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ABSTRACT: Many seabirds are rehabilitated annually by wildlife rehabilitation centers along the
Pacific Coast, USA. Although various strains of zoonotic bacteria have been isolated from seabirds,
risks to rehabilitators at these centers have not been well documented. From November 2001
through January 2003, we determined the prevalence of detectable enteric fauna by isolation and
characterization of Gram-negative bacteria from cloacal swabs taken from 26 common murres
(Uria aalge), 49 gulls (Larus spp.), and 14 other seabirds treated by rehabilitators in California
and Washington (USA). At least 25 bacterial species were identified, including multiple strains
of Escherichia coli, as well as Enterobacter cloacae, Citrobacter freundii, and Klebsiella pneumoniae. Antibiotic resistance was found in 13 of 19 bacterial isolates tested, including E. coli, K.
pneumoniae, Acinetobacter baumanii, and Pseudomonas aeruginosa. Potential transfer of these
bacteria poses a risk to wildlife rehabilitators and to seabirds in these centers, as well as to freeranging birds.
Key words: Antibiotic resistance, rehabilitation centers, seabirds, zoonotic bacteria.

INTRODUCTION

Each year, thousands of seabirds affected by oil contamination, injury, or illness are brought to rehabilitation centers
along the Pacific Coast of the continental
USA. These centers are staffed by veterinarians, technicians, and volunteers. The
birds under the care of the centers are
treated and, when possible, released back
to the wild. Seabirds are particularly vulnerable to the effects of oil contamination
(Jessup and Leighton, 1996); in larger oil
spills, hundreds of seabirds may be treated at a center in a matter of days or
weeks. Two of the most abundant avian
groups on the Pacific Coast of the USA
are common murres (Uria aalge) and
gulls (Larus spp.) (Sibley, 2000). Common murres frequently are affected by oil
during marine spills (Debacker et al.,
1997), and both common murres and
gulls routinely come into contact with humans at rehabilitation centers on the Pacific Coast (Smith et al., 2002).
Rehabilitation workers come into close
contact with these birds, their feces and
other body fluids, and soiled bedding ma735
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terials. Animals stressed by illness, capture, and captivity are more likely to shed
potentially pathogenic bacteria than are
healthy, free-ranging birds (Smith et al.,
2002). Because many enteric zoonotic bacteria are transmitted by the fecal-oral
route, seabirds in rehabilitation centers
may serve as sources of disease agents.
Conversely, seabirds also may acquire
pathogenic bacteria at rehabilitation centers, and once they are released back to
the wild, they could spread potential pathogens to free-ranging seabird populations
(Ziegerer et al., 2002).
Zoonotic Gram-negative bacteria previously isolated from seabird species include, but are not limited to, Salmonella
spp., Campylobacter spp., and Yersinia
spp. (Kapperud and Rosef, 1983). In humans, these bacteria can cause gastroenteritis, respiratory symptoms, septicemia,
and even mortality; for example, the multiple and ubiquitous strains of Salmonella
pose a considerable public health threat
and are often associated with disease outbreaks (Velge et al., 2005).
The liberal use of antibiotics in medi-
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cine and animal husbandry over the course
of decades has fostered the selection of resistant bacteria (Tomasz, 1994). The rise in
multi-drug resistant pathogenic and commensal bacteria is of global concern, because it can lead to increased human and
domestic animal healthcare costs and increased morbidity and mortality (Williams
and Heymann, 1998). Ziegerer et al.
(2002) found that the number of antibiotic-resistant strains of bacteria isolated
from birds at Tufts University Veterinary
Clinic (Grafton, Massachusetts, USA) increased while birds were in the clinic. To
better assess the risks of exposure to zoonotic bacteria by rehabilitation workers,
free-living wild birds, and birds brought to
rehabilitation centers, it is essential to first
establish the zoonotic bacteria carried by
birds in rehabilitation centers as well as
any antibiotic resistance carried in these
bacteria.
Our objectives were to survey seabirds
in rehabilitation centers to compare
prevalences of enteric species between
and among groups of common seabirds,
as well as to compare bacterial species
richness between rehabilitation centers
(with an n value of at least six per bird
family). In addition, we investigated the
potential pathogenicity to humans of selected isolates of Escherichia coli by testing for the presence of toxin genes. Finally, we tested antibiotic resistance in
isolates that were selected to represent a
variety of bacterial species as well as possible variation in strains among host species. This information was used to assess
which bacteria might pose a risk to rehabilitators working with seabirds and
others birds in these centers, as well as
free-living wild birds.
MATERIALS AND METHODS

