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The present study was designed to characterize phenotypically and genotypically seven Arcanobacterium
haemolyticum strains obtained from infections of six horses. All seven strains showed the cultural and bio-
chemical properties typical of A. haemolyticum and were susceptible to most of the antibiotics tested. The
species identification could be confirmed by amplification and sequencing of the 16S rRNA gene and the
16S-23S rRNA intergenic spacer region and by PCR amplification of species-specific parts of the gene encoding
phospholipase D in A. haemolyticum. Use of the latter could possibly improve future identification of this
generally human pathogenic bacterial species which, according to the present results, seems to occur also in

infections of horses.

Arcanobacterium haemolyticum, originally known as Coryne-
bacterium haemolyticum, was first described in 1946 and re-
ported to be the cause of exudative pharyngitis and skin in-
fections in humans (23). This bacterial species, formerly
considered to be a mutant form of Actinomyces (Corynebacte-
rium) pyogenes (1), has been reclassified as a single species in
the newly proposed genus Arcanobacterium (8). In the follow-
ing years, the mainly animal pathogenic species Actinomyces
pyogenes and human pathogenic Actinomyces bernardiae were
renamed Arcanobacterium pyogenes and Arcanobacterium ber-
nardiae, respectively, and five new species, namely, Arcanobac-
terium bialowiezense, Arcanobacterium bonasi, Arcanobacterium
hippocoleae, Arcanobacterium phocae, and Arcanobacterium
pluranimalium, were assigned to this genus (14, 19, 20, 28). A.
haemolyticum, known as a pathogen causing nonstreptococcal
pharyngitis (6, 22), could also be isolated from systemic and
deep-seated infections of humans. The latter was reviewed by
Skov et al. (31) and Tan et al. (33). However, the isolation of
A. haemolyticum from animals appears to be rare. Tyrrell et al.
(34) discussed the etiological role of a single A. haemolyticum
strain isolated from a periodontal infection of a rabbit.

The aim of the present study was to characterize phenotyp-
ically and genotypically seven A. haemolyticum strains isolated
from infections of six horses over a period of 10 years.

MATERIALS AND METHODS

Bacterial cultures. A total of 21 bacterial cultures were used in this study. The
cultures included the reference strains A. haemolyticurn DSM 20595, A. bernar-
diae DSM 9152, A. bialowiezense DSM 17162, A. bonasi DSM 17163, A. hippo-
coleae DSM 15539, A. phocae DSM 10002, A. pluranimalium DSM 13483, A.

* Corresponding author. Mailing address: Institut fiir Pharmakolo-
gie und Toxikologie, Justus-Liebig-Universitdt Gieen, Frankfurter
Str. 107, 35392 GieBlen, Germany. Phone: 49-6419938406. Fax: 49-
6419938409. E-mail: Christoph.Laemmler@vetmed.uni-giessen.de.

¥ Published ahead of print on 19 November 2008.

124

pyogenes DSM 20630, Corynebacterium pseudotuberculosis biovar equi DSM
7177, and C. pseudotuberculosis biovar ovis DSM 7179 and seven bacterial cul-
tures isolated from infections of six horses which were presumptively identified
as A. haemolyticum. Further data about the origins of the seven strains are
summarized in Table 1.

