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Suppurative meningoencephalitis and
perineuritis caused by Streptococcus
gallolyticus in a Japanese Black calf
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ABSTRACT. A 179-day-old calf, which was weak and stunted, showed neurological signs and
was euthanized. Postmortem examination revealed extensive and severe cloudy area in the
meninges, and pleural pneumonia. Gram-positive cocci were isolated from systemic organs.

J. Vet. Med. Sci. Biochemical and 16S rRNA gene sequence analyses identified the isolate as Streptococcus

84(1): 53-58, 2022 gallolyticus, and its subspecies was suggested to be gallolyticus (SGG). The isolate was classified as
) ) a novel sequence type (ST115) by the multilocus sequence typing scheme for SGG and showed
doi: 10.1292/jvms.21-0518 susceptibility to penicillin, ampicillin, amoxicillin, florfenicol, sulfamethoxazole-trimethoprim, and
chloramphenicol. Histopathologically, suppurative meningoencephalitis and perineuritis were
detected. As SGG has been isolated solely from a cow with mastitis in Japan, this is the first SGG
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The Streptococcus bovis/Streptococcus equinus complex (SBSEC) members originally comprised of Lancefield group D
streptococci [4]. Thereafter, S. bovis was classified into three different biotypes (biotypes I, II/1, and I1/2) based on their phenotypic
(mainly mannitol fermentation) and genotypic characteristics. On the basis of their biochemical and genetic divergences, S. bovis
biotypes were reclassified as Streptococcus gallolyticus subsp. gallolyticus (SGG) (biotype 1), Streptococcus infantarius subsp.
infantarius (biotype 1lI/1), Streptococcus lutetiensis (biotype 11/1) and S. gallolyticus subsp. pasteurianus (SGP) (biotype 11/2) [7,
34]. S. gallolyticus subsp. macedonicus (SGM) was further added as a new subspecies of S. gallolyticus [3, 7, 14, 24, 30, 34].

S. gallolyticus can be identified by a PCR assay targeting the manganese-dependent superoxide dismutase gene (sodA4) [30, 33].
Among the three subspecies of S. gallolyticus, SGG strains were reported to specifically hydrolyze tannic acid and decarboxylate
gallic acid, while SGP strains only showed gallate decarboxylase activity, and SGM strains did not have either activity [25]. In
addition to molecular techniques such as 16S rRNA gene sequence analysis, differences in these enzymatic activities have been
used to identify the subspecies of S. gallolyticus [35].

SGG has been described as a normal inhabitant of the rumen of herbivores and digestive tract of birds [28]. Although not
frequently, it can be detected in the intestinal tract of healthy humans (2.5-15%) [28]. Recently, SGG has been considered a
potential zoonotic pathogen [10, 11]. This bacterium is known to be an opportunistic pathogen in humans [12, 15] and has been
isolated from cases of endocarditis [22]. In addition, SGG has long been known to have a strong association with colorectal cancer
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in humans [18]. SGG is also known to pathogenic to turkey poults [9], chickens [35], ducklings [13], and roe deer [38]. In cattle,
SGG has been isolated from a Japanese Black cow with gangrenous mastitis [20] and a neonatal calf with meningitis [2]. However,
information on the antibiotic susceptibility and genetic and immunohistochemical characteristics of SGG associated with diseases
in ruminants is still limited, which hampers establishment of effective strategies for control of SGG infections in animals.

Here, we present a case of suppurative meningoencephalitis and perineuritis due to suspected SGG infection in a calf wherein
we genetically and phenotypically characterized the causative strain.

In October 2017, a 179-day-old castrated male calf at a breeding farm with 61 Japanese Black cattle in Fukushima prefecture,
Japan, showed astasia, respiratory distress, nystagmus, and tremor. The calf was weak, stunted, and was affected with intermittent
pneumonia from birth. The calf had no history of vaccination. When approximately 5-months old, the calf was treated with
florfenicol (FFC) for pneumonia, and its left displaced abomasum was corrected by rolling. Due to the poor prognosis, the calf
was moved to Fukushima Prefectural Chuo Livestock Hygiene Service Center from the farm and was euthanized. The mother cow
showed no clinical signs, and no gross placental lesions were observed.

At necropsy, the cerebrum, cerebellum, spinal cord, superficial cervical lymph node, subiliac lymph node, bronchial lymph
node, liver, spleen, kidneys, heart, lungs, stomach, and intestinal tissue samples were fixed in 20% neutral-buffered formalin. Fixed
tissues were embedded in paraffin, sectioned (~3 pm), and stained with hematoxylin and eosin (H&E) for histological examination.
Gram staining was also performed on sections from the cerebrum, cerebellum, spinal cord, spleen, and kidney.

For immunohistochemical examination, formalin-fixed, paraffin-embedded sections of the cerebrum were deparaffinized and
incubated with 3% hydrogen peroxide in methanol solution to suppress endogenous peroxidase activity. Antigen was retrieved
using 0.1% actinase E solution in phosphate-buffered saline at 37°C for 20 min. After adding 10% normal goat serum to block
non-specific reactions, sections were incubated with anti-group D Streptococcus (Article number 85207, Statens Serum Institut,
Copenhagen, Denmark), anti-S. bovis (equinus) (kindly provided by Dr. Yasushi Kataoka) and anti-Streptococcus ruminantium
capsular polysaccharide synthesis gene (cps)-type IA (corresponding to Streptococcus suis cps-type 33) (article number 22430,
Statens Serum Institut, Copenhagen, Denmark) and IB (kindly provided by Dr. Fumiko Suzuta and Dr. Kengo Shimojo, Nagasaki
Prefecture, Japan) for 30 min at room temperature.

