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ABSTRACT: Phanyngeal swabs were collected

from 298 lesser snow geese (Chen caerulescens
caerulescens) at Banks Island (Northwest Ter-
ritories, Canada) in the summer of 1994. Pas-
teurella multocida serotype 1 was isolated from

an adult male bird and P multocida serotype 3
was isolated from an adult female goose. Patho-
genicity of the serotype 1 isolate was confirmed
by inoculation in Pekin ducks (Anas platyrhyn-

chos). The serotype 3 isolate was non-patho-
genic in Pekin ducks. This is the first docu-

mented isolation of pathogenic P multocida se-

rotype 1 from apparently healthy wild snow
geese.
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Disease losses have been estimated at

>80% of the nonhunting mortality in

fledged North American waterfowl (Stout

and Cornwell, 1976). Avian cholera,

caused by the bacterium Pasteurella mid-

tocida, is among the most common dis-

eases affecting wild waterfowl. Mortality

from this disease was first reported in wild

North American waterfowl in 1943-1944

in Texas (Quortrup et al., 1946) and north-

ern California (Rosen and Bischoff, 1949).

Since these early outbreaks, avian cholera

epizootics have been reported throughout

North America, with mortality occurring

in all four flyways, Canada, and probably

Mexico (National Wildlife Health Center

{NWHC], unpubl.). This disease naturally

infects over 100 species of wild birds (Botz-

ler, 1991) and typically occurs in explosive

outbreaks which kill hundreds to

thousands of birds. In addition, scattered

mortalities that never develop into exten-

sive epizootics occur (Botzler, 1991; Wob-

eser, 1992), but the extent of these low lev-

el losses is unclear.

Despite the purported importance of

avian cholera as a mortality factor among

waterfowl populations (Botzler, 1991) and

the alleged importance of managing this

highly virulent disease (Bolen et al. , 1989),

little is known about the reservoir for this

infectious disease or how the disease is

transmitted ( Botzler, 1 99 1 ; Wobeser,

1992). Two important reservoirs have been

suggested as a source of avian cholera in

waterfowl populations: carrier birds and

enzootic sites. Neither one of these hy-

potheses has been thoroughly investigated;

however, the majority of studies do not

support the general hypothesis that site

specific characteristics such as water or soil

are important reservoirs fcr P multocida

(Botzler, 1991). The evidence for carrier

birds among wild waterfowl is similarly in-

consistent. Pasteurella multocida occurs in

many mammals (Botzler, 1991) and the

presence of virulent and non-virulent car-

riers in domestic poultry has been known

for many years (Pritchett et al., 1930a, b;

Wobeser, 1992). Titche (1979) isolated one

P multocida culture from a snow goose af-

ter collecting nasopharyngeal and tracheal

swabs from 238 geese (species composi-

tion unknown). Titche (1979) also ob-

tained P inultocida from macerated lung

tissue of several dabbling duck species col-

lected from four areas in California. In

contrast, Donahue and Olson (1969) could

not isolate P multocida from the nasal

pharynx of 400 wild waterfowl (including

89 snow geese) sampled in Missouri and

Illinois. Although P. inultocida isolates

have been recovered from apparently

healthy waterfowl (see Botzler, 1991; Wob-

eser, 1992), these isolates have not usually

been serotyped. Likewise, the virulence of

these isolates has not been tested in sva-

terfowl (Botzler, 1991). Thus, most re-
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searchers have generally concluded that

the existence of carrier birds has not been

sufficiently documented (Botzler, 1991;

Wobeser, 1992).

Molting lesser snow geese (Chen cae-

rulescens caerulescens) were captured dur-

ing July 1994 in the vicinity of the Egg

River nesting colony on Banks Island

(Northwest Territories, Canada; 72#{176}20’N,

125#{176}00’W) using helicopter-drive trapping

techniques (Timm and Bromley, 1976).

