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Impacts

• This study produced a variety of different Salmonella serotypes and patterns

from wildlife specimens, some of which have been historically associated

with outbreaks from tomatoes grown in Virginia.

• Birds were responsible for almost half of the Salmonella-positive samples in

this study.

• Certain Salmonella serotypes may be highly resistant to extreme weather

conditions such as heat and desiccation.
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Summary

Eastern Shore of Virginia red, round tomatoes contaminated with Salmonella

serotype Newport pattern JJPX01.0061 have been a source of several multistate

outbreaks within the last 10 years. No source of the contamination has yet been

identified. The goal of this study was to evaluate wildlife as a potential source of

contamination. Faecal samples from deer, turtles and birds were collected

between November 2010 and July 2011 from seventeen locations on the Eastern

Shore of Virginia. A total of 262 samples were tested for the presence of Salmonel-

la using an enzyme-linked immunosorbent assay (ELISA). A total of 23 (8.8%)

samples tested positive for Salmonella spp. and were further characterized by

serotyping and pulsed-field gel electrophoresis (PFGE) subtyping. Overall, twelve

serotypes were identified, including Salmonella serotype Javiana, another com-

mon serotype associated with tomato-related outbreaks. Only one avian sample

collected in July 2011 was determined to be positive for S. Newport pattern 61.

This sample was collected from the ground at a site where birds, mostly gulls,

were congregating. Although many of the avian samples from this site were dry,

the site yielded eleven positive Salmonella samples. This suggests that certain Sal-

monella serotypes may persist in the environment despite extreme conditions.

The recovery of one Newport pattern 61 isolate alone does not yield much

information regarding the environmental reservoirs of this pathogen, but when

combined with other data including the recovery of several isolates of Javiana

from birds, it suggests that birds might be a potential source of Salmonella

contamination for tomatoes on the Eastern Shore.

Introduction

Foodborne Salmonella outbreaks have been traditionally

associated with poultry, but produce outbreaks are becom-

ing increasingly common. Recently, it was estimated that

13% of outbreaks in the United States may be attributed to

produce contaminated with foodborne pathogens (Han-

ning et al., 2009). A wide variety of produce including

tomatoes, sprouts, cantaloupe and lettuce have been impli-

cated in recently reported outbreaks. Produce can be

© 2013 Blackwell Verlag GmbH � Zoonoses and Public Health, 2014, 61, 202–207202

Zoonoses and Public Health



contaminated through a number of routes in the field,

including, but not limited to, surface or irrigation water,

faeces from livestock or wildlife, raw or poorly composted

manure, farm equipment and human workers. Tomatoes

seem particularly susceptible to Salmonella contamination.

Previous studies have shown that Salmonella can either col-

onize or proliferate on the surface of a tomato depending

on the serotype or the environmental conditions (Hanning

et al., 2009; Pao et al., 2012).

Since 1998, over 15 Salmonella outbreaks causing more

than 2000 confirmed illnesses have been linked to toma-

toes. The number of cases could be closer to 60 000 since

the CDC estimates that there are potentially 29.3 people ill

for every confirmed case of Salmonella (CDC, 2011). Many

of these outbreaks have been associated with fresh or fresh-

cut tomatoes from Florida and Virginia. In Virginia, the

Eastern Shore has been associated with five outbreaks and

almost 850 confirmed illnesses.

The Eastern Shore of Virginia is a narrow strip of land

made up of two counties: Northampton and Accomack

(Fig. 1). It is attached to the south-eastern tip of Maryland

and separated from the rest of Virginia by the Chesapeake

Bay and is bordered on the eastern edge by the Atlantic

Ocean. The Eastern Shore of Virginia is comprised of

mostly rural, agricultural communities that produce chick-

ens and grow crops such as potatoes, peanuts, soybeans

and tomatoes throughout the Shore. Tomato production

on the Eastern Shore contributes to making Virginia one of

the top producers of tomatoes in the nation.

