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type Typhimurium, are commonly found in the intestine
of wild birds. These organisms are maintained within bird
populations by several mechanisms. The simplest of these
mechanisms occurs in raptors since birds that eat other
animals tisk eating Salmonella-infected prey. Both wild
and captive raptors may be temporary or permanent Sal-
monella carriers or even suffer from clinical Salmonello-
sis as a result of eating infected prey. A similar infection
pathway affects scavenging or carrion eating birds such as
vultures, crows, and, most importantly, gulls. For exam-
ple, gulls are opportunistic scavengers who feed at sites
where raw sewage is released. They appear to be relatively
resistant to disease but may serve as effective carriers of
Salmonella and thus are a source of infection for other
animals. In other situations, birds exposed to a contami-
nated environment may become infected accidentally.
This is the case with domestic pigeons and colonial water-
birds. The most significant outbreaks of wild bird Salmo-
nellosis occur, however, in passerines. Thus, although
only a few healthy passerines harbor Salmonella in their
intestine, these birds often gather in very large numbers at
bird feeders. The growth of the “bird feeding industry”
has promoted this behavior. Garden bird feeders can
become so contaminated with feces that Salmonella con-
tamination may grow to significant levels. If this is accom-
panied by other stresses such as bad weather or a food
shortage, large numbers of these birds may develop Sal-
monellosis and die. Finches, house sparrows, and cow-
birds appear to be especially at risk. Phage and genetic
typing suggests that these passerines carry strains of S.
entericd Typhimurivm that are specifically adapted to
songbirds. These infected birds may transmit infection to
humans, either directly as a result of handling, or more
commonly, as a result of exposure to domestic cats in-
fected by preying on sick and moribund birds. © 2004
Elsevier Inc. All rights reserved.
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vertebrates. As with many infectious agents,
when present in small numbers and con-
fined to their appropriate location, they are harm-
less. However, under conditions where the resis-

Salmonella live within the intestinal tract of

tance of their host is impaired, or when changes
occur in their microbial environment, they may
increase in numbers significantly, invade their
host, and cause disease or death. Their signifi-
cance lies in the fact that they are found relatively
commonly in both mammals and birds and that
they may cause significant disease in birds and
mamrnals, including humans. An example that
most people are familiar with is Saimonellosis in
poultry. Salmonellosis is an important cause of
disease and death in poultry and contaminated
poultry products pose a significant health hazard
to human. Salmonella also occur in wild birds
where they can cause disease and death, or even
spread from their avian hosts to domestic mam-
mals and man. Although well recognized as an
avian disease for over a hundred years, Salmonel-
losis qualifies as an emerging disease because its
prevalence in wild bird populations appears to
have increased greatly over the past 40 years as a
result of increased artificial feeding by humans.
Salmonellosis in wild birds thus occurs most com-
monly in those on a carnivorous or omnivorous
diet, those that feed on the ground or on food
subject to fecal contamination, or those that live
or feed in contaminated water.

Identification and Classification of
Salmonella

The Salmonella are a diverse group of Gram-
negative enterobacteria. Their classification has
changed in recent years. Thus, although origi-
nally considered to consist of a large number of
many different species, current opinion now con-
siders the avian and mammalian salmonella to
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consist of a single species called Salmonella enterica.
S. enterica is, however, divided into at least 2300
serotypes or serovars (serologic varieties). These
serotypes are identified on the basis of their anti-
genic structure and classified by the Kauffmann-
White scheme. Thus, a specific Salmonella is de-
noted by numbers that correspond to specific
antigens on the organism’s capsule, cell wall, and
flagella. Some of these serotypes, such as S. en-
terica, serotype Typhi, cause a specific disease,
typhoid fever, in a specific host, humans. Others,
such as S. enterica, serotype Typhimurium are con-
sidered to be nonhost specific since they are ca-
pable of infecting an enormous diversity of spe-
cies, including cattle, pigs, rodents. and birds.
Because Typhimurium is by far the most prevalent
serotype of S. enterica, epidemiologic investiga-
tions of outbreaks requires discrimination of sub-
types within this serotype. This discrimination
uses stable genetic markers to identify biological
variants (biovars or biotypes). The most widely
employed method of identifying these biovars is
phage-typing. Thus, biovars of Typhimurium dif-
fer in their susceptibility to a panel of bacterio-
phages. By using an appropriate testing panel, it
has proved possible to identify more than 300
different definitive phage types (DT) within the
Typhimurium serotype by determining their sus-
ceptibility to a set of bacteriophages.! These
phage types are stable and can be used to follow
the spread of a specific biovar or determine the
host preferences of individual Typhimurium bio-
vars.