Sections were incubated with the secondary antibody (Histofine Simple Stain MAX-PO Multi; Nichirei Bioscience Inc., Tokyo,
Japan) for 30 min at room temperature, and then treated with aminoethyl carbazole (AEC) substrate solution (Histofine Simple
Stain AEC solution; Nichirei Bioscience Inc.) at room temperature. Finally, the sections were counterstained with hematoxylin.
Sections of organs injected with bacterial solutions were used as controls. The bacteria used were SGG (strains DTK270
and DTK422), S. lutetiensis (strain DTK428), S. equinus (strain DAT99), Streptococcus alactolyticus (strain DTK211) and
S. ruminantium (cps-type 1A, 1B, 1IA, 1IB, and III strains).

At clinical examination before necropsy, the calf presented with weak heartbeat, muddy diarrhea, astasia, respiratory distress,
nystagmus, and tremor during clinical examination. The body temperature was 39.0°C, and the body size was very small and thin,
similar to a 120-day-old calf (Fig. 1a). At necropsy, extensive and severe cloudy areas in the meninges were detected (Fig. 1b),
with a small increase in the amount of CSF. The right anterior pulmonary pleura was fibrously thickened (Fig. 1¢) and adhered
to the parietal pleura. In addition, the omasum and abomasum adhered to the peritoneum and intra-abdominal organs with diffuse
fibrinous masses on the serosal surface. Thymus size was normal. No other gross lesions were observed.

The histopathological finding in the central nervous system was severe suppurative meningoencephalitis and perineuritis with
numerous gram-positive cocci. In the cerebral parenchyma, perivascular cuffs of neutrophils and macrophages were scattered
(Fig. 1d). The lesions were severe and diffused to the cerebrum grooves, meninges (Fig. 1¢), and cerebellum and extended around
the spinal cord (Fig. 1f). Fibrous pleural pneumonia was observed in the right anterior lung lobe. Numerous gram-positive cocci
embolisms were present in the renal glomerulus, with sporadic micro-abscesses of neutrophils and macrophage infiltration. Gram-
positive cocci were also found in the interstitium of renal tubules. Atrophy of white pulp and gram-positive cocci was detected in
the spleen. Neutrophil infiltration and fibrosis were observed in the area where the omasum and abomasum adhered. Atrophy of
lymphoid follicles was detected in the superficial cervical, subiliac, and tracheobronchial lymph nodes.

The anti-group D Streptococcus serum used in this study reacted with all the Streptococcus strains in positive control sections,
including SGG strains (DTK270 and DTK422). The same serum showed positive reactions to the antigens in gram-positive cocci and
infiltrated macrophage cytoplasm in the lesions (Fig. 1g, 1h), while no reaction was observed in lesions with the other antisera tested.

Cerebrum, cerebrospinal fluid (CSF), liver, spleen, kidneys, heart, lungs, and ascites were sampled and used for the isolation
of bacteria. All the samples were stamped or inoculated onto 5% sheep blood-supplemented blood agar base (BD BBL™) (SBA),
5% sheep blood-supplemented modified GAM agar (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) (MGAM) and MacConkey
agar (MCK) (BD Difco™) and incubated at 37°C for 72 hr in air plus 5% CO, (SBA), anaerobic (MGAM), and aerobic conditions
(SBA and MCK). The cultures were maintained in anaerobic and 5% CO, conditions using the Anaero Pack system (Mitsubishi
Gas Chemical Co., Inc., Tokyo, Japan). The agar plates were examined daily, and three colonies growing on SBA were randomly
selected and subcultured for purification. Pure-cultured bacterial isolates were Gram stained, and species of Streptococcus-
suspected isolates were determined using API Strep20 and API 20 Strep V7.0 (bioMerieux, Marcy-1Etoile, France) according to
the manufacturer’s instructions. Tannase and gallate decarboxylase activities of a representative isolate were determined by the
previously described methods [26, 27], except that brain heart infusion broth (Becton, Dickinson and Co., Franklin Lakes, NJ,
USA) was used to prepare the substrate medium in the gallate decarboxylation test.

