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Eighteen (72%) of 25 badger social groups were found to excrete Salmonella enterica serovar Ried, S. enterica
serovar Binza, S. enterica serovar Agama, or S. enterica serovar Lomita. Each serovar was susceptible to a panel
of antimicrobials. Based on results of pulsed-field gel electrophoresis, the S. enterica serovar Agama and S.
enterica serovar Binza isolates were very similar, but two clones each of S. enterica serovar Lomita and S.
enterica serovar Ried were found. Badgers excreting S. enterica serovar Agama were spatially clustered.

Salmonella enterica is an important pathogen of humans and
other animals. Some serovars are highly species specific; for
example, S. enterica serovar Typhi is solely a human pathogen,
and S. enterica serovar Gallinarum is pathogenic only for poul-
try. In humans, salmonellae are an important cause of food
poisoning (i.e., salmonellosis) (3, 18, 23). Those salmonellae
that cause salmonellosis are conveniently designated nonty-
phoidal salmonellae (NTS) and include S. enterica serovar Ty-
phimurium, S. enterica serovar Enteritidis, and S. enterica se-
rovar Choleraesuis. Although diarrheal disease is the most
common manifestation of NTS infection in humans (3, 23), the
NTS can also cause invasive disease, especially in children (8)
and human immunodeficiency virus-infected individuals (7,
20). NTS are also an important cause of diarrhea and septice-
mia in a number of domestic and companion animals (10, 11,
14, 15, 19, 24, 28, 33). In many animal species, initial infection
can be followed by prolonged periods of asymptomatic car-
riage (14, 19).

NTS have been detected in a wide range of wildlife species
in the United Kingdom (29). The range of serovars reported is
broad both between and within animal species. Previous re-
ports of NTS in badgers (Meles meles) have been restricted to
demonstrating the diversity of serovars detected. These in-
cluded S. enterica serovar Agama and S. enterica serovar Dub-
lin (29) as well as S. enterica serovar Agama, S. enterica serovar
Bredeney, S. enterica serovar Enteritidis. S. enterica serovar
Coeln, S. enterica serovar Dublin, S. enterica serovar Anatum,
S. enterica serovar Bonn, S. enterica serovar Nagama, S. en-
terica serovar Durham, and S. enterica serovar Indiana (34).

Badgers have a very wide geographical range and occupy an
array of different habitats (21). They have a diverse omnivo-
rous diet that includes both prey items and plant material.
They also scavenge around waste disposal sites and dustbins
(21, 34). Thus, they are exposed to many different potential

sources of NTS. It is apparent that badgers could have an
important role as a potential reservoir of NTS for other animal
species, including cattle. This possibility has been described on
only one occasion (9), when S. enterica serovar Agama was
reported as the cause of abortion in a cow. The same S. enterica
serovar Agama was subsequently isolated from badger feces
next to the sett on the farm. Whether and to what extent the
badgers might represent a source of infection for cattle is
unclear. However, the most prevalent NTS serotype affecting
cattle, S. enterica serovar Typhimurium, has not been found in
badgers. The present study therefore aims to establish the
prevalence of NTS excretion in badgers in this area and to
carry out spatial analysis to see if there were any patterns of
NTS isolation.

A badger sett survey was carried out in an area of Cheshire,
United Kingdom (10 km by 10 km) in the winter of 1998–1999.
Sett locations were recorded on maps, and setts were classified
as main or subsidiary. Main setts are distinguished from other
setts by their size and extent of use. They represent the focal
point of a badger social group, which is defended from adja-
cent social groups. Fecal samples were collected in sterile uni-
versal containers (Bibby Sterilin, Stone, United Kingdom)
from latrines adjacent to main setts in a 5 km by 5 km square
area in the southeast corner of the main square. There were 30
main setts in this area, and latrines were found in proximity to
25 of these. The latrines are used only by badgers living in the
social group occupying the nearby main sett. Thus, bacteria
recovered from feces in a given latrine represent those present
in the fecal flora of an individual in that social group. The data
obtained were then analyzed with regard to both social group
prevalence and the spatial distribution of infection. During the
survey, other environmental and habitat variables were re-
corded throughout the area. These data and badger sett data
were all digitized by using a geographical information system
package, IDR1SI 32 1 (version 132.21; Clarke Laboratories,
Worcester, Mass.). This includes details of land usage such as
livestock grazing pasture areas or the type of crops in arable
areas.

