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ABSTRACT
A 7-year-old, castrated male, Persian cat was presented to the hospital with acute onset of extreme 
reluctance to move. The cat lived strictly indoors, with no contact with other animals. It was fed 
exclusively a commercial kibble. Severe mid lumbar back pain and extreme reluctance to move were 
the only abnormalities on physical and neurological examinations. Blood test abnormalities included 
mild lymphopenia and mildly increased serum creatinine kinase activity. Thoracic and lumbar survey 
radiography and magnetic resonance imaging (MRI) were unremarkable. Cerebrospinal fluid (CSF) 
analysis showed marked neutrophilic pleocytosis. CSF culture yielded pure growth of Streptococcus suis, 
sensitive to all antibiotics tested, excluding azithromycin. Pending CSF culture results, the initial treatment 
included intravenous clindamycin and ceftriaxone. After four days, the cat showed hypersalivation, vomiting 
and inappetence. Based on bacterial culture and sensitivity results, oral amoxicillin-clavulanic acid and 
cefpodoxime were prescribed. Three weeks after presentation, the cat had only mild inappetence, but 
was neurologically normal. A repeat CSF analysis two months post-discharge was normal. At that point 
antibiotic treatment was discontinued. S. suis is an uncommon causative infective agent of meningitis in 
cats, however, it should be considered as such, even when there is no historical evidence of exposure to 
pork or swine-related remains. The favorable outcome of this case was probably due to the very short lag 
of time from onset of clinical signs to the administration of aggressive antibiotic treatment, the overall 
good health status of this cat, and possibly low bacterial virulence.
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INTRODUCTION
Streptococcus suis infection is a major disease in pigs, causing 
meningitis, septicemia, arthritis, pneumonia, and endocar-
ditis (1, 2). Although historically considered an important 
pathogen exclusive to pigs, over the last decades, it has been 
increasingly isolated from a wide range of other mammalian 
species, including lambs, horses, dogs, cats and humans, as 

well as from birds (3-9). A single case of S. suis meningoen-
cephalitis, manifested by neurological signs, and diagnosed 
at necropsy, was previously described in a cat (10).

This report describes a case diagnosed ante mortem of 
spinal meningitis associated with S. suis infection. To the 
authors' knowledge, this is the first report of such a case, 
which has been successfully treated. 

Case Report
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A 7-year old, castrated male, Persian cat 
was presented to the hospital due to acute 
onset of reluctance to move that had 
started 24 hours prior to presentation. The 
cat lived exclusively indoors and had no 
contact with other animals. It was solely 
fed a dry feline commercial kibble. There 
was no history of trauma prior to the onset 
of the clinical sings. 

Physical and neurological examina-
tions revealed reluctance to move and 
severe mid lumbar spinal pain. Based 
on these findings, a lesion affecting the 
lumbar meninges and (or) the spinal cord 
was suspected. 

Complete blood count (CBC; Advia 
2120i, Siemens, Erfurt, Germany) showed 
mild lymphopenia (0.94x103/µL; reference 
interval [RI]: 2.0-7.2x103/µL). Stained 
(modified Wright’s staining solution) 
blood smear examination revealed mild 
neutrophilic left shift, mild neutrophil 
cytoplasmic toxicity (mild Döhle body 
formation) and some giant platelets. 
Serum chemistry (Cobas 6000, Roche, 
Manheim, Germany; at 37°C) showed 
mildly increased creatine kinase activity 
(340 IU/L; RI, 73-260 IU/L), mild hy-
ponatremia (142 mmoL/L; RI, 145-158 
mmoL/L) and mild hypochloridemia 
(107.3 mmoL/L; RI, 110-126 mmoL/L). 
Thoracic and lumbar survey radiographs 
were unramarkable. 

Magnetic resonance imaging (MRI; 
Siemens Magnetom C 0.35T, Siemens Medical Systems, 
Germany) was performed, from spinal vertebrae T3 to S3, 
with transverse, sagittal and dorsal planes, T1-weighted (pre- 
and post-contrast) and T2-weighted sequences. The images 
obtained did not show any abnormality. 

Lumbar puncture cerebrospinal fluid (CSF) analysis 
revealed mild iatrogenic blood contamination, with marked 
pleocytosis (total cell count [TCC], 2880 cells/µL; RI, <5; 
Figure 1) and increased protein concentration (72 mg/dL; 
RI, ≤25). Cytological CSF examination showed marked 

neutrophilic pleocytosis (90% of nucleated cells), with some 
reactive macrophages (8%) and reactive monocytes (2%). 
Intracellular cocci within neutrophils and macrophages were 
occasionally observed (Figure 2). The CSF was sent for bac-
terial culture and sensitivity.