Bacterial species of the selected gram-positive cocci were identified by molecular methods. Genomic DNA was extracted
using InstaGene Matrix (Bio-Rad, Hercules, CA, USA) according to the manufacturer’s instructions, and 16S rRNA gene
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Fig. 1. a.Atnecropsy, a 179-day-old calf was very small and thin similar to 120-day-old calf. The buttock and limbs were covered with watery
feces. b. Extensive and severe cloudy areas in the meninges were detected on the brain surface. ¢. Fibrously thickened pulmonary pleura in
the right anterior lung lobe (arrowheads). d. Perivascular cuffing of neutrophils and macrophages in the cerebral parenchyma. Hematoxylin
and eosin (H&E) staining. Bar=20 um. e. Infiltration of neutrophils and macrophages in the temporal lobe meninges of the cerebrum. H&E
staining. Bar=50 um. f. Infiltration of neutrophils and macrophages around the spinal cord. H&E staining. Bar=20 pum. g. Gram-positive
cocci phagocytosed by macrophages in lesions of cerebrum (arrowheads). Gram staining. Bar=20 pum. h. Positive reactions of Gram-positive
cocci to anti Streptococcus group D serum antibody were found in lesions of the cerebrum. Immunohistochemical staining. Bar=20 pum.

sequence of the isolate was determined as described previously [1]. Briefly, approximately 1.5-kb region of 16S rRNA gene
was amplified from the genomic DNA of the isolate using TaKaRa Ex Tag (Takara Bio Inc., Kusatsu, Japan) and primers F1
(5'-GAGTTTGATCCTGGCTCAG-3") and R13 (5~ AGAAAGGAGGTGATCCAGCC-3") [8]. The amplified fragments were purified
using the QIAquick PCR purification kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions and sequenced
using the BigDye Terminator v3.1 cycle sequencing kit and 3130x/ Genetic Analyzer (Applied Biosystems, Thermo Fisher Scientific,
Tokyo, Japan). SEQUENCHER Ver. 5.4.1 (Gene Codes Corp., Ann Arbor, MI, USA) was used for sequence assembly. Isolated
species was identified by analyzing the 16S rRNA gene sequence using the EzBioCloud server (https://www.ezbiocloud.net) [41].
The determined sequence has been deposited in the DDBJ/EMBL/GenBank database under the accession number LC644657.
Antibiotic susceptibility test of the isolate was performed using disk diffusion methods, according to the standard methods of the
Clinical and Laboratory Standards Institute (VETO1S) [6]. Antibiotic disks, including the BD BBL Sensi-Discs (Becton, Dickinson
and Co.) for amoxicillin (AMPC), oxytetracycline (OTC), KB disks (Eiken Chemical Co., Ltd., Tokyo, Japan) for penicillin

J. Vet. Med. Sci. 84(1): 53-58, 2022 55



The Journal of

Veterinary

Medical

Science M. IWANAGA ET AL.

(PCG), ampicillin (ABPC), erythromycin (EM), josamycin (JM), FFC, cephazolin (CEZ), sulfamethoxazole trimethoprim (SXT),
chloramphenicol (CP), and VKB disks (Eiken Chemical Co.) for enrofloxacin (ERFX) were used in the tests.

Multilocus sequence typing (MLST) analysis of the isolated bacterium was performed by sequencing seven genes, as described
previously [10]. The allelic numbers of the sequenced genes were determined by comparing their sequences with those in the SGG
MLST database (https://pubmlst.org/organisms/streptococcus-gallolyticus). Novel alleles and sequence types (STs) were assigned
by submission of data to the database. The novel allele sequences of aroE and nifS have also been deposited in the DDBJ/EMBL/
GenBank database under accession numbers LC645157 and LC645158, respectively.

To detect bovine viral diarrhea virus (BVDV), reverse transcriptase (RT)-PCR assay was performed with cerebrum, spleen, and
urine samples as described previously [39].

Numerous grey-white colored, non-hemolytic, smooth colonies with a diameter of 2-3 mm were detected on SBA plates from
the cerebrum, CSF, liver, spleen, kidneys, lungs, and heart after 24-hr incubation under aerobic and air plus 5% CO, conditions.
The isolated bacteria were gram-positive cocci and biochemically identified as SGG (API Strep profile: 5040533, ID%, 99.8). The
16S rRNA gene sequence of this isolate (accession no. LC644657) showed highest identity to that of the type strain of SGG (ATCC
700065; accession no. FOLZ01000015; 99.86%), followed by the type strains of SGP (CIP 107122; accession no. DQ232528;
99.73%), and SGM (NCTC 13767; accession no. UHFM01000006; 98.98%), supporting the biochemical identification results.
However, tannase and gallate decarboxylase activities of the isolate were negative and positive, respectively, and the results
matched the characteristics of SGP strains but not those of SGG strains (i.e., tannase, positive and gallate decarboxylase, positive)
[25]. The isolate was assigned to a new ST (ST115; allele profile, aroE/glgB/nifS/p20/tkt/trpD/uvrA=29/13/34/4/3/1/1) using the
MLST scheme designed for SGG [10].

The results of antibiotic susceptibility testing are shown in Table 1. The isolated bacteria showed resistance to EM and
intermediate susceptibility to OTC, JM, and ERFX and were susceptible to AMPC, PCG, ABPC, FFC, SXT, and CP.

The result of RT-PCR test was negative for BVDV.

In this study, suppurative meningoencephalitis was detected in a calf in Japan, and S. gallolyticus was isolated from the lesions
as the putative causative agent. The S. gallolyticus isolate was identified as SGG, based on the results of a commercially available
identification kit and 16S rRNA gene sequencing analysis (99.86% identical to that of the type strain of SGG). However, the 16S
rRNA gene sequence was very similar to SGP (99.73%), and tannase and gallate decarboxylase activities of the isolate matched the
reported characteristics of SGP strains; therefore, there is some possibility that the isolate is SGP.

