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Abstract

The clinical and epidemiological features of tattoo skin disease (TSD), caused by cetacean poxviruses,

are reported in 257 common bottlenose dolphins (Tursiops truncatus) held in 31 facilities in the USA

and Europe. Photographs and biological data of 146 females and 111 males were analyzed. Dolphins

were classified into three age classes (0-3; 4-8; over 9 years), approximating the life stages of ‘calves

and young juveniles’, ‘juveniles and sub-adults’ and ‘adults’. The youngest dolphins with tattoos were

14 and 15 months old. Minimal TSD persistence varied between 4 and 65 months in 30 dolphins and

was over 22 months in those with very large lesions (> 115 mm).  In 2012-2014,  20.6% of the 257

dolphins had TSD. Prevalence varied between facilities from 5.6% (n= 18) to 60% (n= 20), possibly

reflecting variation in environmental conditions. Prevalence was significantly higher in males (31.5%)

than in  females  (12.3%),  a  pattern which departs  from that  observed in  free-ranging Delphinidae

where there is no gender bias. As with free-ranging Delphinidae, TSD prevalence in captive females

varied with age category, being the highest in the 4 to 8 year old. By contrast, prevalence levels in

males were high in all age classes. Prevalence of very large tattoos was also higher in males (28.6%,

n= 35) than in females (11.1%, n= 18). Combined, these data suggest that captive male  T. truncatus

are more vulnerable to TSD than females possibly because of differences in immune response and

because males may be more susceptible to captivity-related stress than females. 

Keywords: tattoo  skin  disease,  common  bottlenose  dolphin,  Tursiops  truncatus,  captivity,

epidemiology
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INTRODUCTION

Captive common bottlenose dolphins (Tursiops truncatus) are affected by several cutaneous diseases,

with the sub-acute form of erysipelas and tattoo skin disease (TSD) being the most notorious (Geraci

et  al.  1966,  1979,  Sweeney and  Ridgway 1975,  Dunn  et  al.  2001).  Erysipelas  is  caused  by  the

pathogenic bacterium Erysipelothrix rhusiopathiae and, in the dermatologic form, is characterized by

gray,  elevated  rhomboid  lesions  that  occur  over  the  entire  body.  The  pathogenesis  in  this  form

presumably involves  neutrophilic infiltration,  bacterial  microthrombosis  of dermal  vasculature  and

epidermal infarction leading to necrosis. Prompt antibiotic treatment is needed to avoid septicemia and

death (Geraci et al. 1966, Sweeney and Ridgway 1975, Dunn et al. 2001). In odontocetes, TSD is

characterized clinically by irregular, variably extensive, grey or black stippling of the skin (Geraci et

al. 1979, Flom and Houk 1979, Van Bressem et al. 1993). Macroscopically, a presumptive diagnosis

of TSD can be made based on visual inspection of high-resolution photography (Van Bressem et al.

2009). Histologically,  there is focal vacuolar degeneration of cells in the  stratum intermedium and

compaction of adjacent cells in this layer. The overlying stratum externum is increased in depth by the

proliferation of flattened cells extending into the epidermis rather than as an exophytic proliferation.

The vacuolation of some epidermal cells and compaction and hyperplasia of others accounts for the

gross appearance of pale foci with dark tattoo-like marks. Viral replication occurs in a transitional

zone between the swollen vacuolated stratum intermedium and the compacted periphery as evidenced

by eosinophilic cytoplasmic inclusion bodies visible on light microscopy and enveloped dumbbell-

shaped virions on electron microscopy (Geraci et al. 1979, Flom and Houk 1979). In more chronic

lesions, there is focal pitting and disruption of the surface layer allowing entry of bacteria and other

opportunists  (Geraci  et  al.  1979).  The  etiologic  agents  are  poxviruses  of  the  subfamily

Chordopoxvirinae, tentatively  classified  into  the  genus  Cetaceanpoxvirus,  that  is  still  awaiting

acceptance (King et al.  2012). Cetacean poxviruses (CPVs) are genetically and antigenically more

closely related to the orthopoxviruses than to the parapoxviruses (Bracht et al. 2006, Van Bressem et

al. 2006, Blacklaws et al. 2013, Barnett et al. 2015, Fiorito et al. 2015). TSD is generally not a life-

threatening disease (Geraci et al. 1979, Flom and Houk 1979, Smith et al. 1983). However, though its

histological  features  and epidemiological  pattern have been thoroughly investigated  (Geraci  et  al.

