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Pappas G, Papdimitriou P, Akritidis N, Christou L, Tsianos EV.

The new global map of human brucellosis. 

Lancet Infect Dis 2006;6:91-99.

« Brucellosis is the most 
common bacterial zoonosis, with 
over 500 000 new cases globally 

every year»

The source of infection is almost always to be found in 
the animal reservoir



Animal brucellosis in the Arctic



Symptoms in chronic brucellosis – wildlife

Brucella suis…

biovar 4 



Symptoms in chronic brucellosis – wildlife

Brucella suis…

biovar 4 

Picture: Kimberlee Beckmen

Sagittal section. Right metacarpus



Brucella ceti

Foster et al., 2002, Gonzalez et al., 2002; Dagleish et al., 2007 

Picture: Foster. Testicular
abscess, harbour porpoise.

Symptoms in chronic brucellosis – wildlife



Brucella suis biovar 4: Confirmed

Marine mammal brucellae:

Not described (yet?)

Human brucellosis in the Arctic







Brucella spp. in Marine Mammals



Atlantic bottlenose dolphin
Atlantic white-sided dolphin
Common dolphin
Harbour porpoise
Hector's dolphin 
Striped dolphin
Killer whale
Minke whale
Beluga whale
Bearded seal
Grey seal
Harbour seal
Harp seal
Hooded seal
Ringed seal
California sea lion
Northern fur seal

Novel isolation from marine mammals in 1994

Isolated only on the northern hemisphere



Tryland et al. 1999

Ross et al. 1994 
Foster et al. 1996 
Ross et al. 1996
Foster et al. 2002
González et al. 
2002 Watson 2003
Dagleish et al. 2007
Dagleish et al. 2008

Ewalt et al. 1994 
Miller et al. 1999 
Smith et al. 2012
Cassle et al. 2013

Perrett et al. 2004 
Dawson et al. 2006 
Dawson et al. 2008
Davison et al. 2009
Davison et al. 2011 

Garner et al. 1997; Gaydos et al. 2007

Forbes et al. 2000

Prenger-Beringhoff et al. 2008; Jauniaux et al. 2010

Munoz et al. 2006
Maratea et al. 
2003

Tryland et al. 2005
Nymo et al. 2013

Goldstein et al. 
2009

Raverty et al. 2002

Alba et al. 
2013

Sohn et al. 
2003

McDonald et al. 
2006

McDonald et al. 2006, Sohn et al. 2003:

- Masses in brain and vertebrae

- All three patents had been in contact with raw products from the sea. No contact with marine 
mammals.

- ST27 (Previously isolated from an aborted bottlenose dolphin and placentas from aborting California 
sea lions)

Brew et al. 1999:

- Laboratory acquired infection in the UK

- ST23 (Previously isolated from porpoises)

Cloeckaert et al. 2011.  Whatmore et al. 2008. Whatmore et al. 2007. McDonald et al. 2006. Sohn et al. 2003. Brew et al. 1999. Ewalt et al. 1994. 

Isolation of marine mammal brucellae from humans



Brucellosis!

Brucella infections in cetaceans



Brucellosis in cetaceans - Strandings



Brucellosis?

Brucella infections in True Seals



Brucellosis in hooded seal (?) 

Or
Brucella infection !



- The Northwest 
Atlantic population

- Increased since 
the 1980s

- Estimated 
population size in 
2005: 593 500 

ICES 2011. Øigård et al. 2010. Andersen et al. 2009. Salberg et al. 2008. Coltman et al. 2007. Kovacs  2002. Folkow et al. 1996. Hammill et al. 1993. Sergeant 1974. 
Rasmussen 1957. 

- The Northeast 
Atlantic population

- Estimated 
population size 
prior to 1940;        
575 000 

- Estimated 
population size in 
2011 85 000

Hooded seal populations
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ICES 2011.