Seabirds were sampled at rehabilitation centers in California and Washington from November 2001 to January 2003 (Steele, 2003).
Eighty-nine birds representing 16 species were
sampled, with the highest numbers from the
families Laridae and Alcidae (Table 1). Birds
were sampled from the Humboldt Wildlife
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Care Center, Arcata, California (USA;
40.723598N, 123.862258W), in November and
December 2001; the San Francisco Bay Oiled
Wildlife Care and Education Center, Cordelia,
California (38.245708N, 122.009848W), in January, April, May, and June of 2002; the Progressive Animal Welfare Society (PAWS) Wildlife Center, Lynwood, Washington (USA;
47.626918N, 122.128818W), in January, April,
and August 2002, and January 2003; and the
Los Angeles Oiled Bird Care and Education
Center, San Pedro, California (33.7338948N,
118.2914258W), in July 2002. Any birds that
had been treated with antibiotics were excluded from the study.
Birds were identified to species and age category (juvenile or adult) (Sibley, 2000) and examined briefly for ectoparasites. Cloacal swabs
were obtained by inserting a sterile Cultureswab with Cary-Blair transport medium (Becton
Dickinson and Company, Sparks, Maryland,
USA) into the cloaca and gently rotating the tip
against the mucosa. Swabs were then immediately returned to the sleeve. Samples were kept
at ambient temperature (approximately 25 C)
until inoculation. Fifty-five samples were inoculated ,48 hr (62%) from the time of sampling, and 34 samples were inoculated .48 hr
(38%) from the time of sampling.
A fecal suspension in 1.0 ml sterile saline
(0.85% NaCl) was made for each Cultureswab.
The suspension was plated onto four different
culture media. The initial isolation media used
were MacConkey agar (Difco, Becton Dickinson and Company), Levine EMB agar (BBL,
Becton Dickinson and Company), trypticase
soy agar with 0.5% yeast extract (TSA/YE; Difco, Becton Dickinson and Company), and tetrathionate broth with iodine (Difco, Becton
Dickinson and Company). All plates were examined after 24, 48, and 72 hr of incubation at
37 C in an aerobic chamber. After 24 hr, subcultures were made from the tetrathionate
broth onto Salmonella-Shigella agar (BBL,
Becton Dickinson and Company). Representatives of all distinct colony types were Gram
stained and subcultured for purity onto a TSA/
YE plate. We stored each purified isolate on
TSA/YE slants at 4 C.
Each isolate was inoculated into Kligler’s
Iron Agar (Difco, Becton Dickinson and Company) and SIM medium (BBL, Becton Dickinson and Company) to test for hydrogen sulfide production, glucose and lactose fermentation, indole production, and motility. Capacity
to grow on MacConkey agar was tested for all
isolates not originally cultured from MacConkey agar. Representative Gram-negative
isolates of all distinct organisms were identified
using the API-20E differentiation system
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TABLE 1. Birds sampled from rehabilitation centers in California and Washington (USA), November 2001
to January 2003.
No. of birds from each center
Family