Outbreaks occurring on the Eastern Shore have been

associated with one particular serotype, Salmonella serotype

Newport. S. Newport is the third leading cause of Salmo-

nella outbreaks in the United States (CDC, 2012). Pulsed-

field gel electrophoresis (PFGE) or DNA ‘fingerprinting’

has further subtyped the strain as S. Newport pattern

JJPX01.0061 (denoted as S. Newport pattern 61). The

Fig. 1. Map showing the location of Accomack and Northampton counties in Virginia. The towns where the 17 sampling sites for Salmonella sero-

type Newport pattern JJPX01.0061 took place are shown on the larger map of the two counties.
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identification of this PFGE pattern in all five outbreaks

related to Eastern Shore red, round tomatoes is suggestive

of a common source for S. Newport contamination on the

Eastern Shore. The source of the Salmonella involved in the

outbreaks has not been found, but irrigation pond water

sampled in 2005 did yield S. Newport pattern 61 (Greene

et al., 2008).

It has been speculated that the source of the S. Newport

pattern 61 might be wildlife. During a joint Food and Drug

Administration, Virginia Department of Health and Vir-

ginia Department of Agriculture and Consumer Services

investigation into the source of the outbreaks, wildlife or

evidence of wildlife (faeces and/or tracks) was observed in

tomato fields. Documents from the investigation noted that

turtles and waterfowl, primarily Canada geese, were seen in

ponds that were used for irrigating the tomato plants

(Greene et al., 2008). Many of the species observed in the

report (geese, gulls and deer) have the ability to spread

S. Newport in the environment.

Materials and Methods

Deer, geese, ducks, gulls and turtles were chosen to be part

of the study to determine the potential role of wildlife in

harbouring or spreading S. Newport pattern 61 on the

Eastern Shore. Prior to sampling, sample size was calculated

for all wildlife groups, except turtles, using the Statcalc

function in the software program EPI INFO (version 3.4.2;

Centers for Disease Control and Prevention, Atlanta, GA,

USA). A sample size of 73 was calculated for each group

using the following parameters: expected frequency of 5%,

worst acceptable level of 0% and confidence level of 95%.

The expected frequency of 5% was chosen based on the lit-

erature review regarding the prevalence of Salmonella in

various wildlife species (Fallacara et al., 2001; Mill�an et al.,

2004; Branham et al., 2005; Renter et al., 2006; Jij�on et al.,

2007). It was estimated that only 20 turtles would be caught

during the study period because few turtles were observed

on the properties where tomatoes were grown. A scientific

collection permit (#040746) was obtained for this study

from the Virginia Department of Game and Inland Fisher-

ies prior to sample collection.

Sampling commenced at seventeen sites in Accomack

and Northampton counties on the Eastern Shore of Vir-

ginia between November 2010 and July 2011 (Fig. 1). Loca-

tions and sampling dates were dependent on the animals

being sampled. Deer samples were collected from hunter

check stations during the 2010 fall hunting season. Water-

fowl samples were collected from birds that were taken at

various waterbodies on the shore between December 2010

and January 2011. Turtles were sampled from ponds on

tomato farms in May and July of 2011. Gulls and other

birds were sampled from one particular Accomack County

site in May and July of 2011; this site is characterized by a

tomato field where multiple bird species were seen and a

property across the street where gulls congregated and is

bordered by mixed agricultural-use fields as well as wooded

properties.

Faecal material from deer, turtles and waterfowl was col-

lected by swabbing (Catch-AllTM; Sample Collection Swabs,

Epicentre, Madison, WI, USA) the rectum or cloaca of

either hunter-killed animals (deer, waterfowl) or live

caught animals using hoop nets (turtles). In addition to

swabbing turtle cloacae, the biofilms on turtle carapaces

were also swabbed to improve chances of pathogen recov-

ery (Richards et al., 2004; Gaertner et al., 2008). Samples

from other birds were taken by swabbing faecal material left

on concrete surfaces, fields or plastic covers on tomato

fields. All samples were placed in Cary-Blair transport

media and transported by state vehicle to the laboratory at

Virginia State University. As Cary-Blair is stable at room

temperature, no special packaging was used.