Birds were captured in groups, banded,

and released in groups. We collected pha-

ryngeal swabs from 298 apparently healthy

adult lesser snow geese to culture for P

inultocida. Culture Swab Transport Sys-

tems (Amies medium with charcoal, rayon

tip, Difco Laboratories, Detroit, Michigan,

USA) were used for sampling. Swab sam-

ples were maintained at cool (ambient)

temperatures during transport to NWHC.

Once at NWHC, swab samples were

stored at room temperature (approximate-

ly 22 C) until they were processed (<21

days after collection).

To process culture swab samples, a ster-

ile cotton swab was immersed into the

Amies tube and completely coated with its

contents. The swab was transferred to a

tube containing 5 ml of Pasteurella inul-

tocida selective broth (PMSB) (Moore et

al., 1994) and incubated at 37 C with 5%

CO2 for 12-16 hr. A standard blood agar

plate (BAP) (Acumedia Manufacturers,

Inc., Baltimore, Maryland, USA) was

swabbed and then streaked for isolation

from the inoculated PMSB. Plates were

incubated at 37 C for 20 to 24 hr with 5%

CO2. Following incubation, plates were

held at room temperature and examined

at 24, 48, 72 and 96 hr. Suspect P multo-

cida colonies were restreaked on BAP and

incubated at 37 C for 20 to 24 hr with 5%

CO2. A Gram stain was performed on all

isolates and Gram positive isolates were

discarded. The remaining Gram-negative

isolates were streaked onto Bacto Mac-

Conkey agar (Difco) and modified Bacto

Columbia CNA agar (Difco) containing 17

units/ml of polymyxin B sulfate (Sigma

Chemical Company, St. Louis, Missouri,

USA) (McFaddin, 1985) to distinguish

poorly staining streptococci from morpho-

logically similar P multocida coccobacillary

bodies. Plates were incubated at 37 C for

20 to 24 hr with 5% CO9. Isolates that

were lactose positive or grew on Columbia

CNA agar containing polymyxin were dis-

carded. Isolates with lactose negative

growth or that failed to grow on Mac-

Conkey or Columbia CNA were inoculat-

ed into a tube of sulfide, indole, and mo-

tility medium (Bacto SIM) (Difco). Motile

isolates were discarded because Pasteurel-

la multocida isolates are usually non-mo-

tile (Heddleston, 1975). The resulting

Gram-negative isolates fitting the P mul-

tocida criteria (Columbia CNA agar neg-

ative, lactose negative/MacConkey growth

positive, or MacConkey growth negative,

or non-motile) were identified using the

API 20E or API NFT identification system

(bioMerieux Vitek, Inc., Missouri, USA).

Pasteurella multocida isolates were sero-

typed by the gel diffusion precipitin test

(Heddleston et al., 1972).

Except for occasional samples with little

or no growth, numerous bacteria were cul-

tured from the swab samples collected

from geese. We isolated P multocida from

two swab cultures. One isolate from an

adult male snow goose was identified as

serotype 1; the other isolate from an adult

female was identified as serotype 3 with

multiple crosses. The isolates were tested

for virulence using a 6-hr Bacto brain

heart infusion (BHI) broth (Difco) culture

of each isolate (1.4 X i05 CFU serotype 1

and 4.8 X 1&� CFU serotype 3). Four

28-day-old Pekin (Anas platyrhynchos)

ducklings were injected subcutaneously in

the dorsal caudal region of the neck with

0.2 ml of each culture (Price, 1985). All of

the four ducldings challenged with the se-

rotype 1 isolate died within 48 hrs, indi-

cating it was pathogenic. At necropsy, all

of these ducklings had gross lesions char-

acteristic of avian cholera (Rosen, 1971;

Friend, 1987), including petechial hem-

orrhages on the heart or necrotic foci on
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the liver. Pasteurella inultocida was cul-

tured from the livers of each bird. A cul-

ture from one bird was identified as sero-

typ e 1, serotyping was not conducted for

cultures from the remaining three birds.

Ducidings challenged with the serotype 3

culture survived and remained healthy.

The importance of snow geese and oth-

er waterfowl species in the epizootiology

of avian cholera remains uncertain. While

a number of species may be involved in

transmission of this disease, considerable

evidence indicates that snow geese may

play a role in carrying and transmitting the

disease in the Pacific and Central flyways.

