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This report summarizes work completed in accordance with GRRôs 2009 purchase order 

NO. AB133FO9SE4234, and a four year study, the second through fourth years of which 

were partially funded through NWFSC, CB Division, Seattle, WA..  Additional funding 

was provided by Global Research & Rescue, a (501) c 3 non-profit organization. 

 

BACKGROUND : 

 

Infectious diseases have the potential to play a role in the decline of threatened wildlife 

populations as well as negatively affect their long-term viability (Gaydos et al., 2004), 

but determining which infectious agents present risks to marine mammals is difficult to 

diagnose (Schroeder et al., 1985, Cates et al., 1986, Fujioka, et al., 1988, Nachtigall,et al., 

1990, Palmer, et al. 1991,).  SRKW are expanding their range as far south at Monterey 

Bay, California (B. Hanson, pers. Comm.) increasing their exposure to greater microbial 

diversity. 
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We hypothesize that the SRKW is at a greater risk of infectious disease due to a 

combination of acute and chronic stressors that have become evident in their natural 

environment.   Chronic and cumulative stressors can reduce immune competence, 

creating killer whales at greater risk of disease due to opportunistic pathogenic 

microorganisms resident in their upper respiratory tract and/or resident in the SML which 

they pass through with each breath they take 

. 

The endangered SRKW (Orcinus orca) are among the highest trophic level integrators of 

ocean conditions in the Puget Sound/Georgia Basin ecosystem, and consequently, they 

can be good indicators of biological integrity and marine environmental quality.  GRR 

research during 2006, 2007, 2008, and 2009, focused on collecting exhaled breath 

samples on Petri dishes containing differential media, as well as proximal sea surface 

microlayer samples, collected using a sterile, Plexiglas, 44 x 30 cm. sheet.  Collected 

samples were cultured for microorganisms and screened by 16sRNA Polymerase Chain 

Reaction (PCR) assays.  This study design served two purposes.  One, results provide the 

first inventory of an important physiological system, the respiratory system of SRKW.   

Marine mammals subjected to stressors frequently develop respiratory diseases (Raverty 

et al, 2007), and exhaled breath is a useful, non-invasive monitoring tool.  Two, the  

SML is an underappreciated ecosystem in current marine mammal research, despite the 

intimate contact of marine mammals with it each time they surface to breath. 

 

An important factor in developing our hypothesis is the chronic exposure of SRKW to the 

three primary stressors in their ecosystem, excess noise, prey reduction, and contam- 

ination, (NMFS 2008 Recovery Plan).   The cumulative effects of those stressors (Shi et 

al. 2004) and exacerbation by exposure to additional acute stressors may predispose them 

to an increased disease risk. An exacerbating factor occurs during commensal surface 

feeding on large Chinook, their preferred prey (Ford et al, 2005), resulting in 

aerosolization of the SML during that highly energetic and exhaled breath mixing 

activity. This feeding behavior in SRKW may be a viable force for proximal pathogen 

distribution from one killer whale to another and should be identified and monitored.  A 

review of post mortem findings documented that sub acute to chronic pneumonia was the 

most common morphologic diagnosis in the SRKW (23/46, 50%). In 14/23, (61%) of 

these necropsied killer whales, the inflammation would have been sufficiently severe to 

account for the proximate cause of death (Raverty et al, 2007).  

 

The air water interface, defined as the SML or bacterioneuston, is 0.1 to 10 microns deep 

(Hardy, J., 1982), easily allowing splashing or windy conditions with concurrent mixing 

of exhaled breath and the SML.  The SML is a major source of microorganisms entering 

the atmosphere from water bodies and its aerosolization is potentially an important long-

distance dispersal mechanism, and may account for observed cosmopolitan distributions 

of some bacteria (Aller, J.Y. et al, 2005). There are pollutant exchanges between sea 

surface waters and ambient air for surfactant fluorescent organic matter and other 

surface-active agents (Cinncinelli  et al., 2001). It is a risk that pathogenic 

microorganisms carried on droplets of water, acting as fomites, could be inhaled by a 

susceptible killer whale. 
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Importance of the SML as a potential source of pathogen exposure and infection in 

susceptible or debilitated hosts in aquatic environments has been demonstrated (Franklin 

et al., 2005, Buck et al., 2006,) and may represent a source of previously unidentified 

microorganisms (Agogue et al., 2005).  Overall, it is clear that the quality of the SML has 

been degraded in coastal regions of the world that have been impacted by human 

development (Hardy and Cleary, 1992, Wurl and Obbard, 2004).  