Badger feces (1 g) were emulsified in selenite broth (9 ml),
mixed by vortexing, and incubated at 37°C for 24 h. The broth
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was then subcultured onto xylose-lysine decarboxylase agar
(Oxoid, Ltd., Basingstoke, United Kingdom), and the plates
were incubated at 37°C for 24 h. Colonies (five per plate)
resembling those typical of salmonellae were subcultured onto
MacConkey and blood agar plates and incubated at 37°C for
24 h. Colonies were confirmed as salmonellae by using poly-O
and poly-H antisera (Murex, Dartford, United Kingdom) and
standard biochemical tests (AP1 20E; BioMerieux, Basing-
stoke, United Kingdom). Serovar status was determined by
agglutination with specific anti-H and anti-O antisera (Murex).
Antimicrobial susceptibility was determined by using a con-
trolled disk diffusion method (32). The disks used (Oxoid)
contained amoxicillin (25 �g), coamoxiclav (30 �g), chloram-
phenicol (10 �g), gentamicin (10 �g), cefotaxime (30 �g),
tetracycline (10 �g), sulfonamide (30 �g), or nalidixic acid (30
�g). Escherichia coli NCTC 10418 was used as a control. Chro-
mosomal DNA was prepared in agarose plugs as described
previously (7, 12) from an overnight culture on agar plates.
Agarose plugs were then digested by SpeI (30 units per plug)
according to the manufacturer’s instructions (Life Technolo-
gies, Paisley, United Kingdom). Pulsed-field gel electrophore-
sis (PFGE) was then performed on a CHEF-DR II system
(Bio-Rad Laboratories, Hercules, Calif.) on a horizontal 1%
(wt/vol) agarose gel. The restriction endonuclease digest pat-
terns were interpreted by considering the migration distances
and the intensity of all visible bands and by using guidelines
described previously (30).

Thirty-six isolates of S. enterica were obtained from 130
latrines around 25 setts (Table 1). The serovars isolated were
S. enterica serovar Ried (15 isolates), S. enterica serovar Binza
(10 isolates), S. enterica serovar Lomita (7 isolates), and S.

enterica serovar Agama (4 isolates). The latrines around 7 of
the 25 (28%) setts had no Salmonella spp. isolated. Five setts
(20%) had two serovars isolated, and one sett had three dif-
ferent serovars isolated. Each isolate was fully susceptible to
each of the antimicrobials tested. PFGE of macrorestricted
chromosomal DNA from the different Salmonella spp. showed
that each of the four serovars had their own distinctive patterns
and that they were unrelated to each other (�10 bands were
different in each case). Within serovars, there was much less
variability. For S. enterica serovar Binza, three patterns differ-
ing by only one band each were detected. The S. enterica
serovar Agama isolates produced four different patterns, but in
each case they differed by less than three bands. The S. enterica
serovar Ried and S. enterica serovar Lomita isolates each pro-
duced two clones differing by more than 10 bands, respectively.

Spatial clustering of serotypes was investigated by using K
functions (25). The distribution of positive setts was compared
with the distribution of negative setts for each serotype by
using the difference between the two K functions (for details of
this approach, see reference 2). The difference between the
two K functions was plotted against distance (h), along with
upper and lower simulation envelopes. For this analysis, the
simulation envelopes were widened to allow for multiple test-
ing by using a Bonferroni correction. If the difference between
the K functions fell above the upper envelopes, this indicated
that the positive setts were significantly more clustered than
the negative setts (P was �0.05, allowing for multiple testing).
The relationship between the number of samples taken and the
probability of a sett being positive was examined by using
logistic-regression analysis.

There was some clustering of setts from which S. enterica
serovar Agama was isolated, which was not apparent for the
other three serovars (Fig. 1). In areas with no spatial cluster-
ing, the K function always falls within the 95% simulation
envelopes, which was the case for the isolates of S. enterica
serovar Lomita, S. enterica serovar Binza, and S. enterica sero-
var Ried (Fig. 2). In contrast, S. enterica serovar Agama
showed evidence of spatial clustering. The probability of a sett
being positive was not significantly related to the number of
samples taken (P � 0.1).

