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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.

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.

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).










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)

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 killer 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 vessel’s 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 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.   


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). 

Table 1,  Identification of bacteria from SML  by 16S rRNA PCR  

Year               SML sample #         Bacterium                 Potential                  detected  
                        Date collected                                          human/animal          four years
                                                                                         Pathogen                  ’06-‘09

	2009
	WPT 69, 101, (Sep. 10, 2009) 115, 117, 118 (Sep. 13, 2009)
	Pseudoalteromonas
	
	Yes

	2009
	WPT 69, 103, (Sep. 10, 2009) 117, 118 (Sep. 13, 2009)
	Alteromonas
	
	Yes

	2009
	WPT 92 (Sep. 10, 2009) 
	Bacillus circulans
	Yes
	

	2009
	WPT 101 (Sep. 10, 2009) 
	Bacillus cereus or Bacillus thuringiensis
	Yes
	

	2009
	WPT 101 (Sep. 10, 2009) 118, 119 (Sep. 13, 2009)
	Halomonas or Cobatia
	
	Yes

	2009
	WPT 103 (Sep. 10, 2009) 119 (Sep. 13, 2009)
	Frigoribacterium
	
	

	2009
	WPT 101 (Sep. 10, 2009)
	Arthrobacter
	Yes
	




TRANSBOUNDARY RESULTS:    

SML samples were collected two times from six sample sites while working out of Telegraph Cove, September 14 and 17 (Figure 4- 2.).  One SML sample was collected from Coal Harbor, Vancouver, for comparison.  The sample sites corresponded to the six used and reported on in 2007.  The 2007 map was Figure 2, shown below as Figure 4-2. 

September14, Clostridum sordellii and Clostridium perfringens  were recovered from 1 of 6 samples, (Figure 5)(Table 2), sample location  is at wpt 09d SML-west Blackfish Sound (Figure 5).  Fungi were identified from 4 sample sites, wpt 09e SML- Blackney Pass, wpt 09b-Dong Chong Bay, wpt 09c SML-east Blackfish Sound and wpt 09d SML-west Blackfish Sound (Table 2).

September 17, Clostridium sordelii, Clostridium perfringns, as in the September 14 sample, and Pseudomonas alcaligenes were identified.  This sample was collected at wpt 09b SML-Dong Chong Bay.  Fungi were identified from 3 sample sites, Wpt 09a-outside Telegraph Cove, wpt 09, wpt 09d-west Blackfish Sound, wpt 09b-Dong Chong Bay (Figure 5) and (Table 2). The Coal Harbor, Vancouver, SML sample, September 17,  had no bacteria isolated and 1 fungus, Epicoccum sp., which was also identified in west Blackfish Sound, September 14, (Table 2). Antibiotic sensitivity and PCR were not run. 

            Figure  4-2.   2007 and 2009 way points for Telegraph Cove SML sample collection


               






Table  2.   (4 sections) Results of bacterial and fungal screening of the SML near the San Juans area sites, USA, and Telegraph Cove, BC area sites, 2009.
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End of Table  2.   Sample dates September 10 & 18 are near Friday Harbor, Sample dates September 14 & 17 are near Telegraph Cove, BC

INTERPRETATION OF ANALYSIS:

The 2009 results confirm the utility and validity of the protocols developed by this team.  Results presented in Cameron et al., 2008, definitively establish that PCR techniques can be successfully used to detect pathogen presence in marine mammal populations.  Similar analyses have been conducted on SML water samples and killer whale breath samples in this project with analogous results, and future studies will continue to incorporate
These molecular analyses as a tool to enable pathogen profiling.  The confirmation of findings of Clostridium perfringens and Vibrio sp. is significant from SRKW and public health standpoints, as are repeated findings of antibiotic-resistant bacteria.

Our survey of index SML sites in both the San Juan and Telegraph Cove areas has allowed us to extend our observations temporally and geographically.  In 2009, significant human pathogens were again isolated from SML.  Clostridium perfringens, a toxin-producing bacterium responsible for gastroenteritis and gangrene, was detected at two different sites and timepoints in SML from the Telegraph Cover area.   The presence of viable C. perfringens in SML in all four years demonstrates the ability of this pathogen to persist in marine environments and constitutes a measurable environmental risk factor for killer whales.

Another human pathogen, C. sordellii, was isolated for the first time in 2009.  C. sordellii is a relatively uncommon bacterium, yet it was isolated from SML collected at both San Juan and Telegraph Cove sites.  This bacterium can cause pneumonia, inflammation of the heart, and muscle necrosis, and in humans, it is most frequently associated with maternal perinatal infections.  Again, detection of viable C. sordellii in environmental samples presents a detectable risk for killer whales, and may represent an emerging pathogen of concern for SRKW.

