JOURNAL OF CLINICAL MICROBIOLOGY, Jan. 2004, p. 290-293
0095-1137/04/$08.00+0 DOI: 10.1128/JCM.42.1.290-293.2004

Vol. 42, No. 1

Copyright © 2004, American Society for Microbiology. All Rights Reserved.

Isolation of a Fastidious Bergeyella Species Associated with Cellulitis
after a Cat Bite and a Phylogenetic Comparison with Bergeyella
zoohelcum Strains
Sanjay K. Shukla,"* David L. Paustian,” Patrick J. Stockwell,' Roger E. Morey,’

Jean G. Jordan,? Paul N. Levett,> Daniel N. Frank,* and Kurt D. Reed'

Clinical Research Center, Marshfield Clinic Research Foundation, Marshfield," and Memorial Medical Center, Neillsville,
Wisconsin; Meningitis and Special Pathogens Branch, National Centers for Infectious Diseases, Centers for Disease
Control and Prevention, Atlanta, Georgia®; and Department of Molecular, Cellular, and Developmental
Biology, University of Colorado, Boulder, Colorado*

Received 22 May 2003/Returned for modification 7 August 2003/Accepted 14 October 2003

Bergeyella zoohelcum is an uncommon zoonotic pathogen typically associated with cat or dog bites. Previously,
only five cases of B. zoohelcum infection have been reported. We report the isolation and characterization of a
fastidious Bergeyella species from acute cellulitis in the upper extremity of a 60-year-old woman. The organism
was too fastidious for identification and susceptibility testing with traditional culture methods. The isolate was
characterized further by PCR amplification and sequencing of the 16S rRNA gene with broad-range eubacterial
primers. Phylogenetic analysis of the 16S ribosomal DNA sequence indicated that this isolate was a member
of the species B. zoohelcum (previously Weeksella zoohelcum), a gram-negative bacillus that is rarely associated
with infections in humans. Despite sharing a close genetic relationship with other B. zoohelcum strains, this
isolate was extremely fastidious in nature, raising the possibility that similar strains from cat or dog bite

wound infections have been underreported.

Visits to the emergency room (ER) due to animal bites are
not uncommon. In fact, 1% of all visits to the ER are related
to bites by animals. Even though the majority of animal bites
are due to dogs, cat bites represent 3 to 15% of all cases (24).
The risk of an infection after an animal bite is always high, and
for a cat bite, it is between 5 and 15% (26). Infections following
animal bites tend to be polymicrobial in nature and include
both aerobes and anaerobes. At least 30 different known in-
fectious agents have been reported to be transmitted from a
dog or a cat bite (4, 5). In a study conducted by Talan et al., the
major groups of pathogens isolated from 57 cases of cat bites
were species of Pasteurella, Streptococcus, Staphylococcus, Neis-
seria, Corynebacterium, and Moraxella. Anaerobes included Fu-
sobacterium, Bacteroides, Prevotella, and Porphyromonas spe-
cies (6, 23). Pasteurella multocida is present as normal flora in
50 to 70% of otherwise healthy cats, and not surprisingly 43%
of cat bite wounds had this pathogen as well (3).

Bergeyella zoohelcum is an underreported zoonotic pathogen
afflicting humans after an animal bite, even though this micro-
organism can be found in 38 to 90% of nasal and oral fluids
and gingival scrapings of dogs (20). Historically, this species
was referred to as a Centers for Disease Control and Preven-
tion group IIj organism. However, in 1986 Holmes et al. pro-
posed the name Weeksella zoohelcum for the group IIj bacteria.
Weeksella virosa is the only other species in this genus (10).
Finally, in 1994 Vandamme et al. proposed a new genus,
Bergeyella, and renamed W. zoohelcum B. zoohelcum based on
the genetic differences with W. virosa (25). B. zoohelcum is a
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nonfermentative, gram-negative, rod-shaped, non-spore-form-
ing, nonmotile aerobic bacterium that typically grows well on
blood agar but not on MacConkey’s agar. Colonies are circu-
lar, shiny, and smooth with entire edges (11). B. zoohelcum is
oxidase, catalase, and indole positive. At present, B. zoohelcum
is the only representative of the genus Bergeyella. B. zoohelcum
has been previously reported in a wound from a 35-year-old
man following a bite from a Siberian tiger (12). It has also been
linked to a leg abscess in a 10-year-old boy after a dog bite (20).
Besides these reports, unidentified Weeksella species have been
isolated from oral rinses of patients who were treated with
radiation following nasopharyngeal carcinoma (15). A variety
of food sources have been linked to Weeksella- and Bergeyella-
like bacteria as well (1). A related pathogen, W. virosa, on the
other hand, is a female urogenital pathogen and has been
reported with an incidence rate of 2% in healthy women and
up to 15% in women with a high rate of sexual activity (16).
Here, we report a case of cellulitis due to zoonotic transmis-
sion of a fastidious B. zoohelcum in an elderly woman after a
cat bite. The organism was compared with several other zoo-
notic B. zoohelcum strains, and their ecological and clinical
significance is discussed.

