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ABSTRACT: We conducted laboratory challenge trials using mallard ducks (Anas platyrhynchos)
to compare methods for detecting carriers of Pasteurella multocida, the bacterium that causes
avian cholera, in wild birds. Birds that survived the initial infection were euthanized at 2–4 wk
intervals up to 14 wk post challenge. Isolates of P. multocida were obtained at necropsy from
23% of the birds that survived initial infection. We found that swab samples (oral, cloacal, nasal,
eye, and leg joint) were most effective for detecting carrier birds up to 14 wk post infection. No
detectable differences in isolation were observed for samples stored in either 10% dimethysul-
foxide or brain heart infusion broth. The frequency of detecting carriers in our challenge trials
appeared to be related to mortality rates observed during the trial, but was not related to a
number of other factors including time after challenge, time delays in collecting tissues post-
mortem, and route of infection. In our trials, there was little association between antibody levels
and carrier status. We concluded that swabs samples collected from recently dead birds, stored
in liquid nitrogen, and processed using selective broth provide a feasible field method for de-
tecting P. multocida carriers in wild waterfowl.

Key words: Anas platyrhynchos, avian cholera, carrier, isolation, mallard, Pasteurella multo-
cida.

INTRODUCTION

Avian cholera, caused by the bacterium
Pasteurella multocida, is the most impor-
tant infectious disease affecting North
American waterfowl (Friend, 1999). The
disease occurs almost annually as an acute
epizootic at waterfowl concentration areas
in the Central Valley of California, the
Rainwater Basin of Nebraska, areas of Tex-
as and Minnesota, and western Canada
(Wobeser et al., 1982; Botzler, 1991). Dur-
ing avian cholera epizootics it is not un-
common for thousands of waterfowl to die
(Brand, 1984; Botzler, 1991), with mortal-
ity from severe epizootics exceeding
20,000 birds (Brand, 1984; Friend, 1999;
Samuel et al., 1999a).

Although there are 16 different sero-
types of P. multocida (Rimler et al., 1984),
type 1 is principally responsible for water-
fowl mortality throughout the Pacific,
Central, and Mississippi flyways of North
America (Brogden and Rhoades, 1983;
Windingstad et al., 1983; Hirsh et al.,
1990; Wilson et al., 1995). White-fronted
geese (Anser albifrons) and lesser snow

geese (Chen chen caerulescens) appear to
be disproportionately represented in out-
breaks, but other species such as northern
pintail (Anas acuta) and mallards (Anas
platyrhynchos) are recovered regularly
during epizootics (Samuel, unpubl. data).
Two hypotheses have been proposed to ex-
plain the recurrence of avian cholera epi-
zootics: 1) P. multocida persists year-round
in the water, soil, or other reservoirs at
specific wetlands and 2) carrier birds re-
introduce the disease at migratory bird
staging and wintering areas. Previous wet-
land studies have been inconclusive, but
generally do not provide strong support for
the hypothesis that wetlands serve as the
reservoir for avian cholera epizootics (Bot-
zler, 1991). In contrast, researchers have
argued that carrier birds (apparently
healthy birds with virulent P. multocida)
may serve as reservoirs for the bacteria
and initiate epizootics by infecting other
birds as they congregate on breeding and
wintering grounds. Following epizootics in
breeding snow geese on Banks Island, ap-
proximately 8% of the birds sampled had
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detectable antibody to P. multocida sero-
type 1, indicating recent infection (Samuel
et al., 1999a), and an estimated 50% of
these infected birds survived the disease
(Samuel et al., 1999b). However, serologic
techniques may be useful for measuring
infection from P. multocida, but are inad-
equate to detect carriers because birds
may develop antibodies without becoming
carriers (Rimler and Rhoades, 1989; Don-
nio et al., 1994) and antibodies may only
remain elevated for a few months follow-
ing infection (Samuel et al., 1999b). Thus,
determining prevalence of carriers using
isolation techniques, the relationship be-
tween antibody detection and carrier sta-
tus, and the role of carriers in avian chol-
era epizootics remain essential steps in de-
termining how avian cholera is spread and
understanding the ecology of this disease
(Samuel et al., 1999a, b).