Each faecal or carapace sample (≤1 g) was pre-enriched

in 99 ml of buffered peptone water at 36°C for 20 h, fol-

lowed by enrichment in Rappaport–Vassiliadis (RV) broth
at 42°C for 18 h and post-enrichment in mannose (M)

broth at 36°C for 7 h before the Salmonella enzyme-linked

immunosorbent assay (ELISA; Tecra, Frenchs Forest, Aus-

tralia) was performed (Pao et al., 2005; Tecra International

Pty. Ltd, 2005). As enrichment steps were included prior to

testing with the ELISA, the assay could detect as little as

one Salmonella cell per sample (Pao et al., 2005). For

ELISA-positive samples, RV and/or M broths were streaked

on xylose–lysine–deoxycholate agar (Difco, Sparks, MD,

USA.) for isolation. Typical colonies (red colonies with or

without black centres) were isolated, and at least one isolate

was identified to genus level using Gram staining and API

20 E� test strip (bioM�erieux, Marcy I’Etoile, France).

Pulsed-field gel electrophoresis(PFGE) was performed

according to standardized procedures developed by the

CDC (CDC: Foodborne and Diarrheal Diseases Branch,

2003) Briefly, cell suspensions were prepared and adjusted

to a turbidity equivalent of a 3.0 McFarland using cell sus-

pension buffer consisting of 100 mM Tris, pH 8 and

100 mM EDTA, pH8. Cell suspensions were mixed 1 : 1

with 1.2% molecular-grade agarose containing 0.1 mg/ml

proteinase K and cast into plug moulds. Bacteria-contain-

ing agarose plugs were subjected to cell lysis at 56°C for

1.5 h in 50 mM Tris, pH 8; 50 mM EDTA, pH 8, containing

1% sarcosine and 0.1 mg/ml proteinase K. Plugs were

washed 2X in MilliQ water and 4X in TE buffer (10 mM

Tris, pH 8; 1 mM EDTA, pH 8) at 50°C with 70 rpm agita-

tion. Agarose-embedded DNA was digested with 50 U of

the restriction endonuclease XbaI (New England Biolabs,

Ipswich, MA, USA) for approximately 3 h in a water bath

at 37°C. The restriction fragments were separated by
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electrophoresis in 0.5X Tris–borate–EDTA buffer at 14°C
for 19–19.5 h using a Chef Mapper XRS electrophoresis

system (Bio-Rad, Hercules, CA, USA) with pulse times of

2.16–63.8 s. The gels were stained with ethidium bromide,

and DNA bands were visualized with a ChemiDoc XRS

(Bio-Rad). Salmonella serotype Braenderup H9812 was

used as the control strain (Hunter et al., 2005). Interpreta-

tion of DNA fingerprint patterns was performed using BIO-

NUMERICS 5.1 software (Applied Maths, Austin, TX, USA).

The banding patterns were compared using Dice coeffi-

cients with a 1.0–1.5% band position tolerance. After test-

ing was completed by PFGE, isolates were serotyped

according to the Kauffman and White scheme, using

somatic (O) and flagellar (H) antigens (Brenner and McW-

horter-Murlin, 1998; Brenner et al., 2000).

Results

A total of 262 samples were collected during the sampling

period. Of the targeted animal groups sampled during the

study, only deer (n = 73) and turtles (n = 31) met or

exceeded the quota set forth at the beginning of the study.

The 31 turtles that were sampled during the study yielded

57 samples because both the cloacae and the carapace of

the turtles were swabbed. Ducks (n = 72), geese (n = 7)

and gulls (n = 29) did not meet the sample size assigned to

these groups.

Twenty-four ‘other’ faecal samples were collected as part

of the study. Over half of these ‘other’ samples were classi-

fied as avian in origin because the samples were collected

from a field where mainly gulls and a few other bird species

intermingled, making the designation of the sample species

origin uncertain. Opportunistic samples were also included

in the ‘other’ group. Faecal samples from one snake and

two horses were included in the study because they can also

be carriers of Salmonella. Three faecal samples of mamma-

lian origin from a tomato field were also tested for

Salmonella.

Of the 262 samples tested for Salmonella, 23 samples

(8.8%, 95% CI: 5.3–12.3%) were Salmonella positive.

Twelve serotypes, including S. Newport, and eight different

PFGE patterns were identified (Table 1). One S. Newport

pattern 61 sample from a bird was identified during the

study. Javiana, another common serotype associated with

tomatoes, was the serotype isolated most frequently identi-

fied (6/23; 26.1%) during the study. Several of the identi-

fied isolates produced PFGE patterns that did not match

other PFGE patterns previously identified in Virginia in the

past 3 years.