Phenotypic properties. Hemolytic properties of the bacteria were examined on
blood agar containing 5% sheep or rabbit blood after incubation of the bacteria
for 24 to 48 h in a candle jar. The rabbit blood was obtained from Harlan
Winkelmann, Borchen, Germany. In addition, a CAMP-like test was performed
on sheep blood agar with Streptococcus agalactiae and Rhodococcus equi refer-
ence cultures, and the reverse CAMP test was performed with a beta-hemolytic
Staphylococcus aureus strain (18, 21). The indicator microorganisms were ob-
tained from the strain collection of Institut fiir Pharmakologie und Toxikologie.
The A. haemolyticum cultures were additionally cultivated on Loeffler agar (2)
and for determination of cross-reactions with streptococcal serogroup G-specific
antisera investigated with a commercial grouping kit (streptococcal identification
kit; Oxoid, Wesel, Germany). For biochemical characterization, the API Coryne
test system (Biomerieux, Niirtingen, Germany) was used according to the in-
structions of the manufacturer as described previously (10). In addition, tablets
containing substrates for investigation of the enzymes alkaline phosphatase,
a-mannosidase, and pyrrolidonyl arylamidase (Inverness Medical, Koln, Ger-
many) were used according to the instructions of the manufacturer (Rosco
Diagnostica A/S, Taastrup, Denmark). Further enzyme studies were performed
using the substrates 4-methylumbelliferyl-B-p-galactopyranoside (5 pmol),
4-methylumbelliferyl-B-p-glucuronide (15 pmol), and 4-methylumbelliferyl-N-
acetyl-B-p-glucosaminide (5 wmol) (Sigma, Steinheim, Germany) dissolved in 0.2
ml of dimethyl sulfoxide as described by Maddocks and Greenan (24). The
individual stock solutions were diluted to 10 ml in acetate buffer, pH 5.2 (32).
The enzyme assay was performed by the method of Slifkin and Gil (32). The
bacteria were additionally investigated for catalase activity with 3% H,O, on
microscopic slides for hyaluronidase enzyme activity with a Streptococcus equi
subsp. equi reference strain by the method of Raus and Love (29) for DNase
activity on DNase test agar (Merck, Darmstadt, Germany) and for acetoin
production with methyl red-Voges-Proskauer broth (Merck).

Antibiotic resistance. The bacterial strains were studied for antimicrobial
susceptibility on Mueller-Hinton agar (Oxoid) plates containing 5% sheep blood
using enrofloxacin (5 g, Oxoid), erythromycin (15 wg), gentamicin (10 pg),
penicillin G (10 TU), tetracycline (30 pg), and sulfamethoxazole-trimethoprim
(23.75 g of sulfamethoxazole and 1.25 pg for trimethoprim) disks (Mast Diag-
nostics, Reinfeld, Germany). The results were recorded according to NCCLS
criteria (26) after 48 h of incubation at 37°C in a candle jar by measuring the
antimicrobial zone diameters.
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TABLE 1. Origin of the seven A. haemolyticum strains isolated from six horses

Date of isolation

A. haemolyticum

Horse Origin strain Other isolated microorganism(s
(day.mo.yr) ¢ designation ¢ ©
1 15.07.1997 Wound infection; surgical clinic 3801 Streptococcus equi subsp. zooepidemicus, coliform bacteria,
Staphylococcus aureus, Escherichia coli, Proteus spp.
2 05.08.1997 Wound infection; surgical clinic 4205 S. equi subsp. zooepidemicus, S. aureus, E. coli, Proteus
spp., Corynebacterium spp.
3 10.12.1997 Wound infection; surgical clinic 6879 Proteus spp., S. aureus, E. coli, aerobic Bacillus spp.,
Morganella morganii
4 17.02.2003 Fistula after castration; surgical clinic 708 S. equi subsp. zooepidemicus, Corynebacterium spp.,
Pasteurella caballi, Fusobacterium nucleatum
5 2005 Dermatitis; no further data available P664 No data available
6 09.05.2007 Dermatitis; veterinarian P3333 Proteus spp., alpha-hemolytic streptococci, Citrobacter
koseri, S. equi subsp. zooepidemicus, S. aureus,
Pasteurella caballi, Actinobacillus equuli
6 09.05.2007 Scurf; veterinarian P3334 S. aureus, alpha-hemolytic streptococci, Corynebacterium

spp., S. equi subsp. zooepidemicus

Genotypic properties. For DNA extraction, a single colony of each isolate was
cultivated and incubated for 48 h on sheep blood agar in a candle jar. Five to 10
colonies of the freshly subcultured strain were subsequently suspended in 180 pl
TE buffer (10 mmol/liter Tris-HCI, 1 mmol/liter EDTA [pH 7.2]) containing 5 .l
mutanolysin (10 U/ul; Sigma). After incubation for 1 h at 37°C, 25 ul proteinase
K (Qiagen, Hilden, Germany) and 200 pl AL lysis buffer (Qiagen) were added,
and the suspension was incubated for an additional 2 h at 56°C. The DNA was
subsequently isolated by using a DNeasy tissue kit according to the manufactur-
er’s instructions (Qiagen).