SGG and SGP are known to be opportunistic pathogens [12, 15]. In birds, SGG is known to cause splenic multifocal necrosis
and Kupffer cell hypertrophy with necrosis of macrophages [9], endocarditis [35], and meningitis [13]. In humans, SGG and SGP
are known to cause endocarditis [22, 40], sepsis, and meningitis [5, 37]. Recently, SGG was isolated from a neonatal calf with
meningitis in Turkey [2], and the calf also exhibited neurological signs. In this case, several factors, including poor intake of
colostrum (failure of passive transfer) and insufficient care of the navel region were suspected to be the cause of infection [2]. SGP
is also reported to cause suppurative meningitis-meningoencephalitis with neurological symptoms and mortality in calves in Italy
[36]. In Japan, SGG has been isolated only from a Japanese Black cow with gangrenous mastitis [20]. Therefore, the present case
is the first report of SGG infection in a calf with suppurative meningoencephalitis and perineuritis in East Asia. Since the calf was
weak and stunted from birth and had intermittent pneumonia, the case was considered as an opportunistic infection. Moreover, the
initial disease was pleural pneumonia and the bacteria spread from lung lesions to various organs via septic condition.

Although immunohistochemical staining of S. gallolyticus was performed in pigeons [16], to the best of our knowledge, this
has not been reported in cattle. As SGG strains may have Lancefield group D antigen, anti-group D Streptococcus serum was

Table 1. Results of antimicrobial susceptibility testing

Zone diameter (mm)

Antibiotic disk Disk content — - - - -
Inhibition circle Resistant Intermediated Susceptible

Amoxicillin (AMPC) 25 ug 30 <14 15-20 >21
Oxytetracycline (OTC)* 30 ug 18 <14 15-18 >19
Penicillin (PCG) 10U 32 - - >24
Ampicillin (ABPC)" 10 pg 26 - - >24
Erythromycin (EM)? 15 ug 15 <15 16-20 >21
Josamycin (JM)? 30 ug 12 <11 12-15 >16
Florfenicol (FFC)V 30 pg 25 <18 19-21 >22
Cephazolin (CEZ)® 30 ug 29 - - -
Sulfamethoxazole trimethoprim (SXT)»  23.75/1.25 pug 20 <15 16-18 >19
Chloramphenicol (CP)" 30 pug 23 <17 18-20 >21
Enrofloxacin (ERFX)V 5ug 18 <16 17-22 >23

To determine the antibiotic susceptibility of Streptococcus gallolyticus isolate, disk diffusion method was performed according to the Clinical
and Laboratory Standard Institution (CLSI) Guidelines [6], and the results of antibiotic susceptibility were interpreted according to the zone-
interpretative chart provided by " CLSI (VETO1) [6] for Streptococcus spp. and ) for Streptococcus spp. viridans group, » handling instructions
[https://www.info.pmda.go.jp/downfiles/ivd/PDF/170005_09A2X10001000010 A 01 _07.pdf], ¥ handling instructions [https://www.bdj.co.jp/
micro/products/1f3pro00000gho50-att/54-sd-hantei-other.pdf] and 3 as a reference value because no target bacterial species was available.
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used in this study. The serum successfully detected group D Strepfococcus in the positive-control sections including SGG strains
and antigens in the lesions from which SGG was isolated, whereas no cross-reaction was observed by the other antisera tested,
including anti-S. bovis (equinus) serum. These results suggest the presence of SGG in the lesions and usefulness of anti-group D
Streptococcus serum for detection of SGG in histopathological analyses. However, as the serum may react with streptococci other
than SGG, such as S. lutetiensis, S. equinus, S. alactolyticus, and S. ruminantium, as shown in this study, the development of serum
specific to SGG will be needed in future for more specific detection of SGG and determination of the subspecies on tissue sections.

Using the MLST scheme designed for SGG [10], the isolate in this study was assigned to a novel ST, ST115. Among the 115
STs of SGG isolates, ST12, ST31, and ST115 are the only three STs that have been found in the isolates from diseased cattle
(https://pubmlst.org/organisms/streptococcus-gallolyticus), and ST31, the only double locus variant of ST115, is the most closely
related genotype of ST115. ST31 was found in an isolate from a bovine with mastitis in the United Kingdom, and both ST31
and ST115 have not been detected in other sources, including humans and healthy animals. Therefore, the SGG strains that are
genetically closely related to these two types are more likely to cause opportunistic infections in cattle, although further MLST
analysis using both healthy and diseased cattle isolates is required to verify this hypothesis.

SGG is generally susceptible to frequently-used antimicrobial compounds, but previous studies have reported relatively high
resistance rates of S. gallolyticus to macrolides (45-59%) and tetracyclines (56—78%) [17, 19, 23, 32]. The isolate in the present
study also showed resistance or reduced susceptibility to these drugs (i.e., EM, OTC, and JM). Although further studies using
SGG isolates from various origins are necessary, trends in antimicrobial resistance in Japanese SGG strains might be similar to
previous reports. In addition to macrolides and tetracyclines, the present SGG isolate also showed reduced susceptibility to ERFX.
Notably, macrolides and new quinolones have often been used in the farm in this case, which might have affected the antimicrobial
resistance profile of the SGG isolate. In contrast, in the in vitro analysis, the isolate was susceptible to FFC that was used for
treatment of this case. In addition, the present isolate was also susceptible to SXT and all the penicillins tested (AMPC, PCG, and
ABPC). Penicillins are the most important drugs for the treatment of streptococcal infections. Although reduced susceptibility to
penicillin has been detected in SBSEC strains, it has rarely been observed [29, 31]. As FFC was insufficient for this case, the use
of penicillins may be worth considering as an option for treatment if veterinarians encounter similar cases in this farm in future. In
contrast to the present isolate, SGG from a neonatal calf [2] and SGP from calves [36] were resistant to SXT. Although extremely
varying resistance rates have been reported for SXT in SGP [21, 32], information on susceptibility to SXT is limited in SGG;
therefore, further studies are needed to evaluate the usefulness of SXT in the treatment of SGG infections.