1979, Flom and Houk 1979, Smith et al. 1983, Van Bressem and Van Waerebeek 1996, Van Bressem

et al. 2003, 2009), its pathogenesis remains poorly understood. 

In free-ranging Peruvian dusky dolphins (Lagenorhynchus obscurus), common dolphins (Delphinus

capensis and D. delphis), T. truncatus and Hector’s dolphins (Cephalorhynchus hectori hectori) TSD

prevalence  levels  varied  significantly  with  age,  being  higher in  juveniles  compared  to  calves,

attributed to the progressive loss of maternal immunity (Van Bressem and Van Waerebeek 1996, Van

Bressem et al. 2009). Juveniles also had a higher probability of suffering TSD than adults, presumably

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

3

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted January 24, 2017. ; https://doi.org/10.1101/101915doi: bioRxiv preprint 

https://doi.org/10.1101/101915


4
Van Bressem

because more adults had acquired active immunity following infection.  A worldwide study of 1392

free-ranging  odontocetes,  comprising  17  species  suggested  that  the epidemiological  pattern  and

severity of TSD are indicators of population health (Van Bressem et al. 2009). In captive common

bottlenose  dolphins  environmental  conditions  and  general  health  may  influence  TSD expression,

persistence and recurrence (Geraci et al. 1979, Smith et al. 1983). 

Recent  reports  of  severe  and persistent  TSD in captive  dolphins  in  popular  media  prompted  this

investigation  using  methodology  designed  to  document  dermatitis  in  free-ranging  dolphins  (Van

Bressem et al. 2003, Sanino et al. 2014). Here we report the clinical presentation and epidemiology of

TSD in captive common bottlenose dophins at several facilities in the northern hemisphere.

 

MATERIAL AND METHODS

Dolphins 

High  quality images  of  146 female  and 111 male  bottlenose dolphins  held in 31  dolphinaria and

marine parks in the USA (n= 18; F1-F18) and Europe (n= 13; F19-F31) from 2008 to 2014 were

examined  for  the  presence  of  TSD (Table  1).  Images  and biological  data  for  each  dolphin  were

initially retrieved from the Ceta-Base inventory (http://www.ceta-base.org), in agreement with the data

holders.  Additional  photographs  of  the  dolphins  published  on  Flickr  were  also  checked  for  the

presence of tattoo skin lesions (often abbreviated as ‘tattoos’). Dolphins were classified into three age

categories (0-3; 4-8; over 9 years),  approximating the life stages of ‘calves and young juveniles’,

‘juveniles and sub-adults’ and ‘adults’, respectively (Read et al. 1993). 

Codes used for facilities are: F1, Baltimore National Aquarium, MD; F2, Brookfield Zoo,  IL; F3, Clear Water,

FL;  F4, Dolphin Cove/Dolphin Plus Bayside,   FL;  F5,  Dolphin Plus/  Island dolphin care,  FL;  F6, Dolphin

Research  Center,  FL;  F7,  Gulf  World  Marine  Park,  FL;  F8,  Gulfarium,  Marine  Adventure  Park,  FL;  F9,

Indianapolis Zoo, IN; F10, Institute for Marine Mammal Studies, MS; F11, Miami Seaquarium, FL; F12, Sea

World San Antonio,  TX; F13,  Six Flags  Discovery Kingdom, CA; F14,  Texas State Aquarium,  TX; F15,

Discovery Cove, FL; F16 Mirage Dolphin Habitat, NV; F17, SeaWorld Orlando,  FL; F18, SeaWorld San Diego,

CA; F19, Acquario di Genova, Italy; F20, Boudewijn Park, Belgium; F21, Loro Parque, Spain; F22, Marineland

Antibes, France; F23, OltreMare,  Italy; F24, Selwo Marina, Spain; F25, Tampereen Sarkanniemi, Finland; F26,

Tiergarten  Nurnberg,  Germany;  F27,  Zoo  Aquarium  de  Madrid,  Spain;  F28,  Parc  Astérix,  France;  F29,

Kolmardern Djupark and Zoo, Sweden; F30, Dolfinarium Harderwijk, The Netherlands;  F31, Zoo Duisburg,

Germany.