Gavidae
Podicipedidae

Procellariidae
Phalacrocoracidae
Anatidae
Laridae

Alcidae

Species

Red-throated loon (Gavia stellata)
Pacific loon (Gavia pacifica)
Eared grebe (Podiceps nigricollis)
Pied-billed grebe (Podilymbus podiceps)
Western grebe (Aechmophorus occidentalis)
Sooty shearwater (Puffinus griseus)
Brandt’s cormorant (Phalacrocorax penicillatus)
Red-breasted merganser (Mergus serrator)
Ring-billed gull (Larus delawarensis)
California gull (Larus californicus)
Herring gull (Larus argentatus)
Thayer’s gull (Larus thayeri)
Western gull (Larus occidentalis)
Glaucous-winged gull (Larus glaucescens)
Other gulls (Larus spp.)
Common murre (Uria aalge)
Rhinoceros auklet (Cerorhinca monocerata)

Total

Cordeliaa

Lynwoodb

1
1
1
4
0
0
1
1
1
2
0
0
9
0
0
19
2
42

0
0
0
0
0
1
0
0
0
1
0
3
3
16
4
6
0
34

Arcatac

0
0
0
0
1
0
1
0
0
0
3
0
1
0
2
1
0
9

Total

1
1
1
4
1
1
2
1
1
3
3
3
17d
16
6
26
2
89d

a

San Francisco Bay Oiled Wildlife Care & Education Center, Cordelia, California, USA (January, April, May, June 2002).
Progressive Animal Welfare Society Wildlife Center, Lynwood, Washington, USA (January, April, August 2002).
Humboldt Wildlife Care Center, Arcata, California, USA (November, December 2001).
d Additionally, samples were collected from four Western gulls at the Los Angeles Oiled Bird Care & Education Center, San
Pedro, California, USA, in July 2002.
b
c

(BioMérieux Vitek, Inc., Hazelwood, Missouri,
USA). Growth at 42 C was used to confirm the
identification of Pseudomonas aeruginosa and
Acinetobacter baumanii (Anonymous, 1992).
Initial typing of Salmonella spp. isolates was
performed at the Veterinary Medical Teaching
Hospital at the University of California in Davis, California (Smith et al., 2002). Salmonella
spp. serotyping was performed by the National
Animal Disease Laboratory (Ames, Iowa, USA)
(Edwards and Ewing, 1986).
Prevalences (number of birds infected/number of birds examined) of bacteria isolated were
compared between groups of birds with a Fisher Exact test using Number Cruncher Statistical Systems statistical software (Hintze, 2001).
We used a two-way general linear model analysis of variance (ANOVA) to examine differences in species richness of bacteria isolated
from common murres and gulls and between
two rehabilitation centers: San Francisco Bay
Oiled Wildlife Care and Education Center and
the PAWS Wildlife Center. P values of 0.05 or
less were considered significant. Species richness values were square-root transformed for
normality.
Forty-eight E. coli isolates were selected by
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their API 20E codes to represent the variability
within isolates recovered from all the birds, as
well as between species of birds. These were
tested for the presence of the following toxin
genes at the Gastroenteric Disease Center at
Pennsylvania State University (University Park,
Pennsylvania, USA): presence of shiga-toxin I
and II (Witham et al., 1996), heat-stable toxin
a, heat-stable toxin b, and heat-labile toxin
(Ojeniyi et al., 1994), entero-attaching and effacing gene (EAE) (Gannon et al., 1993), and
cytotoxic necrotizing factor 1 and 2 (Blanco et
al., 1996). Strains positive for toxin genes were
checked for the presence of alpha intimin
(Reid et al., 1999) and were serotyped (Orskov
et al., 1977).
Nineteen isolates from 15 birds were tested
for resistance against 16 antibiotics by IDEXX
Veterinary Services (Sacramento, California,
USA) on an automated system (VITEK,
BioMérieux Vitek, Inc.) using MIC breakpoints
established by the National Committee for
Clinical Laboratory Standards (Aucoin, 2000).
Isolates of E. coli, K. pneumoniae, Enterobacter
cloacae, A. baumanii, Ps. aeruginosa, and Salmonella spp. were tested against the antibiotics
amikacin, augmentin, ampicillin, carbenicillin,
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TABLE 2. Prevalences of Gram-negative bacteria from seabird families in rehabilitation centers of California
and Washington (USA), November 2001 to January 2003.
Isolates from each bird family
Bacteria isolated