In conclusion, we report a case of histopathological diagnosis of calf suppurative meningoencephalitis and perineuritis caused
by S. gallolyticus. The phenotypic and genetic characteristics of the causative strain suggest that the strain was SGG. Our results
also suggest the usefulness of anti-Group D Streptococcus serum for immunohistochemical analysis of S. gallolyticus infections
and provide important insights into the characteristics of S. gallolyticus, which may cause diseases in cattle. As S. gallolyticus is
considered a potential zoonotic pathogen [10, 11] and has long been known to have a strong association with colorectal cancer
in humans [18], accurate diagnosis including the subsp. identification of S. gallolyticus is important for both animal and public
health. However, the anti-group D Streptococcus serum may detect other group D streptococci. In addition, it is still difficult to
unambiguously identify S. gallolyticus subsp. Therefore, the development of novel diagnostic tools, including SGG- and SGP-
specific antisera, and easy and reliable subsp. identification methods such as PCR will help in diagnosing SGG and SGP infections
and accumulate case data to understand this important zoonotic pathogen.

CONFLICT OF INTEREST. The authors declare no conflict of interest.

ACKNOWLEDGMENTS. We thank Mr. M. Kobayashi and Ms. M. Shimada for their histopathological assistance.

REFERENCES

1. Arai, R., Tominaga, K., Wu, M., Okura, M., Ito, K., Okamura, N., Onishi, H., Osaki, M., Sugimura, Y., Yoshiyama, M. and Takamatsu, D. 2012.
Diversity of Melissococcus plutonius from honeybee larvae in Japan and experimental reproduction of European foulbrood with cultured atypical
isolates. PLoS One 7: €33708 [CrossRef]. [Medline]

2. Ayd, F., Giines, V., Cakir Bayram, L., Abay, S., Karakaya, E., Varol, K., Ekinci, G., Giimiissoy, K. S., Miistak, H. K. and Diker, K. S. 2019. Neonatal
calf meningitis associated with Streptococcus gallolyticus subsp. gallolyticus. Folia Microbiol. (Praha) 64: 223-229 (Praha). [Medline] [CrossRef]

3. Beck, M., Frodl, R. and Funke, G. 2008. Comprehensive study of strains previously designated Streptococcus bovis consecutively isolated from
human blood cultures and emended description of Streptococcus gallolyticus and Streptococcus infantarius subsp. coli. J. Clin. Microbiol. 46:
2966-2972. [Medline] [CrossRef]

4. Ben-Chetrit, E., Wiener-Well, Y., Kashat, L., Yinnon, A. M. and Assous, M. V. 2017. Streptococcus bovis new taxonomy: does subspecies
distinction matter? Eur. J. Clin. Microbiol. Infect. Dis. 36: 387-393. [Medline] [CrossRef]

5. Beneteau, A., Levy, C., Foucaud, P., Béchet, S., Cohen, R., Raymond, J. and Dommergues, M. A. 2015. Childhood meningitis caused by
Streptococcus bovis group: clinical and biologic data during a 12-year period in France. Pediatr. Infect. Dis. J. 34: 136—139. [Medline] [CrossRef]

6. Clinical and Laboratory Standard Institution Guidelines. 2015. Performance Standards for Antimicrobial Disk and Dilution Susceptibility Tests for
Bacteria Isolated from Animals. Approved Standard-3rd ed. CLSI document VETO01S, CLSI, Wayne.

7. Dekker, J. P. and Lau, A. F. 2016. An update on the Streptococcus bovis group: classification, identification, and disease associations. J. Clin.
Microbiol. 54: 1694-1699. [Medline] [CrossRef]

8. Dorsch, M. and Stackebrandt, E. 1992. Some modifications in the procedure of direct sequencing of PCR amplified 16S rDNA. J. Microbiol.
Methods 16: 271-279. [CrossRef]

9. Droual, R., Ghazikhanian, G. Y., Shivaprasad, H. L., Barr, B. C. and Bland, M. B. 1997. Streptococcus bovis infection in turkey poults. Avian

J. Vet. Med. Sci. 84(1): 53-58, 2022 57


http://dx.doi.org/10.1371/journal.pone.0033708
http://www.ncbi.nlm.nih.gov/pubmed/22442715?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/30232728?dopt=Abstract
http://dx.doi.org/10.1007/s12223-018-0649-5
http://www.ncbi.nlm.nih.gov/pubmed/18614655?dopt=Abstract
http://dx.doi.org/10.1128/JCM.00078-08
http://www.ncbi.nlm.nih.gov/pubmed/27796646?dopt=Abstract
http://dx.doi.org/10.1007/s10096-016-2814-6
http://www.ncbi.nlm.nih.gov/pubmed/25144798?dopt=Abstract
http://dx.doi.org/10.1097/INF.0000000000000513
http://www.ncbi.nlm.nih.gov/pubmed/26912760?dopt=Abstract
http://dx.doi.org/10.1128/JCM.02977-15
http://dx.doi.org/10.1016/0167-7012(92)90017-X

The Journal of

Veterinary

Medical

Science M. IWANAGA ET AL.

