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ABSTRACT: Wetlands have long been suspected to be an important reservoir for Pasteurella
multocida and therefore the likely source of avian cholera outbreaks. During the fall of 1995-98
we collected sediment and water samples from 44 wetlands where avian cholera epizootics oc-
curred the previous winter or spring. We attempted to isolate P. multocida in sediment and surface
water samples from 10 locations distributed throughout each wetland. We were not able to isolate
P. multocida from any of the 440 water and 440 sediment samples collected from these wetlands.
In contrast, during other investigations of avian cholera we isolated P. multocida from 20 of 44
wetlands, including 7% of the water and 4.5% of the sediment samples collected during or shortly
following epizootic events. Our results indicate that wetlands are an unlikely reservoir for the

bacteria that causes avian cholera.
Key words:

INTRODUCTION

Avian cholera kills thousands of water-
fowl annually in North American wetlands;
however, the reservoir for the bacteria that
causes the disease (Pasteurella multocida)
remains uncertain (Botzler, 1991). Two im-
portant reservoirs—a reservoir is defined
as a “place where the infective agent can
survive on a year-round basis” (Botzler,
1991)—have been suggested as a source of
avian cholera in waterfowl populations:
carrier birds and epizootic wetland sites.
Although neither of these hypotheses has
been thoroughly or consistently investigat-
ed, several observations have contributed
to the idea that soil or water at specific
wetland areas may serve as the reservoir
for this disease. First, although the disease
has occurred in many areas, there has
been a consistent pattern of recurrence of
winter and spring avian cholera outbreaks
in northern California (USA), the Rain-
water Basin in Nebraska (USA), in Texas
(USA) (Fig. 1), and in the prairies of Can-
ada (Wobeser et al., 1979; Wobeser, 1992).
In addition, a number of researchers have
isolated P. multocida from wetlands where
avian cholera outbreaks were occurring
(Rosen and Bischoff, 1950; Rosen, 1969;
Korschgen et al., 1978; Price and Brand,
1984; Backstrand and Botzler, 1986; Sam-

Avian cholera, disease reservoir, Pasteurella multocida, wetlands.

uel et al., 2003), indicating that wetlands
can be contaminated with bacteria during
outbreaks. Second, several researchers
have observed that P. multocida can sur-
vive for considerable time periods (e.g.,
weeks to >1 yr) in the laboratory (Ben-
dheim and Evan-Shoshan, 1975; Awad et
al., 1976; Bredy and Botzler, 1989; Price
et al., 1992), providing the theoretical po-
tential for long-term survival under favor-
able environmental conditions. And third,
researchers have also found that survival
of P. multocida in the laboratory can de-
pend on the water or sediment character-
istics (Rosen and Bischoff, 1950; Bredy
and Botzler, 1989; Price et al., 1992) and
that wetland water chemistry may be as-
sociated with outbreak areas (Windingstad
et al., 1988), providing the possibility that
differential survival of bacteria may occur
among wetlands.

We investigated the hypothesis that wet-
lands are the most likely reservoir for P.
multocida and thus play an important role
in the epizootiology of avian cholera. If
wetlands serve as reservoirs for the bac-
terium that causes avian cholera, then P.
multocida should be present in these wet-
lands before migratory birds arrive. In ad-
dition, the patterns of consistent disease
mortality in specific locations and isolation
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FIGURE 1. Distribution of avian cholera epizoot-
ics reported in wild waterfowl (1944-97) in the Unit-
ed States and shown in shaded circles, which repre-
sent the relative magnitude of mortality events (Na-
tional Wildlife Health Center, unpubl. data). Fall
wetland sample locations 1995-98 shown with stars.
All sampled wetlands had avian cholera outbreaks
during the previous winter—spring. Each star may
represent multiple wetlands and multiple years of
sampling (see Table 1 for details).

of P. multocida from wetlands with out-
breaks imply that wetlands with recent
mortality are a potential reservoir for the
disease agent. Each fall, from 1995 to
1998, we sampled wetlands throughout
the United States where avian cholera out-
breaks were reported during the previous
winter or spring. We collected sediment
and water samples and attempted isolation
of P. multocida from each wetland. Al-
though we attempted to isolate all P. mul-
tocida serotypes, we were primarily con-
cerned with serotype 1, which typically
causes avian cholera mortality in the Pa-
cific, Central, and Atlantic flyways (Brog-
den and Rhoades, 1983; Windingstad et
al., 1983; Hirsh et al., 1990; Wilson et al.,
1995). If wetlands are an important res-
ervoir for avian cholera, we expected to
isolate P. multocida during the fall, prior
to use by migratory waterfowl.