Previous researchers have recovered P.
multocida from a number of tissues of ap-
parently healthy birds (see Botzler, 1991).
Oral and nasal swabs have been used to
detect carriers among domestic fowl
(Pritchett and Hughes, 1932; Iliev et al.,
1965; Heddleston, 1975). In addition,
Heddleston (1975) recommended the use
of cotton swabs under the eyelid as a tech-
nique to find P. multocida in carrier birds.
In a study of domestic ducks and geese,
Muhairwa et al. (2000) found birds had P.
multocida in their pharynx and cloaca.
Among wild birds, the bacterium has been
isolated from livers and spleens of Amer-
ican coots (Fulica americana) from Mis-
souri (Vaught et al., 1967), the oropharynx
of one of 357 nesting common eiders (So-
materia mollissima) from Maine (Korsch-
gen et al., 1978), lungs of 16 of 172 wild
waterfowl and 15 of 37 California gulls
(Larus californicus) (Titche, 1979), and
the pharyngeal swabs of arctic nesting less-
er snow geese (Samuel et al., 1999b).
However, most of the isolates recovered
were not serotyped or tested for pathoge-
nicity, therefore little is known about
which tissues are most likely to harbor
pathogenic P. multocida serotype 1 in ap-

parently healthy wild birds. As a result, ap-
propriate methods for determining the
carrier status of birds, especially water-
fowl, have been a substantial barrier in val-
idating the carrier hypothesis and subse-
quently understanding the role of carrier
birds in this disease.

The objective of our study was to eval-
uate different tissue samples and isolation
methods for detecting P. multocida in car-
rier waterfowl. We also evaluated different
preservation methods, time delays in pro-
cessing tissues postmortem, time of sam-
ple collection post-infection, and route of
infection to compare their effect on de-
tecting low densities of P. multocida likely
to occur in carrier birds. Our goal was to
optimize our ability to recover the bacteria
from field samples collected from wild
birds in future studies.

MATERIALS AND METHODS

One hundred and twenty 6–8 wk old male
mallards obtained from Whistling Wings, Inc.
(Hanover, Illinois, USA) were banded and sep-
arated into four groups of 30 birds and housed
in separate isolation rooms (approximately 22
m2) at the National Wildlife Health Center
(NWHC). Birds were habituated to the isola-
tion rooms for 1–3 wk prior to challenge. In
the experimental design for our challenge
study, each isolation room represented a sepa-
rate trial. For each of our four trials, two
groups of 10 birds were injected subcutane-
ously in the dorsal caudal region of the neck
with 0.2 ml of a logarithmic growth phase cul-
ture of P. multocida serotype 1. The eight iso-
lates (two per isolation room) used in the chal-
lenge trials were recovered from sediment and
water samples from different wetlands during
previous avian cholera outbreaks (Table 1). Ten
birds in each room (nine in Room 3) served as
unchallenged, contact controls to determine if
P. multocida was transmitted among birds. To
promote higher survivorship in challenged
ducks and increase the likelihood of carrier
birds, isolates used in the challenge study were
of lower virulence (killed 0–50% of birds in
previous challenge trials) than most of our field
isolates (Samuel, unpubl. data). The four trials
were conducted sequentially, with approxi-
mately 1 wk separation, except for the last two
trials in Rooms 3 and 4, which began simulta-
neously.

One third of the ducks were randomly se-
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lected and serologically tested for serum anti-
bodies to P. multocida prior to challenge trials
to confirm there was no previous infection of
the flock with the bacterium. Surviving birds
were also tested 2 wk post-challenge to deter-
mine if seroconversion occurred, indicating
they had been infected with P. multocida.
Blood samples were divided into two equal vol-
umes and one aliquot was centrifuged (4503G)
within 2 hr following collection. For half of the
birds, the remaining aliquot was centrifuged at
8 hr, and for the other half at 12 hr following
collection, to determine if serum antibody titer
deteriorated postmortem. These blood samples
were refrigerated at approximately 5 C until
centrifugation, then serum was removed and
frozen (220 C) until an enzyme-linked immu-
noassay (ELISA) was conducted to measure
antibodies.