Sequencing of 16S rRNA gene and 16S-23S rRNA ISR. The 16S rRNA gene
of the seven A. haemolyticum strains was amplified with an expected size of 1,403
bp by using the oligonucleotide primers 16SUNI-L (5'-AGA GTT TGA TCA
TGG CTC AG-3") and 16SUNI-R (5'-GTG TGA CGG GCG GTG TGT AC-3)
(16), which corresponded to bases 8 to 27 and to bases 1391 to 1410 of the 16S
rRNA gene sequence of Escherichia coli (NCBI accession number J01859),
respectively. The intergenic spacer region (ISR) was amplified with an expected
size of 600 bp by using the oligonucleotide primers ¢ (5'-TTG TAC ACA CCG
CCC GTC A-3’) and b (5'-GGT ACC TTA GAT GTT TCA GTT C-3) de-
scribed by Kostman et al. (15) and Chanter et al. (7).

Both PCR amplifications were performed with the following reaction mixture
(30 pl): 1 pl (10 pmol/ul) of each primer, 0.6 pl (10 mmol/liter) of deoxynucleo-
side triphosphates (Fermentas, St. Leon-Rot, Germany), 3 pl GeneAmp 10X
PCR Gold buffer (150 mM Tris-HCI, 500 mM KCI [pH 8.0]) (Applied Biosys-
tems, Darmstadt, Germany), 1.8 pul MgCl, (25 mM) (Applied Biosystems), 0.2 .l
AmpliTaq Gold polymerase (5 U/ul, Applied Biosystems), and 19.9 pl sterile
aqua dest. Finally, 2.5 pl DNA template was added to this reaction mixture. The
PCR program for the 16S rRNA gene was carried out as follows: one step of 10
min at 95°C; 30 cycles, with 1 cycle consisting of 30 s at 95°C, 60 s at 58°C, and
60 s at 72°C; and one step of 7 min at 72°C. For ISR, this program was followed
by one step of 10 min at 95°C; 30 cycles, with 1 cycle consisting of 70 s at 95°C,
70 s at 45°C, and 70 s at 72°C; and one step of 7 min at 72°C using a Biometra
T3000 thermocycler (Biometra, Gottingen, Germany) or Gene Amp PCR system
2400 (Perkin-Elmer, Rodgau Jiigesheim, Germany). The PCR products (8 jl)
were mixed with 2 ul loading dye solution (Fermentas) and separated by 2%
agarose gel electrophoresis (Biozym, Hessisch-Oldendorf, Germany) at 120 V in
1X TAE buffer (4.0 mmol/liter Tris-HCI, 1 mmol/liter EDTA [pH 8.0]) with a
100-bp DNA ladder (Roche, Mannheim, Germany) as the molecular size stan-
dard. The PCR products were than stained for 5 min with 5 wl/ml ethidium
bromide solution (Sigma). The amplicons were then visualized under a UV
trans-illuminator (Bio-Rad, Minchen, Germany) or ImageMaster VDS (Phar-
macia Biotech, Freiburg, Germany).

In parallel, the PCR products were purified using a commercial PCR purifi-
cation kit (QIAquick PCR purification kit) as recommended by the manufacturer
(Qiagen). The purified DNA was sequenced by SEQLAB Sequence Laboratories
(Gottingen, Germany). The obtained sequences of the 16S rRNA gene and of
ISR of the seven A. haemolyticum strains were aligned, further analyzed using the
cluster method of the MegAlign program (DNASTAR Inc., Madison, WI), and
compared with the nucleotide sequences of the 16S rRNA gene and ISR of all
eight Arcanobacterium reference strains obtained from NCBI GenBank: A. hae-
molyticum (GenBank accession numbers AJ234059 and EU194564, respectively),
A. bernardiae (X79224; EU194562), A. bialowiezense (AJ879696; EU194569), A.

bonasi (AJ879697; EU194570), A. hippocoleae (AJ300767; EU194568), A. phocae
(X97049; EU194566), A. pluranimalium (AJ250959; EU194567), and A. pyogenes
(X79225; EU194563).