The Vibios detected in whale breath in 2009 were V. pectenicida and V. splendidus; the latter Vibrio had been detected in whale breath in 2007.  Both of these species are well-known shellfish pathogens, causing considerable damage to both natural and cultured stocks.  While neither species is known to cause disease in mammals, V. spendidus is suspected as a reservoir for antibiotic resistance genes (Le Roux et al, 2009).

The most abundant fungi detectected in whale breath in 2009 included species of Alternaria, Hormodendrum (also known as Cladosporidium) and Phoma, and all three genera had been detected in whale breath in previous years.  These genera of fungi are known human allergens, and can cause mycosis of the skin or respiratory tract.  Alternaria can also produce toxins, and it is an opportunistic human pathogen.

Antibiotic- resistance was not observed in any bacterial isolates from the 2009 sample set.  This may be due to fewer breath samples (n=6), but SML sample numbers (n=25) remained steady.  The fact remains, primary or secondary infections or disease caused by pathogenic bacteria, opportunistic bacteria or pathogenic antibiotic resistant bacteria in a susceptible SRKW is of concern.  Additionally, the isolation of antibiotic resistant bacteria within this sampling population for SRKW may pose a potential threat for human health and remains an issue of concern for both human and SRKW health.  

Our hypothesis, 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 is supported by consistent findings of breath samples including antibiotic-resistant  bacteria and SML samples also containing different antibiotic-resistant bacteria. A reasonable conclusion is that there is the risk of disease from an opportunistic pathogen from either the SML or another killer whale.  That   risk is increased in individual killer whales subject to cumulative chronic and acute stressors

Of interest in considering analysis of  SML and SRKW breath samples results as indicators of ecosystem health is significance expressed by Siebert, et al. 2008, reporting differences in bacterial findings and associated lesions between harbor porpoises (Phocena phocena) from different geographical regions,  porpoises from the German North and Baltic Seas and porpoises from Greenlandic, Norwegian and Icelandic waters.  They concluded that differences in mortality and bacterial findings may result from higher stress due to anthropogenic activities such as chemical pollutants in the North and Baltic Seas.

As in previous years, we prioritized breeding-age male SRKW for breath sampling.  Individual male killer whales may be the limiting factor for genetic diversity within the SRKW.  The loss of a key breeding male could be catastrophic for the SRKW, hence the value of identifying, to aid management strategies, an ill animal, and collecting a breath sample, or having a microbiological profile on hand if one does become ill. The death of L74, observed as a “peanut head” during the 2008 season, presented an unrealized opportunity to obtain this type of sample.  We have demonstrated that breath sampling a moribund whale would be feasible.

The increased reaction by killer whales to sampling in Haro Strait in 2009 may have been due to very flat, clear water, very sunny days and therefore the pole with five discs may have been more obvious to the whales.  They seemed to be able to visualize the Petri dishes, (maybe five is too big of a blob), and managed to stay just out of range for optimal sampling in at least 12 separate tracking and sampling attempts, some of which took us into Canada waters.  J1 after two years of being successfully sampled, during 2008 and 2009 seems to be able to consistently stay just out of sampling range, exhibiting a wide range of behaviors to do that.

DFO Canada was extremely helpful in providing us with a Scientific License and foreign vessel permit.  This example of Transboundary cooperation made tracking of whales much better in that it wasn’t necessary to break off when the Boarder was crossed by the whale, either to continue to Canada waters or loop back into USA waters. 

Changes in natural ecosystems, including the release of large amounts of antimicrobials, might alter the population dynamics of microorganisms, including selection of resistance, with consequences for human health that are difficult to predict (Martinez, J. L., 2008). This further emphasizing the need for research to develop techniques for a wider range of source tracking of pathogens, especially those common to human and animal populations.  The protocols described in this report are suitable for this type of screening.

We conclude that the current study presents a novel approach to non-invasive health monitoring merging clinical and ecological approaches to acquire baseline data and presents complex analysis requirements consistent with the Top Ten Principles for Designing Healthy Coastal Ecosystems principally, the eighth, to better monitor the health of the ecosystem’s wildlife.  Not only are humans and wildlife affected by the same toxins, but animals—particularly wildlife—are thought to be the source of more that 70% of all emerging human infectious diseases (Gaydos et al., 2008). 

RECOMMENDATIONS FOR FUTURE WORK:

Findings from each component of this program provide invaluable insights into the natural history of these animals, their ecosystem and a risk profile of pathogens in their critical habitat.  This new knowledge provides important understandings for the rescue and potential rehabilitation of marine mammals, especially and importantly, recent weight loss, “peanut head” killer whales identified by whale watchers.  It is recommended that a standardized response protocol be established when a “peanut head” is identified.