Serum antibody against P. multocida sero-
type 1 was measured using the ELISA proce-
dure described by Samuel et al. (1999b) with
the following modifications. The P. multocida
cells used to prepare a new lot of antigen were
disrupted using a French press and the dis-
rupted cells were passed through the French
press a second time producing a concentration
of 432 mg/ml as determined by the Bradford/
BioRad micro protein assay (Bradford, 1976).
The ELISA procedure was optimized following
the methods described by Crowther (2001),
providing serum dilutions of 1:100, conjugate
dilution of 1:300, and substrate incubation time
of 45 min. The 96-well Falcon 3915 Pro-Bind
assay microtitration plate was replaced by F96
Polysorp Nunc-immuno plate (Nalge Nunc In-
ternational, Rochester, New York, USA). The
final concentration of antigen for the microti-
tration plate was 8.3 ng per well. Absorbances
(optical density) were obtained on a Biokinetics
reader, model EL800-PC, (Bio-Tek instru-
ments, Inc., Winooski, Vermont, USA). Sera
from captive snow geese with negative and low
positive antibody pools used to standardize the
ELISA were increased from four to 10 birds.
The negative control pool consisted of pre-vac-
cination sera and the low positive control pool
consisted of sera taken 8 wk post-vaccination
(Samuel et al., 1999b). Several minor proce-
dural changes were also implemented in the
ELISA to reduce within plate and between
plate variations. Due to these modifications in
the ELISA methods and the use of new re-
agents, we compared the results obtained by
Samuel et al. (1999b) for Bank’s Island snow
geese to the present ELISA. We selected 96
snow goose sera with ELISA value percent
(EV%) levels ranging above and below the cut-
off for indicating a positive level of P. multocida
antibody.

For each of the four challenge trials, swab
samples (nasal, oral, cloacal) were collected pe-
riodically (approximately 2–3 wk intervals) from
surviving birds for 9–12 wk post-challenge to
determine if shedding of P. multocida occurred.
Beginning 4 wk post-challenge, and at 1–4
week intervals, approximately 25% of the sur-
viving birds in each trial (approximately five
birds per room, including contact control birds)
were euthanized and tissues were collected to
test for the presence of P. multocida. All birds
were euthanized by cervical dislocation. Car-
casses were refrigerated (approximately 5 C)
postmortem, until dissection. Birds were dis-
sected and tissues collected at one of three
time intervals (2–4 hr, 4–8 hr, or 8–12 hr) post-
mortem, to determine whether a delay in pro-
cessing carcasses affected successful isolation of
P. multocida from carrier birds. Immediately
prior to tissue sampling, blood was collected by
heart puncture and centrifuged as soon as pos-
sible (within 2–6 hr after collection) and the
serum frozen (-20 C) until antibody testing by
ELISA was conducted. Initially, tissue samples
of the liver, spleen, lung, trachea, bone marrow,
appendix, Meckel’s diverticulum, brain, and
swabs of the leg joint, cloaca, surface of the
eye, and nasal cleft were collected from each
carcass for P. multocida isolation. Beginning at
6 and 10 wk post-challenge respectively, swabs
of the oral cavity and cecal tonsil tissues were
also collected. Ten wk after the start of the tri-
als, we decided to discontinue collection and
processing of fresh tissues of the liver, spleen,
lung, bone marrow, trachea, appendix, and
Meckel’s diverticulum. Small sections of each
tissue (approximately 0.1 g) were collected and
put into cryovials containing 1.25 ml of either
brain heart infusion broth (BHI) or 10% di-
methylsulfoxide (DMSO) and pulverized using
the blunt end of two plastic handled cotton
swabs. Two swabs from each of the leg joint,
nasal cleft, cloaca, oral cavity, and surface of
eye were collected and stored in BHI (1–2 ml)
and DMSO (1–2 ml) by snapping the tip of the
swab off into cryovials containing each media.
Each of the tissue and swab samples were pro-
cessed within 2–4 hr after necropsy (fresh sam-
ples) by removing some of the sample liquid
from the vial with a cotton swab, swabbing 1/5
of a blood agar plate (BAP), and streaking for
bacterial isolation. After incubating for 20–24
hr at 37 C with 5–10% CO2 the BAP were ex-
amined for colonies similar in appearance to P.
multocida. Suspect P. multocida colonies were
identified based on colony morphology and fur-
ther examined by Gram stain. Pasteurella mul-
tocida-like, Gram-negative isolates were sero-
typed using the agarose gel precipitin (AGP)
test (Heddleston et al., 1972), and identified
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FIGURE 1. Daily mortality (%) of mallard ducks
challenged with Pasteurella multocida and contact
control birds, 0–15 days post-challenge.