Case history. A 60-year-old previously healthy female em-
ployed as a veterinary technician presented to the ER after
being bitten on the hand by a stray cat while administering
medication. Physical examination revealed two puncture
wounds on the dorsal and ventral aspect of the second meta-
carpal head. Samples were taken for culture, and the patient
was given amoxicillin-clavulanic acid, 875 mg twice a day. The
patient returned 24 h later with fever, severe left arm pain, and
cellulitis and lymphangitis extending to the left axilla. The
leukocyte count was 10,500/mm?® with 71% neutrophils, 22%
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lymphocytes, and 5% monocytes. After incision and drainage,
the patient was begun on ampicillin-sulbactam, 3 g intrave-
nously every 6 h. Her symptoms resolved completely within 1
week.

MATERIALS AND METHODS

Strains. B. zoohelcum BZ-1 was isolated from a 60-year-old woman with
cellulitis after a cat bite wound. The strains G6669 (cellulitis) and H1890 and
H1971D (wound) were isolated following dog bites. The strain G8498 was from
an unspecified infection from an adult male. The last four strains mentioned
were from the Centers for Disease Control and Prevention.

Microbiology (strain BZ-1). Wound swab samples were used to inoculate
chocolate, blood, and MacConkey agar media. The plate contents were incu-
bated at 37°C for 48 h under aerobic and anaerobic conditions. The growth of
this strain was too poor to be characterized by standard biochemical methods.
Strains G6669, G8498, H1890, and H1971 were characterized by methods de-
scribed earlier (27).

16S rDNA sequence analysis. Molecular methods for species identification
have been described previously (21, 22). Briefly, the isolates were characterized
by amplifying, sequencing, and analyzing the 16S rRNA gene. The template
DNA for 16S ribosomal DNA (rDNA) PCR was prepared by boiling a few
isolated colonies in 200 pl of sterile water for 10 min. The sample was centri-
fuged at 15,300 X g for 2 min to pellet the cell debris. The supernatant was
collected and used directly as the template for PCR amplification. The broad-
range eubacterial primers, FD1 (5" AGA GTT TGA TCC TGG CTC AG 3’) and
RD1 (5" AAG GAG GTG ATC CAG CC3'), were used to amplify an ~1,500-bp
product from the 16S rRNA gene. A 500-ul PCR mixture contained 5 pl of 1X
PCR buffer; 1.5 mM MgCl,; 200 pM dATP, dCTP, dGTP, and dTTP; 2.5 U of
Taq polymerase; 20 pmol each of FD1 and RD1 primers; and 3 ul of the
template DNA. The single PCR product was column purified and was then
sequenced directly by cycle sequencing with the Thermosequenase kit (Amer-
sham Pharmacia Biotech, Piscataway, N.J.) and Cy5-labeled nested primers.
Both sense and antisense strands were sequenced. The sequencing reaction was
run overnight in the ALF Express DNA sequencer (Amersham Pharmacia Bio-
tech). The DNA sequence was aligned with DNAsis (Hitachi Software Engineer-
ing Co., Ltd., San Bruno, Calif.) and was edited manually to remove ambiguities.
The consensus sequence was compared to all bacterial sequences available from
the GenBank database by using the Blast 2.0 program (National Center for
Biotechnology Information, Bethesda, Md.).

The rDNA sequence of the various Bergeyella species and closely related
genera was aligned with a database of archaeal, bacterial, and eucaryal SSU
rRNA sequences (ca. 10,000 sequences in total) by using the ARB software
package (http:/www.mikro.biologie.tu-muenchen.de/). Both BLAST analysis
and the parsimony insertion tool of ARB tentatively placed the sequence of
Bergeyella sp. isolate BZ-1 within the group Flavobacteria and specifically asso-
ciated it with B. zoohelcum. Consequently, a subset of the ARB alignment,
including the Bergeyella sp. isolate BZ-1 sequence, related sequences (which
represent the known breadth of the genus, as well as representatives of the
Bacteroides, Cytophagales, and Prevotella and other members of Flexibacteri-
aceae), and the sequence of Escherichia coli (used as an outgroup), was selected
for more detailed phylogenetic analysis (1,262 to 1,542 nucleotide positions were
sampled). The presented dendrogram was constructed by evolutionary distance
analysis (weighted least-squares mean with GTR correction) with the PAUP
software package (PAUP* version 4.0b2). The robustness of this tree was as-
sessed by bootstrap resampling (1,000 replicates with resampling of all positions)
of evolutionary distance trees (PAUP* version 4.0b2) (weighted least-squares
mean with GTR correction). Parsimony (1,000 replicates) and maximum-likeli-
hood analyses (100 replicates) provided results that were substantially similar to
those of the evolutionary distance algorithm. Reported percent sequence iden-
tities are uncorrected.