Design of an A. haemolyticum phospholipase D gene-specific PCR. The A4.
haemolyticum phospholipase D gene (pld)-specific oligonucleotide primers were
designed by OLIGO 4 primer analysis software (version 4.0) using the pld gene
sequence (NCBI GenBank accession number L16583). The forward primer se-
quence was AhF (5'-ATG TAC GAC GAT GAA GAC GCG-3'), the reverse
sequence was AhR (5'-GCT TCC TTG TCG TTG AGA TTA TTA GC-3'), and

TABLE 2. Biochemical properties of the seven A. haemolyticum
strains and A. haemolyticurn DSM 20595 investigated
in the present study

Reaction” by:

Biochemical property

A. haemolyticum A. haemolyticum

(=7 DSM 20595
Nitrate reduction —b b
Pyrazinamidase (+) (4" +b
Pyrrolidonyl arylamidase (+) (6)°; + (7)° —be
Alkaline phosphatase + (7)b +5; —¢
B-Glucuronidase + (2)P4 —bd
B-Galactosidase + (7) +04
a-Glucosidase +(7)" +?
N-Acetyl-B-glucosaminidase + (7) +0b4d
Esculin (B-glucosidase) —b b
Urease -t -t
Gelatin + ()%, (+) (6)® -t
Fermentation of:
Glucose +(7)" +?
Ribose + (7)" +b
Xylose —b b
Mannitol -t -t
Maltose +(7)" +?
Lactose + (7)" +b
Saccharose —b b
Glycogen —b —b
a-Mannosidase + (7)° +¢
Catalase - -
Hyaluronidase - -
DNase +(7) +

Voges-Proskauer

“ The reactions are shown as follows: +, positive reaction; (+), weak reaction;
—, negative reaction. The number of positive strains is shown in parentheses
after a positive reaction.

> API Coryne test system (Biomerieux).

¢ Tablets containing substrates (Inverness Medical).

4 4-Methylumbelliferyl-conjugated substrates (Sigma).
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* Accession number in NCBI GenBank

FIG. 1. Dendrogram analysis of 16S rRNA gene sequences (A) and ISR sequences (B) of the seven A. haemolyticum strains of the present study
and of eight Arcanobacterium reference strains obtained from NCBI GenBank.

the expected size of the amplicon of A. haemolyticum phospholipase D-specific
PCR was 528 bp. The PCR mixture was used as described above. The PCR
program was carried out as follows: one step of 10 min at 95°C; 30 cycles, with
1 cycle consisting of 30 s at 95°C, 60 s at 60°C, and 60 s at 72°C; and one step of
7 min at 72°C. All oligonucleotide primers used in this study were synthesized by
MWG Biotech (Ebersberg, Germany).

RESULTS AND DISCUSSION

All seven bacterial cultures investigated in the present study
could be identified phenotypically and genotypically as 4. hae-
molyticum. Comparable to previous findings (18, 21), the seven
strains produced a narrow zone of complete hemolysis on
sheep blood agar plates, an enhanced hemolysis on rabbit
blood agar plates, a synergistic CAMP-like hemolysis with
Streptococcus agalactiae and Rhodococcus equi indicator strains
and a reverse CAMP reaction with the beta-hemolysin of
Staphylococcus aureus. In addition, the seven strains showed a
moderate liquefaction of Loeffler agar which is well-known to