Tattoo skin disease

Tattoos were identified on the basis of their macroscopic appearance, i.e. irregular, dark grey to black,

cutaneous  lesions  with  a  stippled  pattern.  They  were  previously  shown  to  be  associated  with

poxviruses in free-living and captive  T. truncatus by electron microscopy and/or polymerase chain
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reaction (Geraci et al. 1979, Flom and Houk, 1979, Van Bressem and Van Waerebeek 1996, Bracht et

al. 2006).  We calibrated lesion size relative to the maximum diameter of the dolphin’s eye (cornea)

and height of its dorsal fin. ‘Small’ lesions (< 15 mm) corresponded to affected areas smaller than half

of the corneal diameter; ‘medium-sized’ lesions (15-50 mm) had a diameter less than twice the corneal

diameter, ‘large’ tattoos (51-115 mm) measured more than twice the corneal diameter and up to ½

dorsal fin height (Cartee et al. 1995, Sanino et al. 2014, Van Bressem et al. 2015). ‘Very large’ tattoos

measured at least ½ dorsal fin height (> 115 mm). The age at first detection, the topography and the

number of lesions were also examined. The minimal duration of the disease was examined using serial

images of 30 positive dolphins taken in the period 2008 to 2014. We calculated TSD prevalence levels

in the different  facilities for the period 2012 to 2014 and examined the influence of sex and age

categories on prevalence. Statistical significance of differences in prevalence (α = 0.05) was verified

with chi-square tests. 

RESULTS

Characteristics of TSD in captive dolphins

Tattoos were typical in all affected dolphins and were often associated with tooth rakes inflicted by

conspecifics (Fig. 1).  They were mostly distributed on the head, throat, flanks and back (Fig. 1) and

ranged in number from one to more than 20 on the visible body parts.  Hence these are minimum

numbers. Tattoo size varied from small (5 mm) to very large (> 750 mm) (Fig. 1). The very large

lesions were found in 10 males and two females ranging in age between 9 and 29 years (Fig. 2) and

housed in the USA and in Europe (Table 1), respectively. Minimal TSD persistence varied between 4

and 65 months (mean= 32.8; SD= 21.0) in 30 dolphins and was over 22 months in those with very

large lesions (Fig. 3). The youngest dolphins with TSD were 14 and 15 months old females born in the

Netherlands in 2013. These calves had very few tattoos that varied in size from small to medium and

in one calf they persisted for at least 4 months. 

Epidemiology of TSD in captive dolphins

In 2012-2014, 53 of 257 (20.6%) T. truncatus held in 31 marine parks in the USA and Europe had

active TSD (Table 1). Six facilities were affected in the USA, and four in Europe (Table 1). Clinical

TSD prevalence varied significantly (2= 15.05, df= 4, p= 0.005) between facilities with 10 or more

dolphins, from 5.6% (n= 18, F13) up to 60% (n= 20, F17) (Table 1).  TSD affected 18 females and 35

males (Table 1). Prevalence was significantly (2= 14.2, df= 1, p < 0.001) higher in males (31.5%, n=

111) than in females (12.3%, n= 146).  
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Figure 1. (a) Small and medium tattoos (arrows) with diagnostic stippled pattern on the head of a two year old male kept in
captivity in The Netherlands, February 2014 © Robin de Vries. (b) Medium and large tattoos (arrows) on the head of a 5 year
old male kept in San Diego, USA, May 2012. Various tattoos are topically associated with toothrakes (arrows) © Erin. (c)
Very large tattoo lesions (arrows) on the back and head of an 11 year old male housed in Las Vegas, USA, August 2014 ©
Free the Mojave Dolphins.

Figure 2. Variation in  median  maximum tattoo size  (in  mm) with  age  (in  years)  for  35 male  and 18 female  common
bottlenose dolphins in facilities in the USA and Europe. Sample sizes for each age/sex class ranged n=1-4. 
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Tattoo prevalence varied with age categories in females, being the highest (23.1%) in the 4 to 8 year

old (Fig. 4). However, this variation was not statistically significant (2= 3.4, df= 2, p = 0.18). In

males, prevalence levels were high (above 25%) in all three age categories (Fig. 4). 