Alcidae n528

Citrobacter freundii
Citrobacter youngae
Other Citrobacter spp.
Enterobacter aerogenes
Enterobacter amnigenus
Enterobacter cloacae
Enterobacter sakazakii
Escherichia coli
Escherichia fergusonii
Klebsiella oxytoca
Klebsiella pneumoniae
Klebsiella terrigena
Morganella morganii
Proteus mirabilis
Proteus penneri
Other Proteus spp.
Providencia alcalifaciens
Other Providencia spp.
Salmonella serotype Newport
Pseudomonas aeruginosa
Other Pseudomonas spp.
Acinetobacter baumanii
Other Acinetobacter spp.
Aeromonas hydrophila
Aeromonas salmonicida
All Gram negative
a
b

9
0
1
0
0
2
1
24
9
0
11
4
1
0
0
1
0
0
0
2
2
2
2
0
0
27

(32)b
(0)
(4)
(0)
(0)
(7)
(4)
(86)
(32)
(0)
(39)
(14)
(4)
(0)
(0)
(4)
(0)
(0)
(0)
(7)
(7)
(7)
(7)
(0)
(0)
(96)

Laridae n549

6
4
0
3
0
3
0
47
0
0
5
2
1
4
1
26
2
1
1
5
0
5
1
4
1
48

Podicipedidae n56

(12)
(8)
(0)
(6)
(0)
(6)
(0)
(96)
(0)
(0)
(10)
(4)
(2)
(8)
(2)
(53)
(4)
(2)
(2)
(10)
(0)
(10)
(2)
(8)
(2)
(98)

2
2
0
2
2
1
0
2
0
2
2
0
0
0
0
3
0
0
0
0
0
2
0
0
0
5

(33)
(33)
(0)
(33)
(33)
(17)
(0)
(33)
(0)
(33)
(33)
(0)
(0)
(0)
(0)
(50)
(0)
(0)
(0)
(0)
(0)
(33)
(0)
(0)
(0)
(83)

Misc.a n56

0
0
1
0
0
2
0
6
0
0
1
0
0
1
0
2
0
0
0
1
0
1
0
0
0
6

(0)
(0)
(17)
(0)
(0)
(33)
(0)
(100)
(0)
(0)
(17)
(0)
(0)
(17)
(0)
(33)
(0)
(0)
(0)
(17)
(0)
(17)
(0)
(0)
(0)
(100)

Total n589

17
6
2
5
2
8
1
79
9
2
19
6
2
5
1
32
2
1
1
8
2
11
3
4
1
86

(19)
(7)
(2)
(6)
(2)
(9)
(1)
(89)
(10)
(2)
(21)
(7)
(2)
(6)
(1)
(36)
(2)
(1)
(1)
(9)
(2)
(10)
(3)
(5)
(1)
(97)

From Families Gavidae, Procellaridae, Phalacrocoracidae, and Anatidae.
Number positive (%).

ceftazidime, ceftiofur, cephalothin, chloramphenicol, ciprofloxacin, enrofloxacin, gentamicin, piperacillin, tetracycline, ticarcillin, tobramycin, and tribrissen.
RESULTS