There are additional techniques that assist in
investigating the epidemiology of Salmonella out-
breaks and increase the precision by which bio-
vars can be identified.? For example, biovars may
differ in their ability to ferment selected carbohy-
drates or in their antibiotic-sensitivity patterns.
Another commonly used technique is the use of
plasmid profiles. In this technique, the plasmids
present in different isolates can be separated by
electrophoresis and compared.

One technique that has been proven to be
most effective in identifying unique Salmonella
biovars is pulsed-field gel electrophoresis (PFGE).
This is a method used to separate fragments of
DNA as long as several million bases by subjecting
the gel to an electrical current alternately deliv-
ered from two angles in timed intervals. The tech-
nique minimizes the diffusion of these large mol-
ecules. PFGE is used to separate chromosomal
fragments produced by enzymatic digestion of
intact bacterial genomic DNA. To do this, bacte-

51

rial chromosomal DNA is digested using restric-
tion endonucleases that have relatively few restric-
tion sites. This produces 10 to 20 DNA fragments
ranging in size from 40 to 4000 kb that can be
identified on electrophoresis and the genetic re-
lationships of strains can be determined by this
method.

When large numbers of isolates of Typhi-
murium are carefully typed, it is possible to show
that certain biotypes are associated with disease in
specific species. For example, Typhimurium bio-
types isolated from pigeons commonly lack the
OS5 antigen and are often of phage types DT2 or
DT 99. These pigeon isolates also are weak fer-
menters of rhamnose.® Likewise, many poultry
and duck isolates commonly belong to phage
types DT13 and DT14. These usually lack fimbriae
and do not ferment either inositol or rhamnose
(FIRN strains). As will be described in a later
section, finch and sparrow isolates often belong to
phage type DT40.

Routes of Salmonella Exposure

As enteric bacteria, Salmonella are found within
the intestine. They spread to other individuals
either because the intestine is eaten, for example
by a predator, or alternatively, because they are
shed in feces. Both types of spread, by carnivorism
or by fecal contamination, are common among
wild birds. Salmonella may be present in wild
birds for two reasons. In one case, the organism is
adapted to the host and establishes itself as part of
the intestinal flora on a permanent basis. In this
situation, typified by finch infections, one sero-
type tends to predominate. In a second situation,
the Salmonella may be present in feces for a short
time, as a result of environmental contamination.
In this case, typified by gulls, no one serotype
predominates reflecting the diverse array of or-
ganisms in the contaminated environment.

Salmonellosis in Specific Groups of
Birds

Salmonella in Raptors

The simplest cycle of avian Salmonellosis is that
which occurs in carnivorous or omnivorous wild
birds that acquire Salmonella as a result of eating
infected prey. For example, in a recent Spanish
study,* it was found that 13/310 (4.19%) wild,
free living raptors were positive for Salmonella.
However, these birds were infected with many
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different Salm. enterica serotypes including Enter-
itidis, Adelaide, Brandenburg, Newport, Typhi-
murium, Hadar, Saintpaul and Virchow. This pat
tern of multiple serotypes indicates that the infec-
tions were acquired from a wide variety of sources,
as might be expected from eating infected prey.
Avian carnivores consume both mammals and
small bird,s so it is not clear just what is the
relative importance of each. Salmonella serotype
Amager has been isolated from peregrine falcons
(Falco peregrinus) in Sweden.?

In North America, Kirkpatrick and Trexler-
Myren examined raptors migrating through New
Jersey and found only 2 out of 105 fecal samples
positive for serotypes Enteritidis and Newport.®
Both were from red-tailed hawks (Buteo jamaicen-
sis). Nocturnal raptors such as owls may also ac-
quire infection in this way. Thus, Kirkpatrick and
Colvin,” also working in New Jersey, found 8/94
(8.5%) of barn owls (Tyio alba) to be Salmonella
positive.