 

Table 1. Prevalence (Prev) of tattoo skin disease in captive common bottlenose dolphin communities held in facilities in the
Northern  Hemisphere.  Nt=  total  number  of  dolphins  for  which  high  quality  images  were  available.  Npos=  number  of
dolphins positive for tattoo skin lesions. Affected facilities are indicated in italics. Symbol * indicates the presence of very
large tattoo skin lesions in dolphins housed at these facilities. Code of each facility is provided in the Material and Methods.

Among affected dolphins prevalence of very large tattoos was higher in males (28.6%, n= 35) than in

females (11.1%, n= 18), though not significantly so (2= 2.08, df= 1, p= 0.15). Prevalence of very

large lesions varied in three facilities that housed more than 10 TSD-positive dolphins. It reached 50%

in F17 (n= 12) and 16.7% in F18 (n= 12), but was zero in F30 (n= 17). 
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Figure 3.  Median minimal duration of TSD in 30 captive bottlenose dolphins at facilities in the USA and Europe. Sample
sizes for each age/sex ranged n=1-3. 

Figure 4. Variation  in  tattoo  skin  disease prevalence  among age  categories  in  male  and  female  bottlenose dolphins  at
facilities in the USA and Europe. Age categories are: 0-3 years, 4-8 years, and older than 9 years.

DISCUSSION 

We applied techniques used to document TSD in free-ranging dolphins to study the epidemiology of

infection in 257 captive common bottlenose dolphins in facilities in the Northern Hemisphere. This

approach was previously validated by the authors by comparing electron microscopy and molecular

diagnostic data with clinical presentation (Van Bressem et al. 1993, Van Bressem and Van Waerebeek

1996, Duignan 2000, Blacklaws et al. 2013). The disease was detected in 10 facilities in the USA and

Europe with prevalence levels varying between 5.6% and 60% in the period 2012 to 2014 (Table 1).

Differences in prevalence may reflect variation in environmental conditions, such as housing, water

treatment  methodology,  crowding,  noise,  confinement,  excessive or  insufficient  sun exposure  and

presence of aggressive individuals (Geraci et al. 1979, Dierauf 1990, Waples and Gales 2002, Fair et

al. 2014) and/or the circulation of different strains of cetacean poxviruses with variable virulence in
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the  affected  facilities.  By comparison,  in  three  free-ranging  T.  truncatus  communities  prevalence

levels varied between 4.5% (Strait of Gibraltar, Spain, n= 334), 5.1% (Southeast Pacific Ocean, Peru,

n= 79) and  21.9% (Sado Estuary, Portugal, n= 32) (Van Bressem et al. 2003,  Jiménez-Torres et al.

2013).  The  dolphins  residing  in  the  Sado  Estuary  are  regarded  as  a  community  under  chronic

physiological stress due to severe environmental degradation and high PCB exposure (Augusto et al.

2012, Jepson et al. 2016). 

The earliest TSD infection among captive  T. truncatus was detected in calves between 14 and 15

months old. Younger dolphins may still be protected by maternal immunity, as proposed to explain the

significant  age-related  variation  in  prevalence  encountered  in  several  species  of  free-ranging

odontocetes (Van Bressem and Van Waerebeek 1996, Van Bressem et al. 2009). Tattoo lesions were

often associated with tooth rakes, suggesting that the virus could either be transmitted directly by

bites, or that a damaged epidermis may facilitate infection.  TSD persisted months and even years in

some individuals and the lesions progressively grew to very large size. This pattern is consistent with

cetacean poxviruses having developed  immune evasion strategies, as reported for other poxviruses

(Yousif  and  Al-Naeem 2012,  Shisler  2015).  This  would  favor  viral  persistence  in  marine  parks.

Further investigations on the pathogenesis of TSD in captive dolphins are clearly necessary. 