Nucleotide sequence accession numbers. The GenBank accession numbers for
the 16S rRNA sequence of the B. zoohelcum strains are as follows: AY289204
(BZ-1), AY398695 (G6669), AY398697 (H1890), AY398698 (H1971D), and
AY398696 (G8498).

RESULTS AND DISCUSSION

Light growth of BZ-1 strain was observed only on the choc-
olate agar plates after 48 h of incubation at 37°C. The organism
did not grow on blood or MacConkey agar plates. The strain
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stained was gram negative and oxidase and indole positive. The
organism was too fastidious for identification and susceptibility
testing with traditional methods. The remaining four strains
were positive for catalase, oxidase, urease, indole, H,S produc-
tion, and gelatin hydrolysis and were negative for esculin hy-
drolysis, citrate, and nitrate reduction. A 1,415-nucleotide con-
sensus sequence of the 16S rRNA gene of strain BZ-1 was
submitted to GenBank to search for matching bacterial se-
quences by BLAST. The closest match was B. zoohelcum
ATCC 43767, with only 96.6% sequence identity. We observed
that the 16S rDNA sequence of the ATCC strain (GenBank
accession no. M93153) had a high number of ambiguous bases.
In order to further determine whether this pathogen was a
novel species in the genus Bergeyella, we sequenced the 16S
rRNA genes of four additional B. zoohelcum strains linked to
cellulitis and dog bite wounds and performed a detailed phy-
logenetic analysis.

Phylogenetic analysis. A representative phylogenetic tree,
inferred by evolutionary distance methods (see Materials and
Methods for details) is shown as Fig. 1. The robustness of this
tree was assessed by bootstrap resampling with evolutionary
distance (1,000 replicates), maximum parsimony (1,000 repli-
cates), and maximum likelihood (100 replicates) analyses. The
phylogenetic grouping of all B. zoohelcum strains reported
here demonstrated 100% bootstrap values for all three types of
phylogenetic reconstruction. The 16S rRNA gene of the
Bergeyella isolate BZ-1 is, on average, 99.7% identical (range,
99.6 to 99.8%) to the five other B. zoohelcum rDNA sequences
included in this analysis. Although no clear criteria exist to
establish species identity on the basis of IDNA sequence sim-
ilarity, a value of 99.7% is well within the range of intraspecific
percent sequence identities that are observed for the 16S
rRNA genes of other microbial species (e.g., E. coli). More-
over, the average pairwise percent sequence identity for the
five previously characterized B. zoohelcum isolates is 99.5%
(range, 99.4 to 99.9%). We therefore conclude that the isolate
BZ-1 is probably a subspecies of B. zoohelcum.

Clinical relevance. B. zoohelcum is a zoonotic pathogen in-
digenous to dogs and cats. That pathogen is reported to be
present in 38 to 90% of the gingival scrapings and nasal and
oral fluids of dogs (3, 20). It is transmitted to humans after a
bite from a dog or a cat or from close contact with cats (13).
Whether this bacterium is pathogenic to the hosts itself is
unknown (19). Only one published report linked this pathogen
to respiratory disease in a cat, since it was isolated from ne-
crotic lung tissue of the cat (3). B. zoohelcum has been asso-
ciated with several clinical syndromes in humans subsequent to
dog or cat bites or repeated association or contact with them.
This is not surprising because this pathogen has been found in
up to 90% of the oral and nasal fluids and gingival scrapings of
dogs (20). It caused pneumonia in a patient who had exposure
to a dog suspected to be a carrier of this pathogen and caused
meningitis after a dog bite (2, 9). It has also caused cases of
septicemia in (i) an 80-year-old diabetic woman, (ii) in a 77-
year-old woman suffering from cat associated-severe skin in-
fections, and (iii) in a 33-year-old man after a dog bite (13, 17,
18). Other cases included a leg abscess in a 10-year-old after a
dog bite and tenosynovitis in a 35-year-old healthy man after a
Siberian tiger bite (12, 20). The tenosynovitis case was polymi-
crobial in nature and also had a Comamonas species, P. mul-
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Bergeyella zoohelcum, strain BZ-1 (cellulitis; cat bite), AY289204, 1415 nt
Bergeyella zoohelcum, strain H1890 (dog bite), AY398697, 1450 nt.
Bergeyella zoohelcum, strain H1971 (dog bite), AY398698, 1450 nt.