A CSF sample was injected into pediatric blood cul-
ture bottle (BACTEC™ Peds Plus™; Becton Dickinson, 
Sparks, NV) and incubated (BACTEC™ FX unit; Becton 
Dickinson, Sparks, NV). Positive growth was detected 
after two days, flagged positive by the BACTEC FX unit. 

Figure 1: Cytology of cyto-centrifuged cerebrospinal fluid from a cat with spinal meningitis 
associated with Streptococcus suis infection. A. Note the severe suppurative inflammation, 
manifesting predominantly neutrophilc pleocytosis. Occasional monocytes may be seen 
as well (Modified Wright’s stain; original magnification X200). B. Marked neutrophilic 
pleocytosis. A cluster of highly reactive macrophages phagocytizing neutrophils can be 
seen in the center of the image (Quick Romanowsky stain; original magnification X600).

Figure 2: Cytology of cyto-centrifuged cerebrospinal fluid from a cat with spinal meningitis 
associated with Streptococcus suis infection. A. A cluster of highly reactive macrophages can 
be seen in the center of the image. The macrophages show phagocytosis of cellular elements, 
most probably neutrophils. Intracellular bacterial cocci can be seen (red arrows) (Quick 
Romanowsky stain; original magnification X600). B. Note the intracellular bacteria within 

neutrophils (red arrows) (Modified Wright’s stain; original magnification X1000). 
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Direct microscopic Gram staining showed presence of 
Gram-positive cocci. Samples were cultured on 5% sheep 
blood, Columbia CNA, CDC anaerobic blood (HyLab, 
Rehovot, Israel), chocolate, MacConkey and CDC anaerobic 
Blood+gentamycin (NOVAmed, Jerusalem, Israel) plates. 
After 24hr of incubation at 35°C, in presence of 5% CO2, 
small gray-white α-hemolytic, catalase-negative colonies were 
observed. Bacterial identification was performed directly from 
the colonies by matrix-assisted laser desorption ionization 
time-of-flight (MALDI-TOF) mass spectrometry (VITEK 
MS, BioMerieux, Marcy l’Etoile, France). The bacteria were 
identified as S. suis. Antimicrobial susceptibility testing was 
performed both directly on the positive blood culture, and 
on the next day, from colony suspension as well, according to 
Clinical and Laboratory Standards Institute (CLSI) guide-
lines (11). The S. suis isolate was sensitive to all antibiotics 
tested, excluding azithromycin (Table 1).

The history, clinical signs and CSF analysis results were 
consistent with bacterial meningitis. The cat was hospital-
ized (day 1), and intravenous lactated Ringer’s solution (Teva 
Medical, Ashdod, Israel) was administered (at 10 ml/kg/h). 
Intravenous clindamycin (clindamycin Injection, Rafa 
Laboratories, Jerusalem, Israel; 15 mg/kg IV q12h) and cef-
triaxone (Pan-ceftriaxone, Panpharm Laboratoires, Luitre, 
France; 7 mg/kg IV q12h) treatment was initiated, pending 
bacterial culture results. After 48 hours, IV clindamycin was 
switched to oral therapy (Dalacin C, Pfizer, Cisse-sur-Poce, 
France; 17 mg/kg PO q12hs) and ceftriaxone therapy was 
substituted with oral cefpodoxime-proxetil (Simplicef, Zoetis 

Inc., Sandoz Kundl, Austria; 17 mg/kg q24hs). On day 4, 
the cat showed hypersalivation, inappetence, one vomiting 
episode and moderate lumbar spinal pain. Abdominal ultra-
sonography was unremarkable. Repeat CBC showed marked 
absolute eosinophilia (3.9x103/µL; RI, 0.3-1.7 x103/µL) that 
was confirmed by blood smear examination. 

When the above-mentioned bacterial culture and sen-
sitivity results became available, clindamycin was then dis-
continued, and substituted with amoxicillin-clavulanic acid 
(Synulox, Zoetis, Latina, Italy; 17 mg/kg PO q12h) while 
cefpodoxime-proxetil was continued. Mirtazapine (generic, 
Teva, Petach-Tikva, Israel; 1.25 mg q24h PO for 3 days) and 
omeprazole (generic, Teva, Petach-Tikva, Israel; 1 mg/kg PO 
q24h for 3 days), were also administered. The cat markedly 
improved clinically, and showed moderate appetite and mild 
back pain and was discharged on day 6.