Very large lesions were found in 10 males and two females between 9 and 29 year old, at six facilities

(Table 1).  In all cases the very large tattoos were observed in dolphins that had shown clinical TSD

for more than 22 months. Prevalence of such unusual lesions was high among TSD positive dolphins

kept at F17 (50%, n= 12) and F18  (16.7%, n= 12). Overall TSD prevalence was also high in these

facilities (Table 1), suggesting environmental and/or social conditions that favor TSD occurrence and

persistence. In free-ranging T. truncatus very large tattoos were observed only in a small community

of dolphins in the Sado Estuary under chronic physiological stress (Van Bressem et al. 2003, Augusto

et al. 2012, Jepson et al. 2016). Very large tattoos may be confused with infarctive epidermal necrosis

caused by E. rhusiopathiae (Geraci et al. 1966, Dunn et al. 2001, Melero et al. 2011). However, the

dermatitis of erysipelosis lacks the characteristic stippled pattern of tattoos, have a rhomboid, square

or rectangular shape (cf. 'diamond skin disease') and run a very different clinical course, potentially

leading to septicemia and death without antibiotic treatment (Dunn et al. 2001). Besides, erysipelosis

is  generally  an  historic  disease  of  captive  dolphins,  since  most  facilities  have  eliminated  clinical

disease through vaccination (Lacave et al. 2001). TSD is a progressive, persistent disease in captive

dolphins  with  no  documented  associated  mortality,  but  also  no  reported  treatment.  There  is  no

evidence of  zoonotic  transmission of  TSD  (Van Bressem et  al.  2009).  However, considering that

several animal poxviruses can cause diseases in humans (Hicks and Worthy 1987, Haller et al. 2014),
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it would be sensible to take protective measures when handling TSD infected cetaceans and avoid all

contact with delphinarium visitors.     

In  this  study TSD prevalence  was  found to  be  2.5  times  higher  in  males  than  in  females.  This

epidemiological  pattern departs  from that  observed in free-ranging Delphinidae where there is  no

gender  bias (Van  Bressem and Van  Waerebeek 1996,  Van  Bressem et  al.  2009).  In  the  captive

females, prevalence varied with age category, being the highest in individuals between 4 and 8 years

old. Similarly, in free-ranging Delphinidae the highest TSD prevalence levels occurred in juveniles

(Van Bressem and Van Waerebeek 1996, Van Bressem et al. 2003, 2009). However, among males

prevalence was high in all age classes. Males were also more likely to develop very large tattoo lesions

than females though not significantly so. These data suggest that captive male T. truncatus are more

vulnerable to TSD than females, possibly because of differences in immune response, because males

are  under  greater  social  stress  from  conspecifics  than  females and  because  they  may  be  more

vulnerable  to  captivity-related  stresses  (husbandry,  water  quality,  confinement). Excessive  sun

exposure has also long been recognized as an environmental  stressor in captive dolphins (Dierauf

1990)  and  mitochondrial  DNA  damage  associated  with  UV–induced  microscopic  lesions  and

apoptosis has recently been recently documented in three whale species (Bowman et al. 2013).  Sexual

maturation, reproduction and seasonal changes in testosterone can lead to increased stress levels in

males through competition and aggression for access to females (Ridgway 1972, Connor and Smolker

1995,  Waples and Gales 2002,  Yamamoto et  al.  2015).  Numerous stress-related diseases,  such as

ulcerative gastritis, perforating ulcer, cardiogenic shock and psychogenic shock have been reported in

captive cetaceans (Marino and Frohoff 2011). Interestingly, male T. truncatus kept in captivity in the

USA and Portugal were also significantly more likely to be papillomavirus seropositive than females,

while seroprevalence was not sex-dependent in dolphins free-ranging in Florida and South Carolina

(Rehtanz et al. 2010). 

Infection with cetacean poxvirus has long been recognized in facilities housing captive dolphins and

there are many hypotheses  regarding the transmission and maintenance of infection (Geraci  et al.

1979,  Flom and Houk 1979,  Smith  et  al.  1983).  Poxviruses  likely circulate  between facilities,  as

dolphins are regularly transferred from one aquarium to another. This procedure logically increases the

risk of transmission between facilities and favors a broader geographic distribution of poxviruses and

other pathogens in captive dolphins. Furthermore, shipment of dolphins between  facilities is a very

stressful event that may lead to alterations of the neuroendocrine response and to immune response

impairment  (Noda et  al.  2007, Spoon and Romano 2012) and thus increase disease susceptibility.