 

We believe the Puget Sound/Georgia Basin ecosystem, because of its location adjacent to 

several major urban areas, presents an excellent study area.  An example of the 

immediacy of this concern is the report in the Seattle Times by Lynda V. Mapes, that 

about 10 million gallons of raw sewage spilled into Elliott Bay December 14 and 15, 

2009 because of equipment failure at the West Point treatment plant in Magnolia.  

Cryptococcus gattii  has been identified in increasing numbers of dead harbor porpoises 

in the Puget Sound/Georgia Basin since 1999 (Raverty et al., 2003).  Post mortem 

findings from 55 of 111 harbor porpoises dying during an  Unusual Mortality Event 

during 2006-2007, within the Northeastern Pacific region, identified six cases of 

Cryptococcosis (Cryptococcus gattii) including a case of in utero maternofetal 

transmission of Cryptococcus gatii, (S. Raverty, pers. comm, Raverty and Norman, 2008, 

in prep).  The first case of human infection with Cryptococus gattii in Puget Sound was 

reported in Puget Sound (Upton et al. 2007) in a 74 year old patient in February 2006.  

Further genotyping studies will indicate if all cases of C. gattii are the VGIIa Vancouver 

Island emergence major genotype.  It has continued to spread throughout the Pacific NW 

(Datta et al 2009) 

In addition to pathogen exposure, the distribution of antibiotic-resistant microbes is a 

significant health concern.  Antibiotic-resistant organisms have recently been reported 

from bottlenose dolphins off the near shore area of the east coast of the US. (Schaefer et 

al. 2009).  In earlier years of this study, we detected bacteria with single and multiple 

resistance to key medical and veterinary antibiotics, such as Excenel (Schroeder et al. 

2009).  The Public Health Agency of Canada maintains the Canadian Integrated Program 

for Antimicrobial Resistance Surveillance (CIPARS).  This program includes Excenel in 

their screening program due to it being of highest importance for preserving for human 

treatment, (L. Mira, Pers. Comm.).  Many common bacteria have acquired resistance to 

multiple antibiotics, making some infections extraordinarily difficult, if not impossible to 

treat (Roberts, L., and S. Simpson, 2008). 
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MATERIALS AND METHODS:  

 

BREATH SAMPLES:  Following previously established protocol (Schroeder et al. 

2009), 5 Petri dishes (an additional sterile Petri dish was added in mid-2008), were 

clipped to the end of a 25-foot long telescoping aluminum pole, (figure 1). 

 

                                    Figure 1.      

 
The plates (modified to be covered until the time of collection and closed immediately post 

collection) include: two sterile plates with no media, a blood agar plate, a salt enriched 

trypticase soy agar (TSA) plate, and a Sabouraud (SAB) media plate. 

 

After a successful approach, the Petri plates are passed through the exhaled breath plume 

over a surfacing killer whale (figure 2). 

 
Figure  2. 

            
Note that the covers of the Petri Plates are hanging down, attached by tape hinges, just being opened.   

To maintain sample Integrity lids are closed immediately after collection and transfer to the processing 

center aboard the Shelmar. (photos Jeff Foster) 
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A set of plates exposed to ambient air when no killer whales were in view were processed 

as a control.  

 

Breath Collection strategy included approaching a kil ler whale pod or smaller groupings 

of whales that were transiting from one site to another, rather than during feeding or other 

random behaviors.  Sampling was directed at mature males or opportunistic, using our 

2006 model (Raverty, et. al., 2007) and enhanced by close cooperation with the whale 

watching fleet and Center for Whale Research. To insure the sampled whales were  

identified correctly thereby avoiding as much as possible repeat sampling and ensuring 

accurate individual orca record keeping, each killer whale sampled was identified by 

Center for Whale Research personnel, David Ellifrit and/or Dr. Astrid van Ginneken, and 

digitally photographed (Ellifrit et al., 2007). 

 

It is important to note that at no time would the aluminum pole or any part of the 

collection apparatus make contact with the killer whale before, during or after sampling.  

 

Targeted PCR was performed by the Animal Health Centre, Abbotsford, BC,  to screen 

for dolphin and phocid morbillivirus, canine distemper virus, calicivirus, papillomavirus, 

marine mammal-specific Brucella spp, Mycoplasma (Mollicutes), and universal 

herpesvirus.  Sample aliquoits were  inoculated into Mabin Dawby and VERO cells based 

on standard methods and incubated for 3 weeks to assess for viral cytopathic effect.  