Rosen (1972) believed that waterfowl carry

P multocida from the wintering grounds

to breeding areas where additional mor-

tality occurs. Wobeser et al. (1979, 1982)

reported that avian cholera occurs among

northward migrating geese in Saskatche-

wan each spring. In these outbreaks, the

disease was mostly confined to lesser snow

and Ross’ geese (Chen rossii). Brand

(1984) found that avian cholera mortality

in the Central and Mississippi flyways

tracked the migration patterns of snow

geese following a breeding ground out-

break along the coast of Hudson Bay, Can-

ada. At other wintering areas in California

it has been noted that avian cholera mor-

tality typically follows the arrival of snow

geese (J. G. Mensik, pers. comm.). Snow

geese from Banks Island are a predomi-

nant population at these wintering areas in

California. Breeding ground outbreaks of

avian cholera in snow geese also have been

demonstrated at Banks Island in 1991

(Nieman and Trost, 1991), 1995, and 1996

(NWHC, unpubl.) and at other breeding

areas in Canada (Wobeser et al., 1983). Fi-

nally, data on avian cholera mortality

events indicate that snow geese are fre-

quently (>50%) involved in larger out-

breaks and constitute a majority of the re-

corded mortality in these outbreaks (M. D.

Samuel, unpubl.).

Future investigations may require im-

proved techniques that are more sensitive

to detecting birds that are carriers of P

multocida. We suspect pharyngeal swabs

collected in this study underestimate the

number of infected birds because birds

may harbor P inultocida in tissues that are

difficult to sample in live birds. In addi-

tion, storing and transporting swabs is

probably not as reliable as immediate cul-

ture from tissues, and isolation of P inul-

tocida from mixed cultures is often diffi-

cult. All these factors probably increase

the number of false negative results. Ad-

ditional research is needed to document

the prevalence of carriers in waterfowl

populations, how prevalence changes an-

nually and after avian cholera outbreaks,

and how the disease is transmitted among

birds.

We thank J. Hines for assistance and

support with field activities. Partial fund-

ing was provided by the California De-

partment of Fish and Game and the Arctic

Goose Joint Venture. M. Moore, C. Brand,

S. Hurley, and L. Creekmore reviewed

and improved the manuscript.

LITERATURE CITED

Bovvs., E. U., U. A. BA1.DASSARHF., ANt) F. S. (;trii-

ERY. 1989. Plava lakes. In habitat manageninennt

1kw ninigratinng and winnteriung waterfowl inn Nortln

Annerica. L. M. Smith, H. L. Pederson. and H.

M. Kannninnski (eds.). Texas Tecln University Press,

Lubbock, Texas, pp. :34 1-:365.

BOTZI.ER, H. C. 1991. Epizootiologv of aviani clnolera

in wildfowl. Journal of N\ildlife l)iseases 27: :367-

:395.

BI3AND, C. J. 1984. Avian cholera inn the Cenntral annd

Mississippi Flvwavs (luring 1979-80. The Jounrnnal

of NVildlife Maniagenunennt 48: 399-406.

DONAHUE, J. NI.. AND L. 1). OLSON. 1969. Survey

of wild (hnc’ks ann(l geese for I’astcurt’lla spp. BinI-

letirn of the N\’ildlife l)isease Associations 5: 201-

205.

FLUENt), M. 1987. Avians clnolera. In Field guide to

wildlife diseases, \‘ol. 1: Genneral field pro’�l1nres

and diseases of nniigratorv birds, NI. Friennd (ccl.

U.S. Fish annd NVildlik Service Resource Publi-

cationn No. 167. NVa.slnington. 1).C.. pp. 69-82.

IIEI)DLESTON. K. L. 1975. Pasteunrellosis. In Isola-

tionn annd identificationn of avnans patlnogens. S. B.

IIitc’lnnner, C. I-I. Connnernsstnth, 11. (. Pnnrc’lnase,

anncl J. E. NVillianns (eds. ). Arnnold Prinntinng ( orp..