using the analytical profile index (API) 20E
identification system (bioMerieux, St. Louis,
Missouri, USA) or confirmed based on the typ-
ical fermentation pattern of six sugars (dextrose
1, lactose 2, maltose 6, sucrose 1, mannitol
1, and dulcitol 2). Vials containing the re-
maining swabs or tissues were stored in liquid
nitrogen (-210 C) until processing (frozen sam-
ples). A comparison of isolations obtained from
fresh and frozen samples was used to deter-
mine what effect liquid nitrogen storage and
selective enrichment had on P. multocida iso-
lation in our tissue and swab samples.

Frozen samples were thawed at approxi-
mately 20 C and the full contents (1.25 ml me-
dia plus sample volume) in each vial were emp-
tied into a culture tube containing 5 ml of BHI
broth. Each tube was incubated for 2 hr at 37
C with shaking (100 revolutions per minute) for
pre-enrichment. Following incubation, 2 ml of
the broth was transferred to a tube containing
5 ml of Pasteurella multocida selective media
(PMSB) (Moore et al., 1994) and incubated for
12–16 hr at 37 C with 5–10% CO2. Following
this second incubation, the tubes were thor-
oughly mixed and 1/5 of a BAP was swabbed
and streaked for bacterial isolation, incubated,
and suspect P. multocida colonies were identi-
fied by Gram stain and API 20E, as indicated
above for fresh samples.

We used logistic regression in LogXact
(Mehta and Patel, 1996) to analyze the propor-
tion of euthanized mallard ducks that had P.
multocida recovered from swabs or tissues (car-
riers). Analyses were conducted using covari-
ates to determine the effects that different ex-
perimental variables might have on the propor-
tion of ducks determined to be carriers. These
covariates included: challenged vs. contact con-
trol birds, different trials (isolation rooms),
weeks since challenge, postmortem time until
dissection, and seroconversion at time of nec-
ropsy. We used kappa statistics (Agresti, 1996)
to assess the degree of agreement between car-
rier and seroconversion status of ducks at nec-
ropsy. A paired t-test (Zar, 1984) was used to
compare ELISA titers of the initial sample to
sera processed at 8 and 12 hr following collec-
tion from birds 2 wk post-challenge. We used
Pearsons’s correlation and kappa statistics
(Agresti, 1996) to assess the similarity of anti-
body titers from Banks Island snow geese re-
ported by Samuel et al. (1999b) with results
obtained from our revised ELISA procedures.

RESULTS

Of the 120 mallards obtained for the
laboratory challenge study, three birds
with health problems or mortality unrelat-

ed to avian cholera were excluded from
our analyses. One additional mallard that
showed no obvious signs of illness was eu-
thanized on its assigned schedule (5 wk
post-challenge); numerous lesions were
found and the bird was diagnosed with
amyloidosis. This bird yielded isolates of P.
multocida from numerous tissues, so it was
not excluded from our analyses.

Mortality in the challenged groups oc-
curred rapidly, most birds died within 36
hr after inoculation, and all deaths oc-
curred within 5 days post-challenge. By
contrast, birds in the contact control
groups were unaffected for 2–4 days post-
challenge and had a more prolonged pe-
riod of mortality (3–15 days post-chal-
lenge), with most deaths occurring 3–7
days after challenge (Fig. 1). Mortality of
ducks challenged with P. multocida isolates
varied from 10–50% and contact control
groups experienced mortality ranging from
0–50% (Table 1). In Room 4, a higher pro-
portion of ducks in the contact control
group died compared to challenged ducks.
The total mortality was slightly higher for
challenged birds (26%) than contact con-
trol birds (21%). Pasteurella multocida se-
rotype 1 was isolated from all the livers of
ducks that died, except the bird diagnosed
with amyloidosis. Isolates were confirmed
with either API 20E or based on the typ-
ical sugar fermentation pattern.