Captive raptors are also susceptible to Salmo-
nellosis, especially when fed on live or freshly
killed prey such as domestic pigeons.® Thus, cap-
tive peregrines and gyrfalcons (Falco rusticolus)
have died as a result of septicemic Typhimurium
infections. On necropsy, liver discoloration and
enlargement was consistent and one bird had mil-
iary abscesses in the liver consistent with infection
entering via the portal route. Many of these cap-
tive birds also had pox or Chlamydophila psittici
infection, and one was infected with a herpesvi-
rus, raising the possibility that concomitant infec-
tion increases susceptibility to salmonellosis. In a
large Spanish survey, 21/286 (7.36%) of captive
raptors were Salmonella positive.* Most of these
captive birds were infected with serotype Havana.
An additional study showed that serotype Havana
was also the predominant serotype isolated from
raptors at a captive breeding center in Italy.® Ad-
ditional biotyping and genetic typing of the Span-
ish Havana isolates suggested that they originated
from a single source, most likely the poultry in the
raptor’s diet.10

It is to be expected that carrion-feeding birds
such as vultures will also, from time to time, con-
sume salmonella-infected carcases. Thus Winsor
and coworkers!! isolated Salmonella from 3 of 20
freshly killed turkey vultures (Cathartes aura) in
Texas. Likewise, Asagi and coworkers isolated se-
rotype Typhimurium var Copenhagen from 2/30
healthy crows (C. corone and C. levaillantii) in Ja-
pan.'? These scavengers may also transmit the
infection to other animals. For example, Watts
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and Wall investigated an outbreak of Salmonello-
sis in sheep in Australia where affected sheep had
been isolated within one pasture for a very long
time and no new animals had been introduced.!3
Serotype Typhimurium was, however, isolated
from crows and magpies in the affected pasture
and they surmised that the birds were the source
of the infection. The weather had been hot and
dry. Both birds and sheep had congregated at the
limited sources of water. They suggested that the
water supply had been fouled by bird feces In
these studies it was shown that the birds readily .
picked up infection by feeding on infected sheep
carcasses. Once infected, magpies and crows shed
the Salmonella in their feces for up to 27 days.

Salmonella in Gulils

Gulls have increased greatly in numbers over the
past 30 years in both North America and Eu-
rope.l* This increase is largely attributed to the
increased availability of food as a result of human
activity. Gulls of many species are abundant in
areas where food scraps are available, especially
around landfills, other garbage dumps, and sew-
age outlets. It is not surprising therefore that gulls
can pick up Salmonellae during the course of
their scavenging activities. The gull-Salmonella
pathway is clearly of importance in maintaining
Salmonella in the environment.

Many different surveys of salmonellosis have
been conducted in seagulls. For example Quessy
and Messier tested ring-billed gulls (L. delawaren-
sis) in Quebec and found that 8.7% of cloacal
swabs contained Salmonellal® These were a mix-
ture of many different serotypes with only 1 of 23
being Typhimurium. The presence of so many
serotypes is, as pointed out above, consistent with
infections acquired from many different sources
and tends to support environmental contamina-
tion as a source of infection. Snoeyenbos and
caworkers examined cloacal swabs from herring
gulls (L. argentatus) in Massachusetts and found
10/405 to be positive for Salmoneliae.’6 The iso-
lates belonged to nine different serotypes. They
also examined gull eggs to determine if vertical
transmission was a factor but only found Salmo-
nella in 1 of 80 examined.

Many surveys of gulls have been performed in
continental Europe, especially on the abundant
and ubiquitous black-headed gull (L. ridibundus).
For example, Selbitz in Germany, found that 42/
852 (4.9%) were positive for Salmonella and that
Typhimurium was the commonest serotype.!?
Three major surveys have been undertaken in the
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Czech republic. Thus Hubalek and coworkers
found a 24.7% infection rate involving predomi-
nantly Typhimurium followed by Enteritidis, Pan-
ama, and Anatum.!8 Cizek found 4.2% of adult L.
ridibundus and 19.2% of fledglings to be infect-
ed.’® Typhimurium DT 101 was the most common
serotype. Literak and coworkers found 20% to
36% in juvenile gulls. On one occasion, multiple
different serotypes were isolated while on an-
other, only serotypes Typhimurium and Derby
were found.?® They did not detect salmonella in
79 eggs. Palmgren and her colleagues trapped 50
gulls in the center of Malmo, Sweden and found.
2/41 (4.9%) of adult black-headed gulls and 0/9
common gulls were positive for serotype Typhi-
murium.?! Nielsen found two dead black-headed
gulls positive for serotype Typhimurium at a
Copenhagen cannery. He subsequently shot and
examined 249 healthy gulls and isolated Typhi-
murium from 4 of them (1.6%).22 As a result of
gulls ingesting contaminated material, they also
shed contaminated feces. Thus Muller found 78%
of gull feces in the Hamburg sewage works to
contain Salmonellae.?® As might be expected,
these reflected a very broad array of serotypes
with Paratyphi B predominating.