It will be possible, and is recommended with these and other objective health related data points to build a health profile/assessment of individual members of the SRKW, starting with the adult males.  The key for these assessments is the positive field identification and years of birth, of individual killer whales, due to the longitudinal photo identification program of the Center for Whale Research (Balcomb, K.C.III, and M.A. Bigg.  1986) combined with additional individual killer whale data from biopsies, fecal collection, feeding surveys and when possible, necropsy results. 


It is strongly recommended that this program continue with additional attention to antimicrobial-resistance surveillance.  Bacteria subsisting on antibiotics are surprisingly phylogenetically diverse, and many are closely related to human pathogens.  This suggests an unappreciated reservoir of antibiotic-resistance determinants can contribute to the increasing levels of multiple antibiotic resistances in pathogenic bacteria (Dantas et al. 2008). 
 
We recommend continuation of these research activities to increase knowledge and understanding of threats to SRKW and to meet data needs in the Recovery Plan (NMFS 2008) that will inform refining and prioritizing management actions. It is also recommended therefore, that results of SML monitoring be considered as an indicator of ecosystem health of the Puget Sound Georgia Basin ecosystem within the Action Agenda framework of the Puget Sound Action Plan.  The current study presents a reliable protocol, initial baseline, and is economical. 


We also make a recommendation to complement standardized clinical evaluation with metagenomic components, and Multidimensional Scaling analysis.  Additionally, continued engineering improvements may result in greater consistency and the ability to improve collection protocols.

The antibiotic- resistance identified in this four year longitudinal study is to antibiotics widely used and abused for many years, e.g., Penicillin, Ampicillin and Tetracycline, but also includes resistance to higher level antibiotics such a Excenel (Ceftiofur).  Public Health Canada is especially concerned about resistance to Excenel.   Continued monitoring may enable future management decisions.  Within the last decade an increasing number of studies covering antibiotic input to the aquatic environment have been published, (Schaefer et al. 2009) but there is still a lack of understanding and knowledge about antibiotics in the aquatic environment (Kummerer 2009).
This study should continue in order to add to that basic knowledge.  Source tracking of Coliforms is currently possible (Dana Woodruff, pers. Comm.)  indicating technology may be developed and applied to other potentially harmful bacteria and/or fungi isolated from SRKW or SML. For example, if an infectious disease were to be determined as the cause of illness/death of a killer whale, and that infectious agent could be tracked to a specific source, management of that source could be recommended and implemented.
 
A previously unreported retrovirus in cetacean has been recently reported in the literature by LaMere et al, 2009.  We presented our findings at the Puget Sound Georgia Basin Ecosystem 2009 Conference (Schroeder et al. 2009) and recommend additional papers be prepared for publication, while the search continues for pathogens in the Salish Sea.  This knowledge will aid adaptive management techniques,  necessary for the preservation of the ecosystem of the Salish Sea.

These studies were conducted under NOAA Permit #965-1821-00, WDFW Permit #06-322, and Marine Mammal/SARA Scientific License 2007-19/SARA-78 (DFO-Canada.
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Addendum 1.  Summary of antibiotic resistant bacteria isolated from individual killer whale exhaled breath samples from 2006 to 2008.  Antibiotics screened for resistance studies are numbered below, and correspond to numbers in the Resistant to? column.  

	Id #  
	Bacteria
	year
	Resistant to?       
	fungi isolated?
	WPT
	Sex
	DOB

	L74
	Salmonella heidelberg  
	2007
	1,5,6                   
	yes
	90
	M
	1986

	L87
	Vibrio splendidus 
Bacillus sp.          Rheinheimer sp.            Arthrobacter sp.                                                       
	2007
	6   
7,9,11
1,4
2,9
	no
	93
	M
	1992

	L84
	Microbacterium sp.  
Bacillus sp.                                   
	2007
	7
9
	yes
	91
	M
	1990

	J1
	Vibrio alginolyticus       
	2007
	2,4                       
	no           
	104
	M
	1951

	L41
	Staph. cohniiss.cohnii  
Pseudomonas fluorescens 
	2007
2006
	9,10  
 1,3,4,6,7,8                                
	yes
yes
	97
n/a
	M
	1977

	L53
	Kocuria sp.                    
	2007
	10
	yes
	99
	F
	1977

	L7
	Staphylococcus xylosus               
	2006
	8,9,10
	yes
	n/a
	F
	1961


	L87
     
	Pseudomonas sp.
Bacillus sp.
Arthrobacter sp.
Vibrio wodanis
	2008

	
9,11
	yes
	110
	M
	1992


	J30
	Stenotrophomonas sp.
Sporosarcina ginsengisoli
	2008
	3,6,7
7,9
	yes
	111
	M
	1995