Combined,  these  data  suggest  that  a  high  TSD  prevalence  together  with  a  significantly  higher
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occurrence in males than in females and the presence of very large tattoos, may be an indicator of

chronic stress in captive bottlenose dolphins. 

 

CONCLUSIONS

1. Tattoo skin disease occurs  at  varying  prevalence levels  between facilities  holding captive

common bottlenose dolphin groups, the reason(s) for which should be further investigated.  

2. TSD may persist for months and even years, and some dolphins, especially males, develop

very large tattoos over time. The role of specific captive environmental conditions (husbandry,

crowding, social structure, light intensity, etc.) should be studied as potentially contributing

factors. 

3. The  cetacean  poxviruses  circulating  in  captive  dolphins  need  to  be  characterized  and

compared with those infecting free-ranging populations. Though these viruses are not known

to  cause  clinical  disease  in  humans  (Van Bressem et  al.  2009),  contacts  between marine

mammal park visitors and infected dolphins should be avoided.

4. Captive male T. truncatus have a significantly higher TSD prevalence than females with high

prevalence levels in all age categories, and are more frequently affected by very large tattoos.

Males may be more vulnerable to environmental and social stresses than females. Assessment

of behavior, improvement of environmental quality and maintenance of appropriate groupings

of age and sex classes should be attempted to reduce physiological and social stresses. 

Acknowledgements

We kindly thank Ceta-Base for giving us permission to use their database and providing additional

information and contacts, Robin de Vries, ‘Free the Mojave Dolphin’  and Erin for allowing us to use

their images and the many photographers on Flickr for posting photos with basic information on the

dolphins. MFB thanks the Cetacean Society International (CSI) for sponsorship. 

LITERATURE CITED

Augusto  JF,  Rachinas-Lopes  P,  dos  Santos  ME.  2012.  Social  structure  of  the  declining  resident

community of common bottlenose dolphins in the Sado Estuary, Portugal. J Mar Biol Assoc U.K. 92:

1773–1782. 

Blacklaws BA, Gajda AM, Tippelt S et al. 2013. Molecular characterization of poxviruses associated

with  tattoo  skin  lesions  in  UK cetaceans.  PLOS ONE,  8  (8),  e71734.  doi:  10.1371/journal.pone.

0071734. eCollection 2013.

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

11

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted January 24, 2017. ; https://doi.org/10.1101/101915doi: bioRxiv preprint 

https://doi.org/10.1101/101915


12
Van Bressem

Barnett  J,  Dastjerdi  A,  Davison  N  et  al.  2015.  Identification  of  Novel  Cetacean  Poxviruses  in

Cetaceans  Stranded  in  South  West  England.  PLoS  One.  5;  10(6):e0124315.  doi:

10.1371/journal.pone.0124315. ECollection 2015.

Bowman A, Martinez–Levasseur LM, Acevedo–Whitehouse K, Gendron D, Birch-Machin MA (2013)

The simultaneous detection of mitochondrial DNA damage from sun–exposed skin of three whale

species and its association with UV– induced microscopic lesions and apoptosis. Mitochondrion 13:

342–349.

Bracht AJ, Brudek RL, Ewing RY et al. 2006. Genetic identification of novel poxviruses of cetaceans

and pinnipeds. Arch Virol 151: 423–438. 

Cartee RE, Brosemer K, Ridgway SH. 1995. The Eye of the Bottlenose Dolphin (Tursiops truncatus)

Evaluated by B Mode Ultrasonography. J Zoo Wildl Med 26: 414-421. 

Connor RC, Smolker RA. 1995. Seasonal changes in the stability of male- male bonds in

Indian Ocean bottlenose dolphins (Tursiops sp). Aquat Mamm 21:213-216.

Dierauf LA. 1990. Stress in marine mammals: CRC Handbook of Marine Mammal Medicine. Boca

Raton, FL: CRC Press. pp. 295–301. 

Dunn JL, Buck JD, Robeck TR. 2001. Bacterial diseases of cetaceans and pinnipeds. In: Dierauf LA,

Gulland FMD, editors. Handbook of marine mammal medicine: health, disease and rehabilitation, 2nd

Edition, Boca Raton, FL, CRC Press. P 312−319.