Gram-negative enteric bacteria were
isolated from 86 of 89 birds (97%) (Table
2). A mean (6SD) of 2.64 (61.34) different bacterial species was isolated per bird,
with a maximum of six isolated from four
different birds, two Western gulls (Larus
occidentalis) and two pied-billed grebes
(Podilymbus podiceps) from Cordelia. The
most frequently isolated species of bacteria, E. coli, was cultured from 79 birds.
The next five most frequently isolated bacteria, in decreasing order of frequency,
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were Proteus spp., K. pneumoniae, Citrobacter freundii, Escherichia fergusonii,
and A. baumanii (Table 2). Salmonella enterica serotype Newport was isolated from
one Western gull from Cordelia.
There were no significant differences in
prevalences of any bacteria between the
two most common gull species, Western
gull (n517) and glaucous-winged gull
(n516), by a Fisher Exact test (P.0.05).
Based on a Fisher Exact test, E. fergusonii (n575, for gulls and common murres
combined, P50.00009) and K. pneumoniae (n575, P50.014) were significantly
higher in common murres (n526) than
gulls (n549). Prevalence of Proteus spp.
(n575, P50.00001) was significantly high-

STEELE ET AL.—ZOONOTIC BACTERIA IN SEABIRDS

739

TABLE 3. Bacterial species isolated from seabirds in rehabilitation centers and tested for resistance to antibiotics. Bacteria were isolated from seabirds in rehabilitation centers in California and Washington (USA),
November 2001 to January 2003.
Antibiotic resistancea
Bacterial isolate

Escherichia coli
Escherichia coli
Escherichia coli
Escherichia coli type O57
Escherichia coli
Escherichia coli
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Klebsiella pneumoniae
Enterobacter cloacae
Enterobacter cloacae
Acinetobacter baumannii
Acinetobacter baumannii
Salmonella Newport
Pseudomonas aeruginosa
Pseudomonas aeruginosa
Pseudomonas aeruginosa

Host species

Western gull
Western gull
Common murre
Herring gull
Undifferentiated gull
Glaucous-winged gull
Glaucous-winged gull
Glaucous-winged gull
Red-breasted merganser
Pied-billed grebe
Common murre
Pacific loon
Common murre
Pied-billed grebe
Pacific loon
Western gull
Glaucous-winged gull
Glaucous-winged gull
Pacific loon

1

2

—b —
— —
— —
— —
— I
— —
— —
— —
— —
— —
— —
— R
— R
— —
— —
— —
— R
— R
— R

3

4

5

6

7

8

—
—
—
—
I
—
R
R
R
R
R
R
R
I
I
—
R
R
R

—
—
—
—
—
—
R
R
R
R
R
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
R
R
R
R
—
R
R
R

—
—
—
—
R
—
—
—
—
—
—
—
—
R
R
—
R
R
R

—
—
—
—
—
—
—
—
—
—
—
—
—
R
R
—
R
R
R

Total
Resist9 10 11 12 13 14 15 16 ant

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
I
I

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
R
—
—
—
—
R
R
R

—
—
—
—
—
—
R
R
R
R
R
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
R
R
R

0
0
0
0
3
0
3
3
3
3
3
4
3
4
4
0
7
8
8

1 5 amikacin; 2 5 augmentin; 3 5 ampicillin; 4 5 carbenicillin; 5 5 ceftazidime; 6 5 ceftiofur; 7 5 cephalothin; 8 5
chloramphenicol; 9 5 ciprofloxacin; 10 5 enrofloxacin; 11 5 gentamicin; 12 5 piperacillin; 13 5 tetracycline; 14 5 ticarcillin;
15 5 tobramycin; and 16 5 tribrissen.
b — 5 no resistance; I 5 intermediate; R 5 resistant.
a