	L87
	Stenotrophomonas sp.
Arthrobacter sp.
	2008
	3,6
2,9
	no
	112
	M
	1992

	K16


	Vibrio sp.
Arthrobacter sp.
Pseudomonas sp.
	2008


	
	yes


	113


	F


	1985



	L79
	
	2007
	
	yes
	 98
	M
	1989

	
L85
	
	
2007
	
	yes
	 94
	M
	1991



Antibiotics used in microbial resistance analysis:  1. Florfenicol, 2. Enrofloxacin 3. Excenel, 4. Neomycin, 5. Gentomycin, 6. Ampicillin-Sulbactum, 7. Sulfa-Trimethoprim 8. Tetracycline, 9. Lincomycin, 10. Erythromycin, 11. Penicillin


All of the 2006, 2007 and 2008 breath samples were also tested by PCR for Brucella sp., Influenza Virus, Mollicutes and Morbillivirus.  All test results were negative with the exception of the breath sample from L53, 2007, positive for Mollicutes PCR. 

Ambient air samples had no bacterial growth, and few fungi, none of significance.

An upper respiratory control sample was collected from a human subject, in the area of the vessel in which samples are processed.  Results were:, Arthrobacter sp.


Addendum 2,  Results of PCR assays by 16SrRNA, 2006, 2007 and 2008

	Sampling Year
	Water Sample # (date collected)
	Bacterium
	Potential human/animal pathogen?
	Detected all three years?

	2006
	1 (Aug. 31, 2006)
	Psychrobacter sp.

	
	

	2006
	3 (Aug. 31, 2006)
	Pseudoalteromonas

	
	Yes

	2007
	1 (Oct. 2, 2007)

	Clostridium perfringens 

	Yes
	

	2007
	1, 3, 4, 5 (Oct. 2, 2007)
2 (Oct. 16, 2007)
	Vibrio 

	Yes
	Yes

	2007
	1 (Oct. 2, 2007)

	Leeuwenhoekiella or Antarctic bacterium

	
	

	2007
	1, 4, 5 (Oct. 2, 2007)
2 (Oct. 16, 2007)
	Cobetia or Halomonas

	
	Yes

	2007
	2, 3, 4, 5, 6 (Oct. 2, 2007)
2 (Oct. 16, 2007)

	Pseudoalteromonas

	
	Yes

	2007
	2, 4 (Oct. 2, 2007)

	Alteromonas

	
	Yes

	2007
	3 (Oct. 2, 2007)
1 (Oct. 16, 2007)

	Marine gamma proteobacterium

	
	Yes

	2007
	6 (Oct. 2, 2007)
	Marinomonas

	
	Yes

	2007
	2 (Oct. 16, 2007)
	Exiguobacterium 

	
	

	2007
	2 (Oct. 16, 2007)
	sponge bacterium 

	
	

	2007
	2 (Oct. 16, 2007)
	Moritella 

	
	

	2007
	 2 (Oct. 16, 2007)
	Gelidibacter

	
	

	2008
	WPT 69.08, 70.08, 102.08, 103.08 (Jun. 23, 2008)
	Pseudoalteromonas
	
	Yes

	2008
	WPT 69.08, 70.08, 102.08, (Jun. 23, 2008)
	Marine proteobacterium 
	
	Yes

	2008
	WPT 69.08, (Jun. 23, 2008)
	Halomonas
	
	Yes

	2008
	WPT 69.08, (Jun. 23, 2008)
	Alteromonas
	
	Yes

	2008
	WPT 69.08, (Jun. 23, 2008)
	Marinomonas
	
	Yes

	2008
	WPT 69.08, 70.08, (Jun. 23, 2008)
	Psychrobacter
	
	

	2008
	WPT 69.08, (Jun. 23, 2008)
	Vibrio
	Yes
	Yes

	2008
	WPT 70.08, (Jun. 23, 2008)
	Cobetia
	
	Yes

	2008
	WPT 70, 101, 102, 103, (Oct. 6, 2008)
	Alteromonas
	
	Yes

	2008
	WPT 70, 101, 102, 103, (Oct. 6, 2008)
	Cobetia
	
	Yes

	2008
	WPT 70, 101, 102, 103, (Oct. 6, 2008)
	Halomonas
	
	Yes

	2008
	WPT 70, 101, 102, 103, (Oct. 6, 2008)
	Pseudalteromonas
	
	Yes
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