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plaques w as prevented by an  agarose overlay. Plaques 
w ere  coun ted  48 hou rs  after inocu la tion  of the cell 
m onolayer. Sera w ere considered positive w hen  they 
reduced plaque form ation by at least 50% at a dilution 
equal or higher than  1:30. The titre of 17 positive sera 
w as further determ ined in the same VN test, using serial 
tw o-fold  d ilu tions of the sera (starting  a t 1:20 [one 
serum ], 1:50 [15 sera] or 1:100 [three sera]).
Cow pox virus neutralising antibodies w ere detected in 
the sera of all D. capensis and  T. truncatus exam ined as 
well as in  17 of 27 (63.0%) L. obscurus, and  in  14 of 173 
(82.4%) P. spinipinnis. A m ong 12 positive dolphins and 
7 P. spinipinnis, neutralising titres ranged from  40 to over 
1600, and  50 to 200, respectively (Table 2). The high 
prevalence of o rthopoxv irus neu tra lis ing  antibodies 
w ith  high titres indicates that Peruvian small cetaceans 
are  com m only infected  by poxv iruses an tigenically  
related to cowpox virus. To date, the only poxviruses 
m icroscopically  encoun tered  in  these m am m als are 
those causing the endem ic and  distinctive tattoo skin 
disease (Van Bressem and  Van W aerebeek, 1996) and  it 
is highly likely that infection by these viruses elicited 
the n e u tra lis in g  an tib o d ies  de tec ted  in  th is  s tu d y . 
Furtherm ore, w e suppose that the poxviruses infecting 
Peruvian small cetaceans are related to those recently 
detected by PCR in tattoo-like lesions in  S. bredanensis 
and  S. coeruleoalba from  the N orth  A tlantic (Bracht et al., 
2006). A lthough these viruses probably belong to a new 
genus of Chordopoxvirinae, they share a com m on m ost 
im m ediate ancestor w ith  terrestrial poxviruses (Bracht 
et al., 2006), w hich  m ay explain the observed cross
neutralization w ith  cowpox virus. Alternatively, a true 
o r th o p o x v iru s  m ay  c irc u la te  in  P e ru v ia n  sm all 
cetaceans. Further investigation including PCR using the 
prim ers described by Bracht et al. (2006) and  serological 
s tu d ie s  sh o u ld  be u n d e r ta k e n  in  th ese  an d  o th e r 
cetacean populations from  the Southeast Pacific.
Tire positive dolphins and  P. spinipinnis included calves 
as w ell as sexually m ature and  im m ature individuals 
(Tables 1 and  2). O rthopoxvirus neutralizing antibodies 
w ere not detected in  the serum  of a near-term  foetus 
from  a seropositive P. spinipinnis (JAS-50) suggesting 
that no antibodies were transm itted  during  pregnancy. 
T he sam e  o b s e rv a tio n  w a s  m a d e  fo r d o lp h in  
m orbillivirus antibodies (Van Bressem et al., 2001b). Tire 
c e tacean  p la c e n ta  is of th e  e p ith e lio c h o r ia l  ty p e  
(H a rr iso n , 1969) a n d  it  is th o u g h t th a t m a te rn a l 
im m u n o g lo b u lin s  a re  tran sm itted  to  the o ffsp rin g  
th ro u g h  co lostrum  as in  cattle an d  o ther even-toed 
ungu la tes (M acdonald and  Bosnia, 1985), congruent 
w ith  phylogenetic evidence (M ilinkovitch et al., 1998; 
Gatesy et al., 1999). Thus, the antibodies detected in the 
sera obtained from  calves L. obscurus and  P. spinipinnis 
(Table 2) w ere probably of m aternal origin.

A high density of tattoos w as observed in three im m ature 
D. capensis as w ell as in an  im m ature and  a m ature P. 
spinipinnis that show ed high VN titres against cowpox 
virus. This may reflect a yet incomplete im m une response 
or poxvirus im m une evasion (Johnston and M cFadden, 
2004; Liu et al., 2005). Very high prevalence levels (over 
60%) of tattoo disease in the populations of D. capensis 
an d  P. spinipinnis  s tu d ie d  (V an B ressem  an d  V an 
W aerebeek, 1996) suggest that the poxvirus had  evolved 
to counteract the im m une response and to persist in  the 
skin cells. Tire fact that tattoo skin lesions may last for 
m onths or even years and  may grow very large (Geraci 
et al., 1979; Van Bressem and  Van W aerebeek, 1996; Van 
Bressem et al., 2003) is also in  favour of these hypotheses.
Significance of differences in  prevalence of cow pox 
neutralising antibodies between sexes was verified for L. 
obscurus and P. spinipinnis w ith  a two-tailed Fisher's exact 
test (Swinscow, 1981). Seroprevalence was significantly (P= 
0.04) lower in females (36.4 %, n= 11) than in males (81.25 %, 
n= 16) L. obscurus. H owever, low sample sizes and  in 
particular the low num ber of sera from adult females may 
account for this difference. There w as no significant sexual 
variation (P= 0.24) in seroprevalence in P. spinipinnis (100% 
in 8 females, 66.7% in 9 males; Table 1). An epidemiological 
study conducted in these populations during the same 
p e r io d  a n d  a t the  sam e lo ca tio n s sh o w ed  s im ila r 
prevalences of tattoo lesions in male and female L. obscurus 
b u t twice as m any affected m ales than  fem ales in  P. 
spinipinnis (Van Bressem and Van Waerebeek, 1996). 
Seropositivity  rates w ere sim ilar in  bo th  odontocete 
fa m ilie s  (75.6% in  41 D e lp h in id a e , 82.4% in  17 
Phocoenidae). H ow ever, am ong the im m ature age class 
the titres of neutralising antibodies w ere higher in  the 
d o lp h in s  (over 1600) th a n  in  the  p o rp o ise s  (200), 
suggesting a w eaker hum oral response in  the latter. 
A lternatively, the porpoises m ay be infected by a strain 
or species of p o x v iru s  an tigen ica lly  less sim ilar to 
cow pox v iru s than  the v iru s infecting the dolphins. 
Tírese hypotheses should be fu rther explored.
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T able  2. Presence of orthopoxvirus-specific  antibodies in  the  sera of sm all cetaceans caught off Peru  in  1993-1995 as detected  by  a v irus 
neu tra lisa tion  (VN) test using  cow pox virus.