be a typical property of A. pyogenes (2). However, the serum
liquefaction caused by A. pyogenes DSM 20630 appeared to be
enhanced, and A. haemolyticun DSM 20595 did not cause
serum liquefaction. An extracellular protease of A. pyogenes
had been isolated and further characterized by Schaufuss et al.
(30). The extracellular substance causing the moderate serum
liquefaction of the seven A. haemolyticum strains of the present
study is not known. A cross-reaction with group G-specific
antiserum could be observed, as already described (17), for the
A. pyogenes control strain but not for the seven A. haemolyti-
cum strains. The biochemical properties of the seven A. hae-
molyticum strains determined with the API Coryne test system
are summarized in Table 2. The results corresponded to pre-
vious findings (10). The accuracy of the API Coryne test system
for identification of A. haemolyticum has already been demon-
strated (11, 12). The biochemical properties of the seven A.
haemolyticum strains determined with the API Coryne test
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FIG. 2. Typical species-specific amplicons of the pld gene encoding
A. haemolyticum phospholipase D with a size of approximately 530 bp
(lanes 1, 2, and 3). A negative reaction was seen for A. pyogenes (lane
4). Lanes M, GeneRuler 50-bp DNA ladder (Fermentas).

system could generally be confirmed with tablets containing
substrates determining alkaline phosphatase, a-mannosidase,
and pyrrolidonyl arylamidase enzyme activities and 4-methy-
lumbelliferyl-conjugated substrates investigating the B-galacto-
sidase, B-glucuronidase, and N-acetyl-B-glucosaminidase en-
zymes. In addition, the seven A. haemolyticum strains appeared
to be positive for DNase and negative for catalase, hyaluron-
idase, and acetoin (Table 2). These tests confirmed the findings
of Carlson and Kontiainen (3) and Carlson et al. (4) who
recommended a-mannosidase diagnostic tablets and a nega-
tive Voges-Proskauer reaction for rapid identification of A.
haemolyticum.

According to the results of the antibiotic resistance tests of
the present study, all seven A. haemolyticum strains appeared
to be susceptible to enrofloxacin, erythromycin, gentamicin,
penicillin G, and tetracycline, and four strains appeared to be
susceptible to sulfamethoxazole-trimethoprim. The resistance
of two A. haemolyticum strains to sulfamethoxazole-tri-
methoprim and the susceptibility to most of the other antibi-
otics tested corresponded to the findings of others (5, 17, 35).

The seven A. haemolyticum strains could also be identified
genotypically by amplification and sequencing of the 16S
rRNA gene (NCBI GenBank accession numbers EU409524
to EU409529 and EU915467) and ISR (accession numbers
EU409530 to EU409535 and EU915468) yielding an almost
complete identity to the corresponding sequence of the A.
haemolyticum reference strain obtained from GenBank.
Dendrogram analysis of both sequencing results are shown
in Fig. 1. Sequencing ISR of bacteria of genus Arcanobac-
terium and the design of ISR-specific oligonucleotide prim-
ers had already been used for PCR-mediated identification
of A. bialowiezense and A. bonasi (13).

The species identification of the seven A. haemolyticum
strains could also be confirmed by PCR-mediated amplifica-
tion of species-specific regions of the pld gene encoding phos-
pholipase D of A. haemolyticum. A typical amplicon (expected
size of 528 bp) of the A. haemolyticum phospholipase D-spe-
cific PCR is shown in Fig. 2. No cross-reactivity could be
observed with any of the other Arcanobacterium species or with
both C. pseudotuberculosis reference strains (data not shown).
A PCR-mediated identification of C. pseudotuberculosis using
C. pseudotuberculosis pld-specific oligonucleotide primers had
been described by Pacheco et al. (27). The gene encoding A4.
haemolyticum phospholipase D had been cloned and se-
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quenced and showed some similarities to the corresponding
genes of C. pseudotuberculosis and Corynebacterium ulcerans
(9, 25). However, the A. haemolyticum phospholipase D gene-
specific oligonucleotide primers designed in the present study
could be used successfully for genotypic identification of this
species and might improve a future diagnosis of A. haemolyti-
cum infection in human and veterinary medicine.

To our knowledge, the present study is the first detailed
phenotypic and genotypic characterization of A. haemolyticum
strains isolated from infections of animals. However, at
present, nothing is known about the route of infection and
about the zoonotic potential these strains might have for the
horse owner.
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