 

SEA SURFACE MICROLAYER SAMPLES:  SML samples were collected according to 

2006 and 2007 protocols we developed based on standard methods (Henk, 2004, 

D.Woodruff, personal communication, 2006, Raverty, et. al., 2007). 

 

SML samples were collected at index sites and as close to the killer whale breath 

collection sites as practical, monitored by latitude and longitude way point data (wpt) 

displayed on the vesselôs bridge. (Figure 3.).  Recordings at each sample site also 

included: Air Temperature, SML temperature, depth under sample, distance to nearest 

land form, wind speed, sea state, weather, salinity, and time of sample.  

 

Aliquots of each 500 ml. sample were tested to quantify total and fecal coliforms, 

Salmonella sp., Clostridium sp., Campylobacter sp., Pseudomonas sp., Vibrio sp., and  

yeast and mold  identification, at IG Micromed Environmental Lab, Richmond, BC. 

 

To obtain an unbiased analysis of culturable organisms that were present within the SML 

samples, aliquots of each 500 ml. SML sample were also used to inoculate Luria Broth, 

Luria Broth with 3.5% NaCl, M9 minimal media and M9 minimal media with 3.5%NaCl.  

Cultures were then streaked on respective agar plates and colony PCR performed using 

universal 16s rRNA primers. 

 

BREATH SAMPLING RESULTS:  

 

All killer whales from which samples (n=6) were collected appeared normal in every 

aspect that could be observed including breathing, behavior, condition from rostrum to 
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behind the dorsal fin and location in Puget Sound.  This year some changes in behavior 

were observed before and during sample collection. Addendum 1, lists 2006-2008 results. 

 
 Killer whale breath sample analysis: 

 

J14, Female, DOB, 1974. Staphylococcus aureus, with no antibiotic resistance, and 

fungus, Penicillum sp. 

 

J30, Male, DOB, 1995, no bacteria isolated. Fungi included Penicillium sp. and 

Coniochaeta lignaria. Sampled 2008. 

 

L79, Male, DOB, 1989, two separate samples, 1.  Brevibacterium sp., with no antibiotic 

resistance.  Fungi, Penicillium sp., Alternaria   sp. &  Pleospora herbarum.  2. Bacillus 

barbaricus, with no antibiotic resistance.  Fungi, Penicillium sp. Cladosporium sp. 

 

J28, Female, DOB, 1993, Psychromonas arctica, Vibrio penctencida,  

         Vibrio splendidus.  Fungi, Pencillium sp., Phoma sp. 

 

UI, female and adolescent, to be identified, no bacteria isolated.  

         Fungi, Penicillium sp., Phoma sp., & Ascomycota sp. 

 

Penicillium sp. were present in all of the control samples 

 

 All of the 2009 samples, as with the 2006, 2007 and 2008 breath samples, were also 

tested by PCR for Brucella sp., Influenza Virus, Mollicutes and Morbillivirus.  Added in 

2009 was a PCR test for herpesvirus. All of the test results were  negative except for  the 

beath sample from L53, 2007, positive for Mollicutes PCR in 2008.  

 

An additional twelve killer whales were tracked and approached for breath sampling but 

each attempt was unsuccessful. 

 

The ambient air sample had no bacterial growth, and few fungi, none of significance. 

 

TRANSBOUNDARY RESULTS:     
 

We crossed into Canada waters then back into US waters several time pursuing killer 

whales while operating out of Friday Harbor.    Several attempts to collect breath samples 

from adult male killer whales I37 and I42, in Blackfish Sound were not successful. 

 

 

 

SEA SURFACE MICROLAYER RESULTS:  

 

SML samples, (n=12, 2009) were collected from San Juan waters in 2009.  Figure 3.    
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Figure 3.   2009 SML samples were collected at the 2007-2008 waypoints (figure 1 below) 

 
 

 

All of the samples were negative for Salmonella species. Additional results of 2009 SML 

sampling indicated: Standard Plate Count/CFU/ml ranged from  <1 to 200.  Total 

Coliforms/100mL ranged from  >1 to 6, and  <1 CFU/100ml for Fecal Coliforms and 

Escherichia coli.    

 

Results of PCR of 16S rRNA, Table 1, were consistent with 2006-2008 (Addendum 2).  