Species Code SL SEX Year Locality SM Presence Density VN ANTIBODY TITRE

(','m) OF TATTOOS OF TATTOOS AGAINST COWPOX

Delphinus capensis
MFB 113 188.5 d 93 Cerro Azul Imm Yes Medium > 1600“
MFB 675 200.5 d 94 Cerro Azul Imm Yes High 100“
MFB 511 204.5 d 94 Cerro Azul Imm No - 50“
MFB 510 207 d 94 Cerro Azul Imm Yes High 30
MFB 508 210.5 d 94 Cerro Azul Imm Yes Medium > 1600“
MFB 529 240.5 d 94 Cerro Azul Mat No - 40“

Lagenorhynchus obscurus
MFB 535 116,5 d 94 Cerro Azul Calf No - >30
MFB 514 130,5 9 94 Cerro Azul Calf No - >30
MFB 542 132,5 d 94 Cerro Azul Calf No - >30
MFB 72 173 d 93 Cerro Azul [Imm] ne ne 50“
MFB 502 174 d 94 Cerro Azul [Imm] No - >50
RBC 40 186 9 94 Cerro Azul Imm No - 50“
MFB 503 190 9 94 Cerro Azul Imm No - >800“
MFB 71 185,5 d 93 Cerro Azul Mat No - >30
MFB 538 185,5 d 94 Cerro Azul Mat No - >30
MFB 75 186 d 93 Cerro Azul [Mat] ne ne >30
MFB 111 186 d 93 Cerro Azul [Mat] Yes Low >30
MFB 506 187,5 d 94 Cerro Azul [Mat] No - >30
MFB 509 191 d 94 Cerro Azul Mat Yes Low >50
MFB 543 191 9 94 Cerro Azul Mat No - >30
MFB 97 191 d 93 Cerro Azul Mat ne ne >30
MFB 500 192 d 94 Cerro Azul Mat Yes ne 100“
MFB 100 192 d 93 Cerro Azul Mat ne ne >30

Tursiops truncatus (inshore)
MFB 465 229 9 93 Cerro Azul Imm Yes Low >30
MFB 485 253,5 9 94 Cerro Azul Imm ne ne >50

Tursiops truncatus (offshore)
MFB 533 262.5 d 94 Cerro Azul Imm Yes ne >30
MFB 701 272.5 d 94 Cerro Azul Imm Yes Low >30
MFB 616 295 d 94 Cerro Azul Imm ne ne >800“
MFB 702 272 9 94 Cerro Azul Mat No - >800“
MFB 532 294 d 94 Cerro Azul Mat No - >30
MFB 608 303.5 d 94 Cerro Azul Mat No - 50“

Phocoena spinipinnis
JAS 46 130 d 95 Chancay Calf ne ne >50
MFB 496 136.5 9 94 Cerro Azul Calf ne ne 100“
JAS 44 135 d 95 Chancay Calf No - 50“
MFB 749 145 9 95 Chancay Imm No - >30
MFB 524 147 9 94 Cerro Azul Imm Yes Low 100“
MFB 479 151.5 d 94 Cerro Azul [Imm] Yes High 200“
MFB 494 157 d 94 Cerro Azul [Imm] Yes Low >50
MFB 493 153.5 9 94 Cerro Azul Mat No - >30
MFB 480 161.5 d 94 Cerro Azul [Mat] Yes High 100“
JAS 43 163.5 9 95 Chancay Mat ne - >30
MFB 526 164 d 94 Cerro Azul Mat Yes Low 50“
JAS 50 169 9 95 Chancay Mat Yes ne 50“
MFB 718 170 9 94 Cerro Azul Mat Yes Low >50
JAS 48 MAT 9 95 Chancay Mat Yes ne >50

A cronym s: (SL) s tan d ard  bo d y  length, (SM) sexual m aturity , (Mat) m ature, (Imm) im m ature, (ne) no t exam ined. 
The square  b rackets indicate th a t sexual m atu rity  w as in ferred  from  SL, 'a ' in  superscrip t indicates th a t the 
serum  w as titrated .
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