We recovered P. multocida serotype 1
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TABLE 2. Recovery of Pasteurella multocida from challenged and contact control mallard ducks dissected at
different elapsed times following euthanasia.

Elapsed time

Challenged ducks

n Positive

Control ducks

n Positive

Total

n Positive

2–4 hr
4–8 hr
8–12 hr
Unknown

20
25
10
2

25%
20%
10%

0%

8
17

6
0

38%
18%
50%

0%

28
42
16

2

29%
19%
25%
0%

Total 57 19% 31 29% 88 23%

TABLE 3. Proportion of challenged and contact control mallard ducks with Pasteurella multocida isolated
from euthanized birds 4–14 wk post-challenge.

Weeks
post-challenge

Challenged ducks

n Positive

Control ducks

n Positive

Total

n Positive

4–6
9–11

12–14

15
20
22

27%
14%
18%

10
9

12

30%
33%
25%

25
29
34

28%
21%
21%

Total 57 19% 31 29% 88 23%

using swabs from 13 (14%) of 90 live mal-
lards (Table 1) sampled periodically after
challenge. Most isolates were obtained
from swab samples collected 2 wk post-
challenge, our first sampling period. One
bird also was culture positive at 4 wk post-
challenge, with isolates from oral and nasal
swabs at 2 and 4 wk sample periods. Over-
all, 16 isolates were recovered from swab
samples of live birds: six oral swabs, three
nasal swabs, and seven cloacal swabs. Iso-
lates were recovered from most of the
treatment groups, except those in Room 3
and the contact control group in Room 4.
The prevalence of P. multocida shedders
was higher in the challenged birds (17%)
than the contact control birds (9%). Iso-
lates from these 13 birds were also con-
firmed using sugar fermentation patterns.

We recovered P. multocida serotype 1
(confirmed with API 20E) from 23% of
the euthanized ducks that survived chal-
lenge (Tables 2, 3). We isolated P. multo-
cida from 19% of the challenged birds and
29% of the contact control birds. Birds dis-
sected at 2–4 hr, 4–8 hr, or 8–12 hr post-
mortem had similar rates of P. multocida
recovery (Table 2). The proportion of eu-

thanized ducks with P. multocida isolates
was fairly evenly distributed post-chal-
lenge (Table 3). Logistic regression indi-
cated that isolation room (P50.04) was the
only covariate that explained differences in
the frequency of ducks where P. multocida
were isolated at necropsy. The bacterium
was recovered from 0 (0%) of 24 birds in
Room 3, 2 (9%) of 23 birds in Room 5, 8
(40%) of 20 birds in Room 6, and 10
(48%) of 21 birds in Room 4. None of the
remaining covariates explained differences
in the proportion of carriers detected:
challenged vs. contact control birds
(P50.30), weeks since challenge (P50.88),
postmortem time until dissection
(P50.67), or seroconversion (P50.72).

Oral swabs frozen in liquid nitrogen and
processed in PMSB accounted for 16
(80%) of the 20 culture positive birds (Ta-
ble 4) euthanized post-challenge, with iso-
lates from swabs stored in BHI (12 of 82
birds) recovered as frequently as those
preserved in DMSO (14 of 83 birds). We
also isolated P. multocida from the brain
and several swabs (cloaca, nares, eye, and
leg joint) of one of these 16 ducks. From
the other four positive birds, isolates were
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TABLE 4. Pasteurella multocida isolates from euthanized mallard ducks. Samples were preserved in either
brain heart infusion broth (BHI) or 10% dimethylsulfoxide (DMSO) and processed either fresh or frozen.