British investigators have also studied Salmo-
nellosis in gulls. For example, 22.2% of herring
gull fecal samples in Wales were positive for Sal-
monella. These were a diverse mixture of many
different serotypes.2* Butterfield and coworkers
studied Salmonella in herring gulls in the north-
east of England.?> They found that it increased in
prevalence from 2.1% in 1975-76 to 8.4% in 1979.
The serotypes isolated were very diverse with Ty-
phimurium the most prevalent followed by Hadar
and Heidelberg. They also noted that the propor-
tion of positive birds was much higher in the first
year birds (9.7%) than in four year birds (2%)
and suggested that this was due to higher num-
bers of younger birds feeding along the coast. (It
could also be a result of increased mortality
among infected young birds so that positive birds
are selectively eliminated. Salmonella-positive
birds, however, appeared to be completely
healthy). MacDonald and Brown found Salmo-
nella in 6% (5/83) of gulls submitted for diagno-
sis in the United Kingdom.2¢ These were from five
different species and had been found dead or
sick. They noted, however, that although these
birds contained high numbers of bacteria, they
had few obvious lesions of septicemia and specu-
lated that the Salmonella bacteremia was a termi-
nal event in gulls dying from other causes. As with
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Butterfield’s study, most of these cases were in
birds less than one year old. MacDonald and
Brown also examined 70 healthy adult breeding
gulls and found no Salmonella. A finding that
supports the suggestion that Salmonella infec-
tions are primarily a problem in young gulls.
More recently, Fenlon found Salmonella in 12.9%
of 1242 fecal samples from gull flocks in Scot-
land.?” He found that the number of positive
samples was significantly higher (17-21%) near
sewage outfalls. He isolated 27 different serotypes
with the predominant serotypes being Muenchen,
Heidelberg, San Diego and Derby. Given that the
range and frequency of these serotypes was simi-
lar to that found in humans, Fenlon reasoned that
sewage was a likely source of the infection in these
birds. Fenlon also noted that the numbers of Sal-
monella in gull feces were relatively low (0.18-191
per gram). This was similar to the concentrations
found in sewage and suggested that the gulis may
sitnply be physical carriers. A similar result was
obtained by Fricker who examined the secretion
of salmonella from black-headed gulls feeding at
a sewage treatment works.?® Thus similar sero-
types were found in gull feces and in the sewage
sludge. He showed that gulls became infected
after feeding on contaminated sludge. Interest-
ingly, a rare serotype, Takoradi, appeared in the
sludge for short periods and subsequently, ap-
peared in gull feces for a few days. Fricker sug-
gested therefore that the infection in gulls was
likely short-lived (at least for this serotype). De-
spite the fact that healthy adult gulls appear to be
asymptomatic carriers, occasional lethal Salmo-
nella outbreaks can occur in gull colonies. One
such outbreak occurred in ring-billed gulls in
Quebec.®

Salmonellosis in gulls is not confined to the
northern hemisphere. Thus Robinson and Daniel
studied healthy gulls and other birds captured
around a “meatworks” and a sewage works in
Auckland as well as birds captured at a remote
beach in New Zealand.?® They found only two
Salmonella-positive birds (2/43), both shags,
(Phalacrocorax spp.) at the sewage works. However
there were 8 positive gulls (8/44) found close to
the meatworks. None of the gulls (0/24) from the
remote beach were positive for Salmonella. The
positive birds, two kelp gulls (L dominicanus), and
six red-billed gulls (L novaehollandiae) likely con-
tracted the infection as a result of scavenging near
the meatworks. Salmonella has been isolated from
birds such as gentoo penguins (Pygoscelis papua)
and black-browed albatross (Diomedea melanophrys)
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in the sub-Antarctic.®! This may have derived
from waste from scientific stations since multiple
serotypes were isolated, a pattern that conforms to
the sewage/scavenger cycle of gulls.