MATERIALS AND METHODS

During 1995-98, wetlands where avian chol-
era mortality, confirmed by diagnostic pathol-
ogy and culture, occurred were selected for
sampling the next fall to determine whether P.
multocida could be isolated from water or sed-
iment. We selected wetlands where estimated
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mortality was at least 100 waterbirds because
we believed that these losses increased the like-
lihood that P. multocida was present in the wet-
land during the outbreak. We sampled wet-
lands during September to November, depend-
ing on geographic location, prior to major in-
fluxes of migratory waterfowl, which could also
be a reservoir for the disease (Botzler, 1991;
Samuel et al., 1999a, b).

We collected water and sediment samples for
isolation of P. multocida using the methods de-
scribed in Samuel et al. (2003). We used the
cryopreservation method and quality assurance
procedures described by Samuel et al. (2003)
to preserve water and sediment samples prior
to attempting isolation of P. multocida. In ad-
dition to water and sediment samples, we col-
lected water samples for chemical, turbidity,
and dissolved protein analyses and we mea-
sured other water quality characteristics (tem-
perature, pI, redox potential, conductivity, and
dissolved oxygen) using a Yellow Springs In-
struments 610 DM water quality meter and
600 XL probe (Yellow Springs, Ohio, USA).

Following field collection, samples were
transported to the US Geological Survey Na-
tional Wildlife Health Center (NWHC), Mad-
ison, Wisconsin (USA), in liquid nitrogen vapor
shippers. Cryovials containing the water and
sediment samples were transferred to liquid ni-
trogen tanks for storage until they could be
conveniently processed in the laboratory. At-
tempted isolation of P. multocida followed the
methods described in Moore et al. (1998) and
Samuel et al. (2003). Suspect bacterial colonies
were identified by methods described in Sam-
uel et al. (1997).

We calculated the proportion of water and
sediment samples and the proportion of sam-
pled wetlands that had detectable P. multocida.
We also calculated the exact 95% confidence
intervals on these prevalence data (Zar, 1984).

RESULTS

During September—November of 1995—
98, we sampled 44 wetlands in six different
states in the United States (Table 1). Many
of the sampled wetlands were distributed
throughout enzootic avian cholera areas in
the Klamath Basin, Central Valley, and San
Joaquin Valley of California and the Rain-
water Basin in Nebraska (Fig. 1). We also
sampled wetlands in areas with less fre-
quent occurrences of avian cholera, in-
cluding Swan Lake National Wildlife Ref-
uge (NWR) in Missouri, Lac Qui Parle
Wildlife Management Area (WMA) in
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Minnesota, the eastern San Francisco Bay
in California, Stillwater NWR in Nevada,
and the panhandle of Texas (all sites in the
United States). Reported avian cholera
mortalities from our sampled wetlands var-
ied from approximately 90 to >8,000 dur-
ing the previous winter—spring period (Ta-
ble 1).

We were unable to isolate P. multocida
from any of the water or sediment samples
collected during our fall sampling. Thus,
estimated prevalence was 0.0% for water,
sediment, and wetlands. Assuming that
each of the water or sediment samples we
collected had independent probabilities of
containing P. multocida, then the 95%
confidence interval on the proportion of
water or sediment samples with detectable
concentrations of P. multocida was be-
tween 0.0% and 0.63%. Alternatively, the
95% confidence interval on the proportion
of wetlands with detectable P. multocida
was 0.0% to 6.2%.