Sample type

Processing and preservation methods

Fresh BHI Fresh DMSO Frozen BHI Frozen DMSO

Leg joint swab
Cloacal swab
Eye swab
Oral swab
Nasal swab
Liver tissue
Spleen tissue
Lung tissue
Tracheal tissue
Bone marrow tissue
Appendix tissue
Meckel’s diverticulum tissue
Brain tissue
Cecal tonsil tissue

88a (1)b

88 (2)
87 (1)
82 (0)
88 (1)
25 (0)
24 (0)
25 (0)
25 (0)
25 (1)
25 (0)
25 (1)
88 (0)
63 (0)

88 (0)
88 (1)
87 (1)
83 (0)
88 (1)
25 (0)
24 (0)
25 (0)
25 (0)
25 (0)
25 (0)
25 (1)
88 (1)
63 (0)

88 (1)
88 (2)
87 (1)
82 (12)
88 (2)
88 (0)
87 (0)
88 (1)
88 (0)
88 (0)
88 (0)
88 (1)
88 (2)
63 (0)

88 (0)
88 (3)
87 (1)
83 (14)
88 (2)
88 (0)
87 (0)
88 (0)
87 (0)
88 (0)
88 (0)
88 (1)
88 (2)
63 (0)

Total 758 (7) 759 (5) 1199 (22) 1198 (23)

a Number of swabs or tissues processed.
b Number of swabs or tissues yielding P. multocida isolates.

obtained from the cloacal swab of one
bird, the nasal swabs of two birds, and nu-
merous tissues (lung, Meckel’s diverticu-
lum, brain, and cloacal swab) of the bird
that was diagnosed with amyloidosis. Pas-
teurella multocida was not isolated from
any of the other tissues collected (liver,
spleen, appendix, and cecal tonsil). There
appeared to be little association between
culture results from swabs collected from
live birds and samples from subsequently
euthanized birds. Four of the 13 live birds
that were culture positive from swabs at 2
wk post-challenge were also positive for P.
multocida at necropsy, 4–9 wk post-chal-
lenge. At necropsy, P. multocida were re-
covered from numerous tissues of two of
these birds. Isolates from the other two
birds at necropsy were from oral swabs;
however, bacteria were isolated from other
swab samples at 2 wk post-challenge. We
were unable to isolate the bacteria from
the remaining nine live sample culture
positive birds at the time of necropsy, 5–
14 wk post-challenge. Similarly, we were
unable to isolate bacteria from swab sam-
ples at 2 wk from 16 of the live ducks that
were culture positive at necropsy.

Processing of fresh tissues and swabs

was used to determine what effect liquid
nitrogen storage had on P. multocida iso-
lation in our tissue and swab samples.
With the exception of the bird diagnosed
with amyloidosis, which produced P. mul-
tocida isolates from fresh samples of bone
marrow, Meckel’s diverticulum, and brain
tissues, we were unable to isolate P. mul-
tocida from fresh tissues. Comparison be-
tween different methods (fresh vs. frozen
samples) indicated that processing frozen
samples using PMSB selective enrichment
was more effective than processing fresh
samples without PMSB for recovering P.
multocida isolates from carcasses (Table
4). This was especially true for frozen oral
swabs, which had the highest recovery rate
of P. multocida isolates.

We found significant correlation
(r50.85, n596, P,0.0001) between our
previous antibody titer levels measured for
the 96 Bank’s Island snow geese (Samuel
et al., 1999b) and antibody titers from the
ELISA we used for mallards. Using a
threshold ELISA of 17.5 EV% to indicate
seroconversion provided good agreement
(k50.83) between the two ELISA proce-
dures. This threshold produced a slightly
lower seropositive rate, 47% positive for
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FIGURE 2. Antibody titer as ELISA value percent
(EV%) for challenged mallard ducks pre- and post-
challenge. Circles indicate mean estimate and sample
size is indicated on top61 standard error bars. Spline
fit to the EV% data and positive threshold level (17.5
EV%).

the new ELISA compared with 49% for
the original ELISA for snow geese. The
paired t-test on ELISA results for sera
processed at different times following col-
lection from euthanized birds showed that
initial EV% levels were significantly
(P50.001, n522) lower by 1.6 EV% than
those processed after 8 hr. However, there
was no difference (P50.91, n521) be-
tween the initial EV% levels and sera that
were held for 12 hr.