100} Bergeyella zoohelcum, strain G8498 (unspecified), AY398696, 1450 nt.

Bergeyella zoohelcum, ATCC strain 43767, M93153, 1477 nt.
Bergeyella zoohelcum, strain G6669 (cellulitis), AY398685, 1450 nt.

Bergeyella sp. oral clone AK152, AY008691, 1485 nt.
Uncultured Flavobacterium sp., AJ519403, 1304 nt.
Riemerella anatipestifer, U60101, 1386 nt.
Riemerella columbina, AF 181448, 1460 nt.
Chryseobacterium gleum, M58772, 1467 nt.
Chryseobacterium indologenes, M58773, 1462 nt.
Chryseobacterium indologenes, AY050493, 1467 nt.
Chryseobacterium indoltheticum, M58774, 1371 nt.
Chryseobacterium balustinum, M58771, 1468 nt.
Chryseobacterium massiliae, AF531766, 1476 nt.
——— Chryseobacterium meningosepticum, M58776, 1280 nt.
99 ﬁ_l————__——f-'lavobacterium breve, D14022, 1262 nt.

Weeksella virosa, M93152, 1468 nt.

Capnocyfophaga gingivalis, 1.14639, 1462 nt.
Cytophaga lytica, M28058, 1494 nt.
Flexibacter tractuosus, M58789, 1475 nt.
Runelfa slithyformis, M27798, 1457 nt.
Bacteroides ovatus, X83952, 1395 nt.
Prevotella buccalis, L16476, 1474 nt.
Escherichia coli, U000086, 1542 nt.

FIG. 1. Evolutionary distance phylogram of selected flavobacterial 16S rRNA sequences, including that of the newly isolated Bergeyella sp.
isolate BZ-1. rRNA sequences of more distant relatives, including representatives of the genera Bacteroides, Cytophagales, Flexibacteriaceae, and
Prevotella, are also included for comparison. The 16S rRNA sequence of E. coli (U00006) was chosen as an outgroup for this phylogenetic analysis.
Sequences are identified by species name and length of sequence analyzed. Branch points supported by bootstrap values that are =90% (1000
bootstrap replicates with resampling) and their respective values are mentioned. Unlabeled branches have <70% bootstrap values. The inset
depicts the larger-scale phylogenetic relationships among the major clades of the Bacteroides-Cytophagales-Flexibacterium domain of bacteria. The
heights of the triangles in this figure represent the relative numbers of taxa in the 16S rRNA sequence database. nt, nucleotides.

tocida, and other gram-negative bacteria (12). These clinical
cases suggest that B. zoohelcum is an opportunistic pathogen.
Even though this bacterium is considered to be of low viru-
lence (13), infections due to this bacterium should be treated
promptly to avoid complications such as endocarditis.

A limited number of studies have been done to determine
the antimicrobial sensitivities of Bergeyella species. The isolate
from a bacteremia case in a 33-year-old was susceptible to
B-lactams, macrolides, and tetracyclines (17). Goldstein et al.
have extensively studied the susceptibility of aerobic and an-
aerobic pathogens isolated from soft tissue bite infections (7,
8). Specifically, they reported that W. zoohelcum (Bergeyella)
isolates are sensitive to gatifloxacin at =0.016 pg/ml and to the
linezolid at that drug’s MIC (=2 pg/ml), besides other stan-
dard antibiotics (8). However, one should know that there are
no accepted NCCLS standards for antibiotic susceptibility test-
ing or breakpoints for B. zoohelcum.

Although B. zoohelcum is well recognized as a zoonotic
pathogen, the detection of this bacterium in human subgingival
crevice by 16S rDNA sequence analysis (14) raises important
questions regarding its host diversity, ecological significance,
and pathogenesis. First, is this zoonotic pathogen also a com-

mensal of human oral flora as described by Kroes et al. (14)?
Second, it is not known if the unidentified Weeksella species
from oral rinses of patients with nasopharyngeal carcinoma
(15) were related to W. virosa-like organisms or were related to
B. zoohelcum. Interestingly, Woo et al. reported that B. zoohel-
cum could be misidentified as Riemerella anatipestifer if the
MicroSec 500 16S rDNA-based identification system, which
uses the first 527 bases of the 16S rRNA gene, is used (28).
Third, the ecological habitat of B. zoohelcum seems to be
related to the oral environment, regardless of the host. These
questions can be answered only when more clinical cases in-
volving this pathogen are thoroughly characterized by bio-
chemical and molecular means and are reported. In conclu-
sion, it is possible that fastidious strains of B. zoohelcum from
animal bite wounds could have been underreported.
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