13.
14.

15.

16.

20.

21.

22.

23.

24.

25.

26.
217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Pathol. 26: 433—439. [Medline] [CrossRef]

Dumke, J., Hinse, D., Vollmer, T., Knabbe, C. and Dreier, J. 2014. Development and application of a multilocus sequence typing scheme for
Streptococcus gallolyticus subsp. gallolyticus. J. Clin. Microbiol. 52: 2472-2478. [Medline] [CrossRef]

Dumke, J., Hinse, D., Vollmer, T., Schulz, J., Knabbe, C. and Dreier, J. 2015. Potential transmission pathways of Streptococcus gallolyticus subsp.
gallolyticus. PLoS One 10: 0126507 [Medline] [CrossRef].

Dumke, J., Vollmer, T., Akkermann, O., Knabbe, C. and Dreier, J. 2017. Case-control study: Determination of potential risk factors for the
colonization of healthy volunteers with Streptococcus gallolyticus subsp. gallolyticus. PLoS One 12: ¢0176515. [Medline] [CrossRef]

Hogg, R. and Pearson, A. 2009. Streptococcus gallolyticus subspecies gallolyticus infection in ducklings. Vet. Rec. 165: 297-298. [Medline] [CrossRef]
Jans, C., Meile, L., Lacroix, C. and Stevens, M. J. 2015. Genomics, evolution, and molecular epidemiology of the Streptococcus bovis/
Streptococcus equinus complex (SBSEC). Infect. Genet. Evol. 33: 419-436. [Medline] [CrossRef]

Kambareyv, S., Pecorari, F. and Corvec, S. 2017. Draft genome sequences of two highly erythromycin-resistant Streptococcus gallolyticus subsp.
gallolyticus isolates containing a novel Tn9/6-Like element, Tn6331. Genome Announc. 5: €00226—e17. [Medline] [CrossRef]

Kimpe, A., Decostere, A., Hermans, K., Mast, J. and Haesebrouck, E. 2003. Association of Streptococcus gallolyticus strains of high and low
virulence with the intestinal tract of pigeons. Avian Dis. 47: 559-565. [Medline] [CrossRef]

Kimpe, A., Decostere, A., Martel, A., Devriese, L. A. and Haesebrouck, F. 2003. Phenotypic and genetic characterization of resistance against macrolides
and lincosamides in Streptococcus gallolyticus strains isolated from pigeons and humans. Microb. Drug Resist. 9 Suppl 1: S35-S38. [Medline] [CrossRef]
Kumar, R., Herold, J. L., Schady, D., Davis, J., Kopetz, S., Martinez-Moczygemba, M., Murray, B. E., Han, F., Li, Y., Callaway, E., Chapkin, R. S.,
Dashwood, W. M., Dashwood, R. H., Berry, T., Mackenzie, C. and Xu, Y. 2017. Streptococcus gallolyticus subsp. gallolyticus promotes colorectal
tumor development. PLoS Pathog. 13: €1006440. [Medline] [CrossRef]

Leclercq, R., Huet, C., Picherot, M., Trieu-Cuot, P. and Poyart, C. 2005. Genetic basis of antibiotic resistance in clinical isolates of Streptococcus
gallolyticus (Streptococcus bovis). Antimicrob. Agents Chemother. 49: 1646—1648. [Medline] [CrossRef]

Matayoshi, M., Funakura, H., Kamikawa, K., Aoyama, K., Katagiri, Y., Nomoto, R., Osawa, R. and Sekizaki, T. 2015. Gangrenous mastitis
associated with Streptococcus gallolyticus subsp. gallolyticus in Japanese Black cattle. Nippon Juishikai Zasshi 68: 291-296 (in Japanese).
Matesanz, M., Rubal, D., Ifiiguez, 1., Rabufial, R., Garcia-Garrote, F., Coira, A., Garcia-Pais, M. J., Pita, J., Rodriguez-Macias, A., Lépez-Alvarez,
M. J., Alonso, M. P. and Corredoira, J. 2015. Is Streptococcus bovis a urinary pathogen? Eur. J. Clin. Microbiol. Infect. Dis. 34: 719-725. [Medline]
[CrossRef]

Nemoto, T., Kunishima, H., Hirose, M., Yamasaki, Y., Torikai, K., Nishisako, H., Takagi, T., Fujitani, S. and Matsuda, T. 2014. A case of
Streptococcus gallolyticus subsp. gallolyticus infective endocarditis with colon adenoma. Kansenshogaku Zasshi 88: 474-477 (in Japanese).
[Medline] [CrossRef]

Nomoto, R., Tien, H. T., Sekizaki, T. and Osawa, R. 2013. Antimicrobial susceptibility of Streptococcus gallolyticus isolated from humans and
animals. Jpn. J. Infect. Dis. 66: 334-336. [Medline] [CrossRef]