Overall, 15 of the positive Salmonella samples (11.9%;

95% CI: 6.2–17.6%) came from birds, six positive samples

(10.5%; 95% CI: 2–18.5%) came from turtles, one positive

sample (100%; 95% CI: 33.3–100%) came from the snake

and one positive sample (33.3%; 95% CI: 0–86.4%) was of

mammalian origin. Gulls and those samples that could only

be identified as avian in origin, henceforth known as the

non-waterfowl group, yielded more Salmonella isolates and

had a significantly higher Salmonella prevalence (14/47;

29.8%; 95% CI: 16.7–42.9%, P < 0.01) as compared to

hunter-killed waterfowl (1/79; 1.3%; 95% CI: 0–3.8%).

Neither geese nor deer produced positive Salmonella

results.

Eleven sites in Accomack County (188; 71.8%) and

six sites in Northampton County (74; 28.2%) were sam-

pled during the study. Of the seventeen sites sampled on

the Eastern Shore for Salmonella, only four sites yielded

positive results. Three of these sites were in Accomack

County, while only one site was in Northampton

County. The majority of positives (15/23; 65.2%) and

hence serotypes were produced by the mixed-use Acco-

mack County site from which gulls and other birds were

sampled. At the other three sites, only one or two

serotypes were identified.

Discussion

Overall, 23 samples (8.8%) were positive for Salmonella,

which is a slightly higher rate than the predicted prevalence

(5%) used for calculating sample size. The higher preva-

lence is probably due in part to the large number of Salmo-

nella isolates coming from non-waterfowl species. When

the prevalence for the non-waterfowl group is compared

with previously published numbers for gulls in the United

Table 1. Salmonella serotypes and pulsed-field gel electrophoresis

(PFGE) patterns for wildlife specimens collected on the Eastern Shore of

Virginia

Salmonella

serotype PFGE pattern

Number of

samples Source

Banana Unique Patterna 2 Avian

Blockley Unique Pattern 1 Gull

Group T Unique Pattern 1 Snake

I 4,5,12:i:- JPXX01.0621 3 Turtle

Javiana JGGX01.0141 1 Mammal

Javiana JGGX01.0012 3 Gull

Javiana Unique Pattern 2 Gull

Mbandaka Unique Pattern 2 Gull

Newport JJPX01.0061 1 Avian

Norwich TDTX01.0035 1 Avian

Senflenberg Unique Pattern 1 Avian

Thompson JP6X01.0236 3 Turtle

Typhimurium JPXX01.0302 1 Duck

Typhimurium var

0 5-(Copenhagen)

JPXX01.1283 1 Gull

aUnique Pattern means PFGE pattern did not match any PFGE patterns

in the CDC PulseNet National Database based on a 500-day window.
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States, the prevalence is also higher than that documented

in other studies (Kinzelman et al., 2008; Stoddard et al.,

2008). All of the positive non-waterfowl Salmonella isolates

came from one site in Accomack County.

Javiana was the most frequently isolated serotype, with

five samples obtained from the non-waterfowl group and

one sample from an unknown source. However, all six of

these isolates came from the same location on the Eastern

Shore. S. Javiana has been implicated in several tomato

foodborne outbreaks since the early 1990s, and it has also

been isolated from previous tomato farm inspections

(Greene et al., 2008). Public information relating to S. Javi-

ana PFGE patterns for the S. Javiana-related tomato out-

breaks or for farm inspections was not available; therefore,

PFGE pattern comparisons could not be performed as part

of this study.

In addition to having most of the Salmonella-positive

isolates of all wildlife groups tested, the non-waterfowl

group produced two PFGE patterns of interest: S. Newport

pattern 61 and S. Javiana JGGX01.0141 (denoted S. Javiana

pattern 141). S. Javiana pattern 141 is of special interest to

the Virginia Department of Health because several sus-

pected outbreaks involving this pattern have occurred in

Eastern Shore residents over the last few years. While find-

ing these outbreak patterns in animals is an important first

step in determining their origin, causality cannot be attrib-

uted; the small number of isolates recovered in this study

limits generalizability of the data, and it is difficult to ascer-

tain whether the birds are picking up Salmonella in the

environment or the birds are the source of the environmen-

tal contamination. However, the isolation of these patterns

indicates that more targeted research and sampling need to

be done on birds, particularly non-waterfowl birds includ-

ing gulls, to determine what role these animals play in

foodborne outbreaks caused by the consumption of

Salmonella contaminated tomatoes.