Because of their habit of congregating in large
numbers at landfill sites and on agricultural land,

gulls represent a potential source of Salmonelia -

infection for humans and livestock. Many investi-
gators have tried to prove a relationship between
gulls and Salmonellosis in farm animals but with
mixed results. For example, in one study, feces
were cultured from gulls roosting near a cattle
pasture. The unusual serotype Livingstone was
isolated from both gulls and cattle and suggested
that the gulls may have transmitted the infection
to cattle. However, six other Salmonella serotypes
were also isolated from gull feces on this farm but
were not present in the cattle.’* Coulson and
coworkers have suggested that herring gulls may
be a vector of Salmonellosis to sheep and cattle in
the United Kingdom.3® They based this on the
remarkable overlap of gull breeding areas with
the location of the Salmonella outbreaks as well as
isolation of the same organism (serotype Montev-
ideo) from both livestock and gulls. They also
pointed out the coincidence of timing of cattle
disease outbreaks with the movement of gulls
from their wintering areas to their breeding areas
as well as the use of agricultural land as feeding
areas by herring gulls. The role of gulls as vectors
of Salmonella is also supported by the occurrence
of serotype Montevideo outbreaks in sheep on
small isolated islands. Johnston and coworkers,
investigated an outbreak of Salmonellosis in cattle
in Scotland.?* In this study, cattle grazing beside a
lake suffered from Salmonellosis and the same
serotypes were isolated from gull feces at the lake-
side. The water for the cattle came from the lake.
As in so many of these cases however cause and
effect are difficult to disentangle. The gulls may
well have acquired the infection from the cattle!
Benton and coworkers described how a large gull
roosting site contaminated a large water supply
reservoir near Glasgow, Scotland, with both coli-
forms and Salmonella. Roosting was discouraged
by broadcasting gull distress calls, and bacterial
numbers in the water then dropped to safe lev-
els,3%

Salmonella in Waterfowl

Salmonellosis might well be expected to be a
problem in waterfowl, especially when they con-
gregate in large numbers during the winter
months. Indeed, the recent growth in Canada
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goose numbers and their ability to foul waterside
parks in North America has raised concerns that
these might be a significant source of human
pathogens such as Salmonella. However, water-
fowl do not scavenge carrion in the way that gulls
do, and there is no data to suggest that grazing
geese are a significant source of Salmonella. On
the other hand, waterfowl living in contaminated
waters may become infected with Salmonella, es-
pecially if sewage contamination has occurred.36
Mitchell and Ridgwell examined 477 duck fecal
samples from a reservoir in London during the
winters of 1969 and 1970.37 They found that 20
(4.11%) contained Salmonella. The duck species
involved included pochard (Anas ferina), Furasian
teal (A. crecca), and tufted duck (Aythya fuligula).
There was little difference in the carrier rate be-
tween these species. The commonest serotype was
Typhimurium. Salmonellosis has occasionally
been a problem in domestic mallards (A. platy-
thynchos). The serotypes of Typhimurium isolated
from these birds appear to be different than those
found in other wild birds. Thus the predominant
mallard isolates in Germany between 1974 and
1996 have generally been DT8 and DT46.38 DT46
tended to predominate in the 1980s while DT8
predominated in the 1990s, suggesting that there
may have been two successive epidemics in these
birds. Keymer reported an isolated case of disease
due to serotype Typhimurium in a tufted duck.?®
Nielsen investigated an outbreak of salmonellosis
in mallards raised for hunting and concluded that
they acquired infection from wild birds, and pos-
sibly via vertical transmission.22 Muller in Ham-
burg found 16% of duck feces contained Salmo-
nella, with Typhimurium predominating.?® Hub-
alek reported one isolate from a graylag goose
and one from a coot.!® Salmonellosis is not un-
common among commercial duck flocks. Indeed
it has been recognized since 1920 and even was
known by the colloquial name “keel.” Price and
coworkers reported 491 isolations from 7029 duck
accessions from the commercial duck flocks on
Long Island in 10 years*®® The predominant iso-
late (93%) was Typhimurium. Despite its name,
serotype Anatum only accounted for 1% of cases.
Lesions include necrotic foci in the liver, cheesy
plugs in the caeca, and pale kidneys.

Salmonella in Pigeons

Salmonellosis is a common disease of domestic
rock doves (Columba livia) where S. enterica causes
“Avian Paratyphoid.” This is generally a subclini-
cal infection in adult doves but an acute lethal