DISCUSSION

Whether wetlands or waterbirds serve
as a reservoir for avian cholera has been a
controversial issue with important impli-
cations for understanding the epizootiolo-
gy of this disease. In part, debate about the
reservoir for the disease has persisted be-
cause of lack of consistent research inves-
tigating the proposed hypotheses. We
were unable to recover P. multocida from
any of the 440 water and 440 sediment
samples we collected from the wetlands
we sampled during the fall, prior to the
return of migratory waterfowl populations.

We believe our research provides the
strongest evidence to date that wetlands
are not the primary reservoir for the P.
multocida serotypes that cause avian chol-
era. However, we acknowledge some lim-
itations of our sampling methods and the
difficulty of proving the hypothesis that
wetlands never serve as a reservoir for the
disease. Nevertheless, we believe several
lines of evidence support our conclusion.
In previous laboratory and field studies
(Moore et al., 1998) we found the pres-
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ervation and culturing methods used in
our investigations to be highly sensitive for
detecting P. multocida at concentrations of
two to 18 organisms per milliliter in wet-
land water samples. This method was su-
perior to the standard mouse inoculation
method used for previous work (Moore et
al., 1998). Concurrent to this study, we at-
tempted to isolate P. multocida from wet-
lands where avian cholera outbreaks oc-
curred, using the same sampling and iso-
lation procedures described in this study.
During the winters of 1996-99, we recov-
ered 51 P. multocida isolates (49 serotype
1) from 20 (46%) of the 44 wetlands with
outbreaks. Pasteurella multocida was iso-
lated from 31 (7%) of 440 water samples
and from 20 (4.5%) of 440 sediment sam-
ples collected during or shortly following
epizootic events. Representative wetland
isolates were tested for virulence in Pekin
ducks (four ducks per isolate), with most
of the isolates being pathogenic (Samuel
et al., 2003). In addition, 17 of the wet-
lands we sampled during the fall were also
sampled the previous spring during avian
cholera outbreaks. During spring we re-
covered P. multocida serotype 1 from 41%
(seven) of these wetlands, and from 10%
(17) of the water and 2.4% (four) of the
sediment samples, but none of the samples
collected in the fall. For these samples col-
lected in the fall, 95% confidence intervals
indicated that <1% of the water and sed-
iment samples and <7% of the epizootic
wetlands we sample contained detectable
bacteria. Thus, although we cannot prove
that wetlands we sampled were completely
free of P. multocida, our data do not sup-
port the hypothesis that wetlands are an
important reservoir for avian cholera be-
cause the bacteria were not present in suf-
ficient amounts or in a sufficient number
of wetlands to ensure annual infection of
migrating waterbirds. Based on serologic
studies conducted on lesser snow geese
(Chen caerulescens caerulescens), we have
also found that many geese were infected
with the P. multocida serotype 1 bacteria,
but survived the infection (Samuel et al.,
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1999a, b). Further research has also con-
firmed that birds, especially snow geese,
are carriers of pathogenic strains of P. mul-
tocida and that enzootic transmission oc-
curs year round in these waterfowl (Sam-
uel et al., unpubl. data).

A persistent issue in the epizootiology of
avian cholera has been the identification of
a reservoir for the disease agent. Ambi-
guity about whether birds or wetlands are
the primary source of P. multocida has in-
hibited our understanding about factors
such as transmission, carrier birds, and
persistence of disease in waterfowl popu-
lations. Our study provides evidence that
wetlands are not a likely reservoir for the
bacteria, although wetlands likely play an
important role in disease transmission. Al-
ternatively, other studies give support to
the hypothesis that carrier birds are an im-
portant reservoir for the disease. Future
bird research should focus on their role in
maintaining disease throughout the year
and the role of environmental conditions
and other stressors on the initiation of dis-
ease outbreaks. Research on wetlands
should evaluate the role of wetlands in dis-
ease transmission and determine which
factors influence the growth of P. multo-
cida. Strategies for prevention and control
of avian cholera outbreaks should consider
that carrier birds are the most likely source
of disease outbreaks and disease spread.
Management actions that decrease poten-
tial disease transmission by separating car-
rier species from other species, reducing
stress factors that may precipitate epizo-
otic events, and reducing densities of wa-
terfowl offer potential strategies to mini-
mize the impact of avian cholera on wa-
terfowl and other bird populations.
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