Pre-challenge antibody titers were neg-
ative for all 40 birds sampled (range 27.9
EV% to 0.6 EV%). In challenged birds,
antibody titers increased dramatically from
pre-challenge levels to 2 wk post-challenge
(54 EV%) and slowly decreased during the
remainder of the study (Fig. 2). In con-
trast, the antibody response of the contact
control birds was lower at 2 wk post-chal-
lenge (22 EV%), slower to peak (64 EV%
at 4 wk), and was more variable at the end
of the study than the antibody response in
challenged birds. By 13 to 14 wk post-chal-
lenge antibody response in many of the
challenged birds was lower than our posi-
tive threshold level of 17.5 EV%. Higher
titers in some contact control birds oc-
curred later in the study and likely reflect-
ed later infection of susceptible birds. An-
tibody titers of mallards surviving chal-
lenge indicated that challenged birds se-
roconverted with greater frequency (52
positive of 58 sampled, 90%) than the con-

tact control birds (18 of 32 positive, 56%)
over the course of the experiment (Table
1). Four (8%) of 50 challenged birds had
not seroconverted after 2 weeks, and two
(3.8%) of these were still seronegative at
necropsy. In contrast, 14 (47%) of 30 con-
tact control birds were seronegative 2 wk
post-challenge, and 10 of these birds
(33%) remained seronegative at necropsy.
In Room 3 only one of nine contact con-
trol birds seroconverted during the study.
We found little association between sero-
conversion and detection of carriers for
birds at necropsy (k50.12). We detected
P. multocida in 14 (29%) of the 49 birds
that were seropositive and in 6 (15%) of
the 39 birds that were seronegative at nec-
ropsy. Of the 39 birds that were seroneg-
ative at necropsy, 20 (61%) of 33 sampled
2 wk post-challenge were seropositive, but
antibody levels had declined below our
positive threshold by the time of necropsy.

DISCUSSION

Using field isolates of P. multocida with
relatively low virulence and low concentra-
tions of bacteria in our inoculation doses,
we successfully challenged mallard ducks
without causing overwhelming mortality.
These birds transmitted bacteria to contact
control mallards housed in the same iso-
lation room. Swab samples from chal-
lenged and contact control birds indicated
that transmission probably occurred by
both oral and cloacal shedding. Mortality
in contact control birds began within 3
days following inoculation of challenged
birds, indicating that transmission oc-
curred rapidly post-challenge. Contact
control birds died over a more prolonged
period than challenged birds, indicating ei-
ther infection with a smaller quantity of
the P. multocida bacteria and/or that trans-
mission of bacteria to contact control birds
occurred over an extended period of time.
Some of the contact control birds serocon-
verted late in the study, especially in Room
5, indicating extended transmission of bac-
teria. Many of the contact control birds
that survived remained seronegative
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throughout the study (44%), indicating
they may not have been infected with P.
multocida. In contrast, $90% of the chal-
lenged birds became seropositive during
the trial.

We isolated P. multocida from both
challenged and contact control birds from
4–14 wk post-challenge providing evi-
dence that birds can be carriers of the
agent that causes avian cholera. Because
our study was terminated at 14 weeks, we
are uncertain how long birds can remain
carriers of P. multocida. Previous authors
(Pritchett et al., 1930a, b; Pritchett and
Hughes, 1932; Wobeser, 1997) have sug-
gested that birds can remain carriers for
their lifetime. We detected carriers in ap-
proximately 20% of our challenged and
contact control birds using a variety of tis-
sue and swab samples and several different
preservation and culture methods. We
found little association between detection
of carriers and serconversion of birds at
necropsy, thus we suspect that antibody
levels are not a reliable indicator of carrier
status in wild birds. Antibody levels de-
clined within 3–4 mo following infection;
however, we found no indication that the
proportion of carriers declined during this
time period. Antibody levels may be useful
to determine the incidence of infection in
wild birds, but this does not appear to be
a valid measure of carrier prevalence.