Duignan PJ. 2000. Diseases in New Zealand sea mammals. Surveillance 27: 9-15.

Fair PA., Bossart GD, Reif J, Schaefer A, Janz D, Romano T, Dove A, Styczynski M, Houser DS,

Champagne  C.  2014.  Pathophysiology of  Stress  in  Wild  and Managed-Care  Bottlenose  Dolphins

(Tursiops  truncatus).  Final  report  of  the  National  Oceanic  and  Atmospheric  Administration  and

Charleston  SC  Center  for  Coastal  Environmental  Health  and  Biomolecular  Research. Accession

Number: ADA616389, pp 46.

Fiorito C, Palacios C, Golemba M et al. 2015. Identification, molecular and phylogenetic analysis of

poxvirus in skin lesions of southern right whale.  Dis Aquat Organ.  116: 157-163. 

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

12

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted January 24, 2017. ; https://doi.org/10.1101/101915doi: bioRxiv preprint 

https://doi.org/10.1101/101915


13
Van Bressem

Flom  JO,  Houk  EJ.  1979.  Morphologic  evidence  of  poxvirus  in  ‘tattoo’  lesions  from  captive

bottlenosed dolphins. J Wildl Dis 15: 593–596

Geraci JR, Sauer RM, Medway W. 1966. Erysipelas in dolphins. Am J Vet Res 27: 597−606.

Geraci JR, Hicks BD, St Aubin DJ. 1979. Dolphin pox: a skin disease of cetaceans. Can J Comp Med

43: 399–404. 

Haller SL, Peng C, McFadden G, Rothenburg S. 2014. Poxviruses and the evolution of host range and

virulence. Infect Genet Evol. 2014 Jan;21:15-40. doi: 10.1016/j.meegid.2013.10.014.

Hicks BD, Worthy.  1987. Sealpox in captive grey seals (Halichoerus grypus) and their handlers. J

Wildlife Dis 23: 1-6.

Jepson PD, Deaville R, Barber JL et al. 2016. PCB pollution continues to impact populations of orcas

and other dolphins in European waters. Sci Rep. 6: 6:18573. doi: 10.1038/srep18573. 

Jiménez-Torres C, Verborgh P, de Stephanis R et al. 2013. A visual health assessment of a resident

community of bottlenose dolphins in the Strait  of Gibraltar.  27th conference of the ECS, Setubal,

Portugal, 8-10 April 2013.

King,  AMQ,  Lefkowitz  E,  Adams,  MJ,  Carsten  EB.  2012.  Ninth  Report  of  the  International

Committee on Taxonomy of Viruses. Elsevier Academic Press, San Diego, USA, pp1326.

Lacave G, Cox E, Hermans J, Devriese L, Goddeeris BM. 2001. Induction of cross-protection in mice

against dolphin Erysipelothrix rhusiopathiae isolates with a swine commercial vaccine. Vet Microbiol.

6: 247-253. 

Marino L, Frohoff T. 2011. Towards a new paradigm of non-captive research on cetacean cognition.

PLoS One. 2011;6(9):e24121. doi: 10.1371/journal.pone.0024121. 

Melero M, Rubio-Guerri C, Crespo JL et al. 2011. First case of erysipelas in a free-ranging bottlenose

dolphin (Tursiops truncatus) stranded in the Mediterranean Sea. Dis Aquat Organ. 97: 167-170. doi:

10.3354/dao02412. 

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

13

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted January 24, 2017. ; https://doi.org/10.1101/101915doi: bioRxiv preprint 

https://doi.org/10.1101/101915


14
Van Bressem

Noda K, Akiyoshi  H,  Aoki  M, Shimada  T,  Ohashi  F.  2007.  Relationship between Transportation

Stress and Polymorphonuclear Cell Functions of Bottlenose Dolphins, Tursiops truncatus. J Vet Med

Sci 69: 379-383. 

Read AJ,  Wells  RS,  Hohn AA, Scott  MD. 1993.  Patterns of growth in wild bottlenose dolphins,

Tursiops truncatus. J Zool 231:107–123.