Osawa, R., Fujisawa, T. and Lindsay, 1. S. 1995. Streptococcus gallolyticus sp. nov.; gallate degrading organisms formerly assigned to Streptococcus
bovis. Syst. Appl. Microbiol. 18: 74-78. [CrossRef]

Osawa, R. and Sasaki, E. 2004. Novel observations of genotypic and metabolic characteristics of three subspecies of Streptococcus gallolyticus. J.
Clin. Microbiol. 42: 4912-4913. [Medline] [CrossRef]

Osawa, R. and Walsh, T. P. 1993. Visual reading method for detection of bacterial tannase. Appl. Environ. Microbiol. 59: 1251-1252. [Medline] [CrossRef]
Osawa, R. and Walsh, T. P. 1995. Detection of bacterial gallate decarboxylation by visual color discrimination. J. Gen. Appl. Microbiol. 41:
165-170. [CrossRef]

Pasquereau-Kotula, E., Martins, M., Aymeric, L. and Dramsi, S. 2018. Significance of Streptococcus gallolyticus subsp. gallolyticus association
with colorectal cancer. Front. Microbiol. 9: 614. [Medline] [CrossRef]

Pompilio, A., Di Bonaventura, G. and Gherardi, G. 2019. An overview on Streptococcus bovis/Streptococcus equinus complex isolates:
identification to the species/subspecies level and antibiotic resistance. Int. J. Mol. Sci. 20: 480. [Medline] [CrossRef]

Poyart, C., Quesne, G. and Trieu-Cuot, P. 2002. Taxonomic dissection of the Streptococcus bovis group by analysis of manganese-dependent
superoxide dismutase gene (sodA) sequences: reclassification of ‘Streptococcus infantarius subsp. coli’ as Streptococcus lutetiensis sp. nov. and of
Streptococcus bovis biotype 11.2 as Streptococcus pasteurianus sp. nov. Int. J. Syst. Evol. Microbiol. 52: 1247-1255. [Medline]

Rodriguez-Avial, 1., Rodriguez-Avial, C., Culebras, E. and Picazo, J. J. 2005. In vitro activity of telithromycin against viridans group streptococci
and Streptococcus bovis isolated from blood: antimicrobial susceptibility patterns in different groups of species. Antimicrob. Agents Chemother. 49:
820-823. [Medline] [CrossRef]

Romero, B., Morosini, M. 1., Loza, E., Rodriguez-Bafos, M., Navas, E., Canton, R. and Campo, R. D. 2011. Reidentification of Streptococcus bovis
isolates causing bacteremia according to the new taxonomy criteria: still an issue? J. Clin. Microbiol. 49: 3228-3233. [Medline] [CrossRef]
Sasaki, E., Osawa, R., Nishitani, Y. and Whiley, R. A. 2004. ARDRA and RAPD analyses of human and animal isolates of Streptococcus
gallolyticus. J. Vet. Med. Sci. 66: 1467-1470. [Medline] [CrossRef]

Schlegel, L., Grimont, F., Ageron, E., Grimont, P. A. D. and Bouvet, A. 2003. Reappraisal of the taxonomy of the Streptococcus bovis/Streptococcus
equinus complex and related species: description of Streptococcus gallolyticus subsp. gallolyticus subsp. nov., S. gallolyticus subsp. macedonicus
subsp. nov. and S. gallolyticus subsp. pasteurianus subsp. nov. Int. J. Syst. Evol. Microbiol. 53: 631-645. [Medline] [CrossRef]

Sekizaki, T., Nishiya, H., Nakajima, S., Nishizono, M., Kawano, M., Okura, M., Takamatsu, D., Nishino, H., Ishiji, T. and Osawa, R. 2008. Endocarditis
in chickens caused by subclinical infection of Streptococcus gallolyticus subsp. gallolyticus. Avian Dis. 52: 183—186. [Medline] [CrossRef]

Trotta, A., Sposato, A., Marinaro, M., Zizzo, N., Passantino, G., Parisi, A., Buonavoglia, D. and Corrente, M. 2019. Neurological symptoms and
mortality associated with Streptococcus gallolyticus subsp. pasteurianus in calves. Vet. Microbiol. 236: 108369. [Medline] [CrossRef]

van Samkar, A., Brouwer, M. C., Pannekoek, Y., van der Ende, A. and van de Beek, D. 2015. Streptococcus gallolyticus meningitis in adults: report
of five cases and review of the literature. Clin. Microbiol. Infect. 21: 1077-1083. [Medline] [CrossRef]

Velarde, R., Abarca, M. L., Lavin, S. and Marco, 1. 2009. Haemorrhages in the pulmonary artery and aortic valve associated with Streptococcus
gallolyticus subspecies gallolyticus in a roe deer. Vet. Rec. 165: 237-239. [Medline] [CrossRef]

Vilcek, S., Herring, A. J., Herring, J. A., Nettleton, P. F., Lowings, J. P. and Paton, D. J. 1994. Pestiviruses isolated from pigs, cattle and sheep

can be allocated into at least three genogroups using polymerase chain reaction and restriction endonuclease analysis. Arch. Virol. 136: 309-323.
[Medline] [CrossRef]