Many different NTS have been isolated from wild animals
and birds. Such wildlife species have been considered reser-
voirs of salmonellae that can then infect domestic animals and
humans. By making a systematic collection from different bad-
ger social groups, we have demonstrated both a high preva-
lence of NTS (72% of groups) and unusual serovars (S. enterica
serovar Ried, S. enterica serovar Binza, and S. enterica serovar
Lomita). In a previous study of 585 badger carcasses and fecal
samples, S. enterica serovar Agama was isolated from 31
(5.3%) samples from the southwest United Kingdom, with
nine other serovars being detected in much smaller numbers
(34). S. enterica serovar Agama was also found in an earlier
United Kingdom study (29), which has led to the suggestion
that badgers may be a reservoir host for S. enterica serovar
Agama—and there is circumstantial evidence linking badgers
to infection in cattle (9). PFGE analysis of our S. enterica
serovar Agama isolates indicated that they all appeared to be
related. Spatial analysis showed that the S. enterica serovar
Agama isolates clustered together—unlike the other serovars.
This indicates that S. enterica serovar Agama infection may be

TABLE 1. Salmonella serovars isolated from badger setts

Sett
no.

No. of
latrines
sampled

No. positive for S. enterica serovar:

Ried Binza Agama Lomita

1 5 3 1 0 0
2 8 0 4 0 0
3 4 0 0 0 1
4 3 0 0 0 0
5 2 0 1 0 0
6 9 0 0 0 0
7 1 1 0 0 0
8 2 0 0 0 0
9 7 3 0 1 0

10 5 0 2 0 0
11 4 0 0 0 0
12 14 0 0 0 1
13 3 1 0 0 0
14 3 1 0 1 0
15 3 0 0 1 0
16 8 1 0 1 1
17 15 2 0 0 1
18 3 0 0 0 0
19 3 0 0 1 0
20 4 3 0 0 0
21 5 0 1 1 0
22 3 0 1 0 0
23 2 0 0 1 0
24 7 0 0 0 0
25 7 0 0 0 0

Total 130 15 10 7 4
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FIG. 1. The spatial distribution of Salmonella spp. isolates in the badger setts. The black circles show the location of negative setts, the white
squares represent positive setts, and the gray circles are unsampled setts. The background represents altitude ranging from 26 (dark gray) to 222
(light gray) meters above sea level.

FIG. 2. K-function analysis of cases (positive) and controls (negative setts). The solid line represents the difference between the two K functions,
and the dashed lines are the 95% simulation envelopes (adjusted for multiple testing).
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spatially constrained rather than colonizing badgers through
out the area, and this scenario argues against S. enterica sero-
var Agama being badger specific. S. enterica serovar Agama
was originally isolated from and named for the rainbow lizard
(Agama agama) in West Africa but has also been isolated from
the African great cane rat (Thryonomys swinderianus) as well as
from dogs in Nigeria (4, 22, 26). S. enterica serovar Agama is an
uncommon cause of human salmonellosis (1, 17).

S. enterica serovar Ried was the most prevalent serovar,
being found in 8 of 25 (36%) setts sampled. However, PFGE of
macrorestricted chromosomal DNA indicated that there were
two distinct clones (differing by �10 bands). Spatial analysis
indicated that there was no significant clustering of isolates. S.
enterica serovar Ried is an extremely rare cause of infection in
humans and animals. S. enterica serovar Binza was next in
order of prevalence, being isolated from 6 (24%) of 25 social
groups. Again, the isolates were all similar by PFGE and
showed no evidence of spatial clustering. S. enterica serovar
Binza seems to be particularly associated with infection in
poultry but is rarely found in human infections (6). The bad-
gers in the study area shared habitat and food sources with a
large population of reared game birds. These birds may have
been the primary source of S. enterica serovar Binza infection.
S. enterica serovar Lomita was the least common serovar (oc-
curring in 16% of the social groups). There was evidence of
two different clones of S. enterica serovar Lomita by PFGE but
not of spatial clustering. S. enterica serovar Lomita has been
detected in poultry in India and, in experimental infection, was
able to establish colonization in the rumen of a sheep (13, 27).
There is one case of human spondylodiscitis reported in the
literature (5).

How the badgers have acquired the NTS, whether they are
persistent excreters, and whether they can transfer the bacteria
to other species is unclear. However, badgers do have a varied
omnivorous diet and could, for example, have acquired S.
enterica serovar Lomita or S. enterica serovar Binza from scav-
enging food around poultry or game bird farms. It is notewor-
thy that some of the badgers were also excreting vancomycin-
resistant strains of Enterococcus faecium (16), a result which in
the United Kingdom and other parts of Europe has been
associated with feeding poultry with avoparcin, the growth
promoter. Finally, none of the NTS isolated were resistant to
any of the eight antimicrobial agents tested. NTS isolated from
cattle or humans in the United Kingdom have shown an inex-
orable rise in resistance to commonly used antimicrobials (10,
18, 31). This, taken with our serovar findings, suggests that
there is little movement of NTS between badgers and cattle in
the area or vice versa.
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