Logistic regression analysis showed that
difference among isolation rooms was the
only significant factor affecting our ability
to recover the bacteria, and recovery was
not substantially affected by challenge or
control status, the number of weeks post-
challenge that birds were tested, or delays
of ,12 hr in conducting dissections of eu-
thanized birds. Some of these findings
were contrary to our expectations. We pre-
dicted detection of carrier birds would de-
cline with the amount of time after infec-
tion. However, it may be that the length
of our study was too short for a substantial
reduction in the prevalence of carrier birds
or that sample sizes used in our study were
insufficient to document a minor reduc-

tion in prevalence of carriers. We also pre-
dicted that detection of carriers might be
affected by delays in dissecting birds. We
were encouraged to find that delays of 8–
12 hr did not adversely affect our ability
to detect carriers. This result should facil-
itate obtaining suitable samples for detect-
ing P. multocida carriers from birds col-
lected under field conditions. We hoped
that detection of carriers would be similar
between challenged and contact control
birds because this would indicate that
birds challenged by injection were similar
to birds infected by ‘‘natural’’ transmission.
While this prediction was supported, in-
terpretation of the results may be complex
because a large portion of the contact con-
trol birds never seroconverted, and there-
fore may never have become infected with
P. multocida. Despite the similarity in de-
tection rates between challenged and con-
tact control birds, it should be recognized
that we used an unnatural route of infec-
tion that may have affected our results.

Finally, we expected the frequency of
carriers would be related to the virulence
of isolates used in the challenge trial. In
particular, previous authors have speculat-
ed that less virulent isolates, which may
occur near the end of outbreaks, would
produce more sick birds and birds which
survive to become carriers (Rosen and Bis-
choff, 1949; Rosen and Morse, 1959; Bot-
zler, 1991). We found significant differenc-
es in detection of carriers among the trials
conducted in different isolation rooms.
Trials with the highest rates of mortality
from P. multocida had the highest preva-
lence of carriers. In contrast, trials with
the lowest rates of mortality had the lowest
prevalence of carriers. Perhaps birds are
able to completely clear isolates of lower
virulence from their tissues or more viru-
lent isolates create a higher frequency of
carriers among birds that survive infection.
These results appear contrary to the pre-
diction that less virulent isolates produce
more carriers and we believe further re-
search is needed on this subject. However,
two cautions should be considered in in-
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terpreting our results: 1) different chal-
lenge doses used in our trials (especially
Room 6) make direct comparison of viru-
lence difficult and 2) we purposely select-
ed P. multocida isolates of lower virulence.

We found that swab samples (oral, nasal,
cloacal, eye, and leg joint) preserved in liq-
uid nitrogen using either BHI or DMSO
and cultured in PMSB provided a suc-
cessful method for recovering P. multocida
isolates. This result was auspicious because
swab samples are much easier to collect
from wild birds than tissue samples. Swab
samples are also easier to preserve and
culture in the laboratory than tissue sam-
ples. In addition, the minor delays (,8–12
hr) required in collecting samples from
dead birds in the field did not appear to
adversely affect our ability to detect car-
riers. We suspect the difficulty we had in
isolating P. multocida from fresh tissues
and swab samples occurred because we
did not use PMSB to enrich these samples.
Some delay in processing blood samples
from carcasses may provide a decline in
measured antibody titer, but the magni-
tude of this change appeared of little con-
sequence unless birds had antibody titers
near our positive threshold level. To max-
imize the opportunity to detect carriers in
wild birds, we recommend that tissue and
swab samples are collected and preserved
as soon as possible after mortality and de-
lays of .8 hr in processing should be
avoided.

Although P. multocida isolates have
been recovered from wild waterfowl (see
Botzler, 1991; Wobeser, 1992), only Sam-
uel et al. (1997) determined the serotypes
of the isolates and demonstrated that the
isolates were virulent. Samuel et al. (1997)
reported recovering only a single P. mul-
tocida serotype 1 isolate from .3,400
adult snow geese (Samuel et al., 1999b).
Based on results presented in this study,
we suspect the sampling and preservation
methods used by Samuel et al. (1997)
were insufficient to insure adequate isola-
tion of P. multocida in carrier birds. We
suspect the sampling and preservation

methods developed in this study will fail
to detect all birds that may be carriers. For
example, we isolated P. multocida from ap-
proximately 20% of the ducks that sur-
vived challenge. At present we are uncer-
tain whether many survivors were able to
clear all the bacteria from their tissues or
whether we were simply unable to detect
the bacterium using our sampling, pres-
ervation, and culturing methods.
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