One interesting finding of this study was that several of

the samples collected from the site in Accomack County

that produced all the non-waterfowl positives were severely

dried when collected. These positive samples, including the

S. Newport 61 sample, were collected from a plastic sheet

covering a tomato field under a hot sun in July. This sug-

gests that certain Salmonella serotypes might be resistant to

extreme weather conditions such as heat and desiccation.

Salmonella are able to survive under difficult circumstances

(Uesugi et al., 2007; Gorski et al., 2011), so it is dishearten-

ing to know that Salmonella contamination of tomatoes

may persist in the environment indefinitely despite good

agricultural practices. Effective control measures (e.g. fruit

washing and cold storage) for post-harvest, processing and

food service operations should be utilized in conjunction

with good agricultural practices to prevent future out-

breaks.

Acknowledgments

The authors wish to thank Megan Kirchgessner and EVMS/

ODU students for helping in the field, the Virginia Depart-

ment of Game and Inland Fisheries for lending turtle traps

and Kimberly Filbert for reviewing the manuscript. This

article is Contribution No. 3282 of the Virginia Institute of

Marine Science, The College of William & Mary.

References

Branham, L. A., M. A. Carr, C. B. Scott, and T. R. Callaway,

2005: E. coli O157 and Salmonella spp. in white-tailed deer

and livestock. Curr. Issues Intest. Microbiol. 6, 25–29.

Brenner, F. W., and A. C. McWhorter-Murlin, 1998: Identifica-

tion and Serotyping of Salmonella. Centers for Disease Control

and Prevention, Atlanta, GA.

Brenner, F. W., R. G. Villar, F. J. Angulo, R. V. Tauxe, and B.

Swaminathan, 2000: Salmonella nomenclature. J. Clin. Micro-

biol. 38, 2465–2467.

CDC, 2011: Table 2. Estimated annual number of episodes of ill-

nesses caused by 31 pathogens, United States. Available at:

http://www.cdc.gov/foodborneburden/PDFs/

11_228412_pitts_factsheet_table 2_remediated.pdf (accessed

on 19 July 2012).

CDC, 2012: Salmonella, General Information, Technical Page.

Available at: http://www.cdc.gov/salmonella/general/technical.

html (accessed on 19 July 2012).

CDC: Foodborne and Diarrheal Diseases Branch, 2003: Pulse-

Net USA Manual: Standardized Molecular Subtyping of

Foodborne Bacterial Pathogens by Pulsed-Field Gel Electro-

phoresis. CDC: Foodborne and Diarrheal Diseases Branch,

Atlanta, GA.

Fallacara, D. M., C. M. Monahan, T. Y. Morishita, and R. F.

Wack, 2001: Fecal shedding and antimicrobial susceptibility

of selected bacterial pathogens and intestinal parasites in free-

living waterfowl. Avian Dis. 45, 128–135.

Gaertner, J. P., D. Hahn, F. L. Rose, and M. R. J. Forstner, 2008:

Detection of salmonellae in different turtle species within a

headwater spring ecosystem. J. Wildl. Dis. 44, 519–526.

Gorski, L., C. T. Parker, A. Liang, M. B. Cooley, M. T. Jay-Rus-

sell, A. G. Gordus, E. R. Atwill, and R. E. Mandrell, 2011:

Prevalence, distribution, and diversity of Salmonella enteric in

a major produce region of California. Appl. Environ. Micro-

biol. 77, 2734–2748.

Greene, S. K., E. R. Daly, E. A. Talbot, L. J. Demma, S.

Holzbauer, N. J. Patel, T. A. Hill, M. O. Walderhaug, R. M.

Hoekstra, M. F. Lynch, and J. A. Painter, 2008: Recurrent

multistate outbreak of Salmonella Newport associated with

tomatoes from contaminated fields, 2005. Epidemiol. Infect.