Ridgway SH. 1972. Homeostasis in the aquatic environment. In: Ridgway SH, editor. Mammals of the

sea: biology and medicine. Springfield: Charles C. Thomas. p 590-747.

Rehtanz  M,  Ghim S-J,  McFee  W.  2010.  Papillomavirus  antibody prevalence  in  free-ranging  and

captive bottlenose dolphins (Tursiops truncatus). J Wildl Dis 46: 136–145.

Sanino GP, Van Bressem M-F, Van Waerebeek K, Pozo N. 2014. Skin disorders of coastal dolphins at

Añihue Reserve, Chilean Patagonia: a matter of concern. Bol Museo Nat Hist Nat, Chile 63: 127-158. 

Shiler JL. 2015.  Immune Evasion Strategies of Molluscum Contagiosum Virus. Adv Virus Res 92:

201-252.

Smith AW, Skilling DE, Ridgway SH. 1983. Calicivirus induced vesicular disease in cetaceans and

probable interspecies transmission. JAVMA 11: 1223–1225

Spoon  TR,  Romano  TA.  2012.  Neuroimmunological  response  of  beluga  whales  (Delphinapterus

leucas) to translocation and a novel social environment. Brain Behav Immun. 26: 122-123.

Sweeney JC, Ridgway SH. 1975. Common diseases of small cetaceans. JAVMA 167: 533-40. 

Van Bressem M-F, Van Waerebeek K. 1996. Epidemiology of pox virus in small cetaceans from the

eastern South Pacific. Mar Mamm Sci 12: 371–382.

Van Bressem M-F,  Gaspar R,  Aznar  FJ.  2003.  Epidemiology of  tattoo skin disease in bottlenose

dolphins Tursiops truncatus from the Sado estuary, Portugal. Dis Aquat Org 56: 171–179.

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

14

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted January 24, 2017. ; https://doi.org/10.1101/101915doi: bioRxiv preprint 

https://doi.org/10.1101/101915


15
Van Bressem

Van Bressem MF, Van Waerebeek K, Reyes JC, Dekegel D, Pastoret PP. 1993. Evidence of poxvirus

in dusky dolphin (Lagenorhynchus obscurus) and Burmeister’s porpoise (Phocoena spinipinnis) from

coastal Peru. J Wildl Dis 29: 109–113. 

Van Bressem M-F, Van Waerebeek K, Bennett M. 2006. Orthopoxvirus neutralising antibodies in

small cetaceans from the Southeast Pacific. Latin Am J Aquat Mamm 5: 49–54.

Van Bressem M-F, Van Waerebeek K, Aznar FJ et al. 2009. Epidemiological pattern of tattoo skin

disease: a potential general health indicator for cetaceans. Dis Aquat Organ 85: 225–237.

Van Bressem M-F,  Flach L, Reyes JC et al.  2015. Epidemiological characteristics of skin disorders in

cetaceans from South American waters. Latin Am J Aquat Mamm 10: 20-32.

Waples KA, Gales NJ. 2002. Evaluating and minimising social stress in the care of captive bottlenose

dolphins (Tursiops aduncus). Zoo Biol 21: 5-26.

Yamamoto C, Morisaka T, Furuta K et al. 2015. Post-conflict affiliation as conflict management in

captive bottlenose dolphins (Tursiops truncatus) Sci Rep 5: 14275. doi: 10.1038/srep14275. 

Yousif AA, Al-Naeem AA. 2012. Recovery and molecular characterization of live Camelpox virus

from skin 12 months after onset of clinical signs reveals possible mechanism of virus persistence in

herds. Vet Microbiol 159: 320-326.

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

15

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted January 24, 2017. ; https://doi.org/10.1101/101915doi: bioRxiv preprint 

https://doi.org/10.1101/101915

	Abstract
	Noda K, Akiyoshi H, Aoki M, Shimada T, Ohashi F. 2007. Relationship between Transportation Stress and Polymorphonuclear Cell Functions of Bottlenose Dolphins, Tursiops truncatus. J Vet Med Sci 69: 379-383.
	Shiler JL. 2015. Immune Evasion Strategies of Molluscum Contagiosum Virus. Adv Virus Res 92: 201-252.