er in gulls (n549) than common murres
(n526). Two rhinoceros auklets (Cerorhinca monocerata; Alcidae) infected with
K. pneumoniae, one of which was additionally infected with E. fergusonii, were
not included in the previous analysis. Because of small sample sizes we did not
compare prevalences (Table 2) among
other families of birds or among most gull
species.
Mean (6SD) species richness values of
bacteria found in gulls and common
murres combined by rehabilitation centers
were 2.79 (61.03) at Cordelia (gulls,
n512; common murres, n519) and 2.29
(61.04) at Lynwood (gulls, n527; common
murres, n56). Mean species richness of
bacteria for gulls in both centers combined
was 2.58 (61.46), and for common murres
it was 2.69 (61.01). Based on a general
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linear-model ANOVA, these differences
were not significant (df562, P50.09).
The EAE gene was present in six of 48
E. coli isolates tested from gulls and
murres, and the alpha intimin gene was
present in three isolates originally recovered from a common murre and Western
gull from Cordelia and an unidentified
species of gull from Lynwood. One type
O57 was isolated from a herring gull (L.
argentatus) in Arcata, and the other five E.
coli isolates did not conform to known serotypes. The remaining two isolates with
the EAE gene were recovered from a
glaucous-winged gull (L. glaucescens) and
a Western gull from Lynwood.
Antibiotic resistance was confirmed in
13 of 19 selected bacterial isolates (Table
3). All isolates with resistance to the tested
antibiotics had resistance to multiple an-
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tibiotics (range, 3–8 antibiotics). There
was no resistance to the 16 antibiotics in
five of six isolates of E. coli, including the
isolate typed as O57, and the Salmonella
Newport isolate. Resistance to ampicillin
was most prevalent (53%), followed by resistance to ceftiofur (37%), cephalothin
(32%), and augmentin (26%) (Table 3).
Sample sizes were too small to compare
resistance between bird species or rehabilitation centers.
DISCUSSION