136, 157–165.

Hanning, I. B., J. D. Nutt, and S. C. Ricke, 2009: Salmonellosis

outbreaks in the United States due to fresh produce: sources

and potential intervention measures. Foodborne Pathog. Dis. 6,

635–648.

© 2013 Blackwell Verlag GmbH � Zoonoses and Public Health, 2014, 61, 202–207206

Evaluating Wildlife as a Potential Source of Salmonella K. Gruszynski et al.

 18632378, 2014, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/zph.12061 by U

niv of C
alifornia L

aw
rence B

erkeley N
ational L

ab, W
iley O

nline L
ibrary on [17/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Hunter, S. B., P. Vauterin, M. A. Lambert-Fair, M. S. Van

Duyne, K. Kubota, L. Graves, D. Wrigley, T. Barrett, and

E. Ribot, 2005: Establishment of a universal size standard

strain for use with the PulseNet standardized pulsed-field

gel electrophoreses protocols: converting the national data-

bases to the new size standard. J. Clin. Microbiol. 43,

1045–1050.

Jij�on, S., A. Wetzel, and J. LeJeune, 2007: Salmonella enterica

isolated from wildlife at two Ohio rehabilitation centers.

J. Zoo Wildl. Med. 38, 409–413.

Kinzelman, J., S. L. McLellen, A. Amick, J. Preedit, C. O. Scopel,

O. Olapade, S. Gradus, A. Singh, and G. Sedmak, 2008: Iden-

tification of human enteric pathogens in gull feces at South-

western Lake Michigan bathing beaches. Can. J. Microbiol. 54,

1006–1015.

Mill�an, J., G. Aduriz, R. A. Juste, and M. Barral, 2004: Salmonella

isolates from wild birds and mammals in the Basque Country

(Spain). Rev. Sci. Tech. Off. Int. Epizoot. 23, 905–911.

Pao, S., D. Patel, A. Kalantari, J. P. Tritschler, S. Wildeus,

and B. L. Sayre, 2005: Detection of Salmonella strains and

Escherichia coli O157:H7 in feces of small ruminants and

their isolation with various media. Appl. Environ. Microbiol.

71, 2158–2161.

Pao, S., W. III Long, C. Kim, and A. R. Rafie, 2012: Salmonella

population rebound and its prevention on spray washed and

non-washed jalapeno peppers and Roma tomatoes in humid

storage. Foodborne Pathog. Dis. 9, 361–366.

Renter, D. G., D. P. Gnad, J. M. Sargeant, and S. E. Hygnstrom,

2006: Prevalence and Serovars of Salmonella in the feces of

free-ranging white-tailed deer (Odocoileus virginianus) in

Nebraska. J. Wildl. Dis. 42, 699–703.

Richards, J. M., J. D. Brown, T. R. Kelly, A. L. Fountain, and J.

M. Sleeman, 2004: Absence of detectable Salmonella cloacal

shedding in free-living reptiles on admission to the wildlife

center of Virginia. J. Zoo. Wildl. Med. 35, 562–563.

Stoddard, R. A., R. L. DeLong, B. A. Byrne, S. Jang, and F. M.

Gulland, 2008: Prevalence and characterization of Salmonella

spp. among marine animals in the Channel Islands, Califor-

nia. Dis. Aquat. Org. 81, 5–11.

Tecra International Pty. Ltd, 2005: Methods Manual: Salmonella

Visual Immunoassay. Tecra International Pty Ltd., Frenchs

Forest, Australia.

Uesugi, A. R., M. D. Danyluk, R. E. Mandrell, and L. J. Harris,

2007: Isolation of Salmonella Enteritidis phage type 30 from a

single almond orchard over a 5-year period. J. Food Prot. 70,

1784–1789.

© 2013 Blackwell Verlag GmbH � Zoonoses and Public Health, 2014, 61, 202–207 207

K. Gruszynski et al. Evaluating Wildlife as a Potential Source of Salmonella

 18632378, 2014, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/zph.12061 by U

niv of C
alifornia L

aw
rence B

erkeley N
ational L

ab, W
iley O

nline L
ibrary on [17/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