Ithaca, New York, pp. :38-4:3.

J. E. (.xI.L.�cER, AND H A. HEL3ERs. 1972.

Fowl cholera: gel diffunsion prec’ipitini test 1kw se-



SHORT COMMUNICATIONS 335

Received for publication 14 July 19.96.

rotvping Pastenrella inultocida from avian spe-

cies. Avian Diseases 16: 925-936.

MAcFADDIN, J. F. 1985. Media for isolation-culti-

vatioun-identification-maintenance of medical

bacteria. NVilliauns & NNTilkins, Baltimore, Mary-

land, 928 pp.

MOORE, M. K., L. CICNJAK-CHUBBS, AND R. J.
GATES. 1994. A nnew selective enrichment pro-

cedure for isolating Pasteurella inultocida from

avian and environmental samples. Asian Diseases

38: 317-324.

NIEMAN, D. J., AND R. H. TR0ST. 1991. Goose nest-

ing phenology’ and habitat conditions in the Ca-

nadian Arctic. June 1991, Canadian NVildlife Ser-

vice-U.S. Fish and Wildlife Service, NVashing-

tom D.C., 19 pp.

PRICE, J. I. 1985. Innnmunizing Canada geese against

avian cholera. NVildlife Society Bulletin 13: 508-

515.

PRITCHETr, I. NV, F. R. BEAUDETrE, AND T. P.

HUGHES. 1930a. The epidemiology’ of fowl chol-

era IV Field observations of the �spontaneous”

disease. Journal of Experimental Medicine 51:

249-258.

AND . 1930b. The epidemi-

ologv of fowl cholera V Further field observa-

tions of the spontaneous disease. Journal of Ex-

perimental Medicine 51: 259-274.

QUORTRUP, H. R., F. B. QUEEN, AND L. J. MEROVKA.

1946. An omnthreak of pasteurehlosis in wild

ducks. Journal of the American Veterinary Med-
ical Association 108: 94-100.

RoSEN, M. N. 1971. Avian cholera. In Infectious and

parasitic diseases of wild birds, J. NV Davis, R.

C. Anderson, L. Karstad, and D. 0. Trainer

(eds.). The Iowa State University Press, Anines,

Iowa, pp. 59-74.

1972. The 1970-71 avian cholera epornitic’s

innpact on certains species. Jomnrnnal of NVihlIife

Diseases 8: 75-78.

AND A. I. BISCHOFF. 1949. The 1948-49

outbreak of fowl cholera in birds ins the Sans

Francisco Bay area annd stnrrounnding counties.

California Fish and Game 35: 185-192.

STOUT, I. J., AND (I�. NV. C0RNWELL. 1976. Nonn-

hunting mortality of fledged North Americann

terfowl. The Journal of Wildlife Managemennt 40:

681-693.

TITCHE, A. 1979. Avian cholera inn California. NVild-

life Management Branch Administrative Report

79-2. California l)epartment of Fish and Canine,

Sacramento, California, 49 pp.

TIMM, D. H., AND R. G. BR0MLEY. 1976. l)riving

Canada geese by helicopter. Wildlife Society Bul-

letin 4: 180-181.

WOBESER, G. 1992. Avian clnolera annd waterfowl bi-

ologv. Journal of Wildlife Diseases 28: 674-682.

R. KERBES, AND G. NV BEYERSBERGEN.

1983. Avian cholera in Ross’ and lesser snow

geese in Canada. Journal of NVildhife Diseases 19:

12.

B. HUNTER, B. NVRIGHT, D. J. NIEMAN. AND

R. ISBISTER. 1979. Avian cholera in Saskatche-

wan, spring 1977. Joinrnal of NVilcllife l)iseases

15: 19-24.
F. A. LEIGHTON, A. I). OSBORNE. I). J. NIE-

MAN, AND J. R. SMITH. 1982. Avian cholera in

waterfowl in western Canada, 1978-1981. The

Canadian Field-Naturalist 96: 317-322.