Escherichia coli was isolated most frequently from seabirds in this study. This
might be explained at least partially by
diet, which may be an important determinant of gut flora (Bangert et al., 1988).
Seabirds are considered carnivorous (piscivorous) or omnivorous. Escherichia coli
was the most common species found in
surveys of omnivorous birds as well as carnivorous birds (Bangert et al., 1988),
whereas graminivorous birds, such as
many passerines, had much lower prevalences of E. coli (Glunder, 1981; Brittingham et al., 1988).
The frequency of Salmonella spp. isolation in this study (1.1%; Table 2) was
lower than that observed among seabirds
elsewhere (Butterfield et al., 1983). In other studies birds were sampled at or near
sites with greater potential for bacterial
contamination, such as sewage outfalls or
landfills (Kapperud and Rosef, 1983), or
sampling was limited to gulls, which have
been long implicated as carriers of Salmonella (Fenlon, 1983). The ready availability of human waste disposal sites fosters transmission of enteric bacteria to
gulls (Fricker, 1984).
Salmonella Newport was previously reported in a gull (Larus sp.) (Fenlon, 1983),
a common loon (Gavia immer) (White and
Forrester, 1979), and in California sea lions (Zalophus californianus) (Smith et al.,
2002). It is commonly isolated from human sewage and environmental samples
(Fenlon, 1983) and is the third most common Salmonella spp. serotype isolated
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from humans in the United States (Zansky
et al., 2002). During the period extending
from 1997 to 2001, the number of confirmed human infections of Salmonella serotype Newport reported to the Centers
for Disease Control and Prevention increased from 5% to 10% of all Salmonella
spp. infections (Zansky et al., 2002).
Escherichia fergusonii and K. pneumoniae occurred significantly more often in
common murres (Alcidae) than in gulls
(Laridae) (Table 2). Common murres are
colonial birds and, in rehabilitation centers, are caged with other common murres
to decrease their stress level while in captivity (Stoskopf and Kennedy-Stoskopf,
1986). Based on the high prevalence of E.
fergusonii and K. pneumoniae we observed
in murres, we question if the practice of
caging them together may facilitate an increased transmission of these potential
pathogens.
Although most common murres samples
were collected at one center (Cordelia)
and most gull samples were collected from
another center (Lynwood), there were no
significant differences in species richness
of bacteria isolated between the centers.
There were differences in how rapidly the
samples were shipped after collection.
More gull samples were evaluated from
Cultureswabs $48 hr after the sample was
taken (67% of gull samples; 24% of murre
samples). Many microorganisms readily
maintain viability in Cultureswabs from 24
hr to 48 hr, but viability decreased after 48
hr (Smith and Jackson, 2001). In this
study, recovery of Proteus spp. was significantly greater from samples inoculated
more than 48 hr after sampling, which may
indicate bacterial overgrowth in these samples and may explain the higher prevalence found in gulls compared to common
murres (Table 2).
Of the six E. coli that carried the EAE
gene, one was identified as a type O57, a
strain found in swine (Fratamico et al.,
2004). The remaining five could not be
typed, possibly because the serotypes used
for comparisons were primarily from hu-
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mans and other mammals, and avian E.
coli strains generally do not readily conform to types recognized in mammals
(Gerlach, 1986). Of these five, three also
carried the alpha intimin genes, indicating
potential pathogenicity. The presence of
both EAE and alpha intimin places them
in a class of E. coli strains known as enteropathogenic E. coli (EPEC), which is
linked to human illness (Nataro and Kaper,
1998). In addition to the normal fecal-oral
route of transmission, EPEC also may be
transmitted by dust particles (Nataro and
Kaper, 1998).
Species we isolated that are known or
suspected human pathogens include K.
pneumoniae (Ko et al., 2002), Ps. aeruginosa (Hsueh et al., 2002), Aeromonas spp.
(Altwegg and Geiss, 1989), E. fergusonii
(Funke et al., 1993), Enterobacter spp.
(Sanders and Sanders, 1997), A. baumanii
(Bergogne-Bérézin and Towner, 1996),
Proteus spp., Providencia spp., and Morganella morganii (O’Hara et al., 2000).
Several of these, including Ps. aeruginosa,
often are associated with nosocomial infections (Hsueh et al., 2002).
Ten of 16 antibiotics tested had at least
one bacterial isolate with resistance to it
(Table 3). Antibiotic resistance in bacteria
has been found in other studies at rehabilitation centers (Smith et al., 2002; Ziegerer et al., 2002) as well as in studies of
free-ranging birds (White and Forrester,
1979; Nascimento et al., 2003). Resistance
to ampicillin (53%), a commonly used antibiotic, is consistent with results obtained
from research conducted at other sites
(Nascimento et al., 2003). Pseudomonas
aeruginosa, K. pneumoniae, Acinetobacter
spp., and E. coli have evolved in recent
years into important nosocomial pathogens
because of their multi-drug resistance
(Jones, 2001). Among the isolates tested,
Ps. aeruginosa was resistant to the most
antibiotics.
Humans and seabirds come into close
contact in wildlife rehabilitation centers.
The transfer of zoonotic bacterial pathogens from bird to human, human to
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bird, and bird to bird represents risks for
human and seabird health that can largely be prevented. Considering that many
enteric bacteria are spread primarily via
the fecal-oral route (Flammer, 1999), the
transfer of enteric bacteria can effectively be reduced with proper hygiene, husbandry, and disinfection. The efficacy of
simple measures, such as hand washing,
is well documented (Pittet et al., 2000).
Surfaces such as countertops and doorknobs, as well as objects used in patient
care, such as blankets and sponges, are
easily overlooked in cleaning and may
harbor bacteria and should be disinfected regularly. In addition, housing birds
individually may help to avoid transfer of
novel pathogens to susceptible birds.
The pathogenicity of many of these bacteria to seabirds is poorly understood
(Gerlach, 1986), although morbidity and
mortality have been observed (Hall et al.,
1977; Brand et al., 1988). Because an animal’s susceptibility to bacteria may be influenced by a number of factors, including
the physiologic and psychological stresses
involved in rehabilitation (Thornton et al.,
1998), measures to minimize stress during
the rehabilitation process should also be
emphasized.
This study focused on captive birds in
rehabilitation centers and on their caregivers, not on free-ranging seabirds. However, reducing transmission of pathogenic
bacteria among seabirds in rehabilitation
centers would reduce the potential risk to
free-ranging seabirds whenever rehabilitated birds are released back into wild
populations.
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