Yamamura, Y., Mihara, Y., Nakatani, K., Nishiguchi, T. and Ikebe, T. 2018. Unexpected ventriculitis complication of neonatal meningitis caused by
Streptococcus gallolyticus subsp. pasteurianus: a case report. Jpn. J. Infect. Dis. 71: 68—71. [Medline] [CrossRef]

Yoon, S. H., Ha, S. M., Kwon, S., Lim, J., Kim, Y., Seo, H. and Chun, J. 2017. Introducing EzBioCloud: a taxonomically united database of 16S
rRNA gene sequences and whole-genome assemblies. Int. J. Syst. Evol. Microbiol. 67: 1613—1617. [Medline] [CrossRef]

J. Vet. Med. Sci. 84(1): 53-58, 2022 58


http://www.ncbi.nlm.nih.gov/pubmed/18483919?dopt=Abstract
http://dx.doi.org/10.1080/03079459708419225
http://www.ncbi.nlm.nih.gov/pubmed/24789199?dopt=Abstract
http://dx.doi.org/10.1128/JCM.03329-13
http://www.ncbi.nlm.nih.gov/pubmed/25978355?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0126507
http://www.ncbi.nlm.nih.gov/pubmed/28459818?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0176515
http://www.ncbi.nlm.nih.gov/pubmed/19734564?dopt=Abstract
http://dx.doi.org/10.1136/vetrec.165.10.297-a
http://www.ncbi.nlm.nih.gov/pubmed/25233845?dopt=Abstract
http://dx.doi.org/10.1016/j.meegid.2014.09.017
http://www.ncbi.nlm.nih.gov/pubmed/28428309?dopt=Abstract
http://dx.doi.org/10.1128/genomeA.00226-17
http://www.ncbi.nlm.nih.gov/pubmed/14562882?dopt=Abstract
http://dx.doi.org/10.1637/6081
http://www.ncbi.nlm.nih.gov/pubmed/14633365?dopt=Abstract
http://dx.doi.org/10.1089/107662903322541874
http://www.ncbi.nlm.nih.gov/pubmed/28704539?dopt=Abstract
http://dx.doi.org/10.1371/journal.ppat.1006440
http://www.ncbi.nlm.nih.gov/pubmed/15793162?dopt=Abstract
http://dx.doi.org/10.1128/AAC.49.4.1646-1648.2005
http://www.ncbi.nlm.nih.gov/pubmed/25416160?dopt=Abstract
http://dx.doi.org/10.1007/s10096-014-2273-x
http://www.ncbi.nlm.nih.gov/pubmed/25199383?dopt=Abstract
http://dx.doi.org/10.11150/kansenshogakuzasshi.88.474
http://www.ncbi.nlm.nih.gov/pubmed/23883848?dopt=Abstract
http://dx.doi.org/10.7883/yoken.66.334
http://dx.doi.org/10.1016/S0723-2020(11)80451-0
http://www.ncbi.nlm.nih.gov/pubmed/15472381?dopt=Abstract
http://dx.doi.org/10.1128/JCM.42.10.4912-4913.2004
http://www.ncbi.nlm.nih.gov/pubmed/16348918?dopt=Abstract
http://dx.doi.org/10.1128/aem.59.4.1251-1252.1993
http://dx.doi.org/10.2323/jgam.41.165
http://www.ncbi.nlm.nih.gov/pubmed/29666615?dopt=Abstract
http://dx.doi.org/10.3389/fmicb.2018.00614
http://www.ncbi.nlm.nih.gov/pubmed/30678042?dopt=Abstract
http://dx.doi.org/10.3390/ijms20030480
http://www.ncbi.nlm.nih.gov/pubmed/12148636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15673778?dopt=Abstract
http://dx.doi.org/10.1128/AAC.49.2.820-823.2005
http://www.ncbi.nlm.nih.gov/pubmed/21752968?dopt=Abstract
http://dx.doi.org/10.1128/JCM.00524-11
http://www.ncbi.nlm.nih.gov/pubmed/15585969?dopt=Abstract
http://dx.doi.org/10.1292/jvms.66.1467
http://www.ncbi.nlm.nih.gov/pubmed/12807180?dopt=Abstract
http://dx.doi.org/10.1099/ijs.0.02361-0
http://www.ncbi.nlm.nih.gov/pubmed/18459321?dopt=Abstract
http://dx.doi.org/10.1637/8048-070307-Case
http://www.ncbi.nlm.nih.gov/pubmed/31500733?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2019.07.021
http://www.ncbi.nlm.nih.gov/pubmed/26314916?dopt=Abstract
http://dx.doi.org/10.1016/j.cmi.2015.08.003
http://www.ncbi.nlm.nih.gov/pubmed/19700785?dopt=Abstract
http://dx.doi.org/10.1136/vr.165.8.237
http://www.ncbi.nlm.nih.gov/pubmed/8031236?dopt=Abstract
http://dx.doi.org/10.1007/BF01321060
http://www.ncbi.nlm.nih.gov/pubmed/29279439?dopt=Abstract
http://dx.doi.org/10.7883/yoken.JJID.2017.053
http://www.ncbi.nlm.nih.gov/pubmed/28005526?dopt=Abstract
http://dx.doi.org/10.1099/ijsem.0.001755