Exploitation of the 

Northwest Atlantic population
Exploitation of the 

Northeast Atlantic population

Large difference in harvest between the two populations

Sealing - Harvest of hooded seals



- The Northwest 
Atlantic population

- The Northeast 
Atlantic population

Does Brucella infection 
contribute to the 

Northeast population 
crash?

Seroprevalence
5 % (n = 10/204)

Seroprevalence
- 35 % (n = 38/137) 
- 31 % (n = 9/29)

Bohlin et al., 2010

Bacteriology

- 38 % (n = 11/29) 

B. pinnipedialis in hooded seal
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Sampling from the declining 
Northeast Atlantic 
population

Sampling from the increasing 
Northwest Atlantic 
population

- Age:

- Pups: 2.5 %

- Yearlings: 35.3 %

- The mean probability of being 
seropositive decreased with age 
for hooded seals > one year

- All seropositive ≥ one year were 
1-5 years old

- No relation between Brucella-
serostatus in pups or yearlings and 
weight, length or dorsal blubber 
thickness 

- No relation between Brucella-
serostatus and the presence of 
corpus luteum or corpus albicans, 
or the number of corpus albicans

- Isolation has never been achieved 
from a hooded seal > 18 months

Seroprevalence in hooded seal



The hallmark of brucellosis is chronicity

Assessed in gentamycine protection assays in 
macrophages

Are hooded seals the preferred
hosts for B. pinnipedialis HS?



Alveolar macrophages, hooded seal

BAL performed on sacrificed hooded seals, 1 – 3 h post 
mortem
Alveolar macrophages identified by:

• Culture morphology
• Expression of membrane markers assessed by

flow cytometry and immuncytochemistry
CD14
CD18
(MHC II, CD11c)

• Phagocytosis



Alveolar macrophages, hooded seal

Alveolar macrophages



Seals are not the preferred host for B. pinnipedialis, but 
rather a “dead-end” or spillover host being susceptible to 

infection derived from other sources in the marine 
environment 

Conclusions



Reservoir in 

the marine 

environment



In experimental challenge, Atlantic Cod (Gadus morhua) 
can sustain a B. pinnipedialis infection



Brucella infections in 
True and Eared Seals

in North America





ST25





• The majority of isolates represent genotypes previously described in Europe 
although novel genotypes were identified in both B. ceti clades.

• Harp seals were found to carry B. pinnipedialis genotypes previously confined 
to hooded seals.

• Isolates were characterized from beluga whales and found to represent a 
number of distinct B. pinnipedialis genotypes.

• The known host range of ST27 was extended with the identification of this ST 
from California sea lion samples.

PLoS ONE 2017.12(9): e0184758. https://doi.org/10.1371/journal.pone.0184758



• In eared seals, Brucella antibodies were found in two Steller sea lions 
(Eumetopias jubatus) (2%) and none of the 107 Northern fur seals (Callorhinus
ursinus).
▪ The low seroprevalence in eared seals indicate a low level of exposure or lack of susceptibility to 

infection. Alternatively, mortality due to the Brucella infection may remove seropositive animals 
from the population.

• Brucella antibodies were detected in all true seal species investigated; harbor
seals (Phoca vitulina) (25%), spotted seals (Phoca largha) (19%), ribbon seals
(Histriophoca fasciata) (16%), and ringed seals (Pusa hispida hispida) (14%).

• There was a low seroprevalence among pups, a higher seroprevalence among 
juveniles, and a subsequent decreasing probability of seropositivity with age in 
harbor seals.



Tryland M., Derocher A. E., Wijg O., Godfroid J.,
2001. Brucella antibodies in polar bears (Ursus
maritimus) from Svalbard and the Barents sea.
Journal of Wildlife Disease, 37: 523-531.

Transmission of Brucella spp. to polar bears



2016 WDA Conference

Cornell University, Ithaca, USA

Results:

Bears are exposed to 
B. suis biovar 4 
or 
marine mammal brucellae



Thank you for your
attention

« Nothing is
permanent,

but change… »