The cat was rechecked three weeks post discharge. 
Although it has not regained normal appetite, it was bright, 
alert and responsive, with no back pain signs. The above-
mentioned antibiotic treatment was continued for four 
additional weeks. Upon reexamination, two months post 
presentation, the cat appeared completely normal. Physical 
and neurological examinations were both unremarkable. 
A second lumbar CSF tap was performed. The cytological 
examination was suggestive of a moderate iatrogenic blood 
contamination (TCC, 1000 cells/µL), but infection and 
inflammation were ruled out based on presence of very few 
mononuclear cells and absence of neutrophils, while the CSF 
protein concentration was only marginally increased (31 mg/
dL). The antibiotic treatment was then discontinued. On 
reexamination two weeks later, the cat was neurologically 
normal. One year after its first presentation to the hospital, 
on a telephone interview, the owner had reported that the 
cat was completely healthy. 

DISCUSSION
Streptococcus suis is an important pathogen in the swine 
industry, and is prevalent worldwide (12). Nevertheless, 
reported infections in other mammals and birds are limited 
to few isolated case reports (3-5, 8, 9). S. suis is transmitted 
among pigs both vertically and horizontally (13). Vertically, 
S. suis infections may be transferred from sow to piglets dur-
ing parturition colonizing the piglet’s tonsils. Horizontal 
transmission among pigs is presumed to occur mainly via 

 Table 1: Antimicrobial susceptibility of the Streptococcus suis strain 
isolated from the cerebrospinal fluid of cat with suppurative meningitis.

Antibiotic Susceptibility MIC (mcg/mL)
Ampicillin S 0.016

Amoxicillin-Clavulanic Acid S
Cefuroxime S
Ceftriaxone S
Penicillin G S 0.016

Erythromycin S
Clindamycin S
Vancomycin S

Sulfamethoxazole-Trimethoprim S
Tetracycline S

Azithromycin R 1.5
Chloramphenicol S

MIC, minimal inhibitory concentration; S, sensitive; R, resistant.
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the respiratory (oro-nasal) route, by contact between infected 
and uninfected pigs (13, 14). Nevertheless, other infection 
routes, such as gastrointestinal, are suspected, but have yet 
to be proven (12, 13, 15).

S. suis has been isolated from tonsillar swabs of clinically 
healthy cats, dogs and horses, and in cats with pleuropneu-
monia and moist dermatitis (3, 4). One previous report has 
described the potential central nervous system pathogenic-
ity of S. suis in cats. Severe S. suis meningoencephalitis was 
described in a Carthusian cat that was submitted for necropsy 
after 15 days of fever, anorexia, weakness and ataxia (10). 

This case, to the best of the authors’ knowledge, is the 
first report of spinal meningitis associated with S. suis infec-
tion in a cat. Previously, myelitis has been reported in pigs, 
sheep and humans, following septicemia (2, 16, 17). However, 
septicemia seemed highly unlikely in the present cat, because 
the only clinical signs that it had presented were reluctance to 
ambulate and lumbar spinal pain, however without significant 
signs of severe systemic illness. The leukocyte count was un-
remarkable, although mild neutrophilic cytoplasmic toxicity 
was noted at presentation. The absence of other neurological 
abnormalities suggested that the infection involved mainly 
the meninges. Although the presence of an additional infec-
tive agent that could not be cultured from the CSF cannot 
be entirely ruled out, the pure CSF culture of S. suis obtained, 
with absence of other infectious agents in the cytological 
examination of the CSF, were highly suggestive that this 
bacterium was the chief, and very likely, the sole causative 
agent of the meningitis and clinical signs in this cat.

In humans, MRI is considered the modality of choice for 
the radiological diagnosis of spinal meningitis or empyema, 
with 91% sensitivity (18, 19). The characteristic MRI find-
ings include hyperintense extradural lesion on T2-weighted 
images, contrast enhancement after intravenous injection of 
gadolinium-based agent on T1-weighted images, and chang-
es in adjacent tissues (e.g., discospondylitis, epaxial muscle 
changes and sinus tracts) (18-21). Similar MRI changes have 
been described in empyema cases in dogs and cats (22-27). In 
our case, the very short disease course, from the onset of the 
initial clinical signs to the time the MRI imaging was per-
formed, likely accounted for the lack of MRI abnormalities. 
Furthermore, the small size of our patient likely contributed 
to suboptimal images on our low-field MRI, so that subtle, 
undetectable radiological changes might have been present. 

The CSF analysis results in this case were indicative of 

severe bacterial suppurative meningitis. Clindamycin and 
ceftriaxone were selected as the initial antibiotics because of 
their wide volume of distribution and ability to penetrate the 
blood-brain barrier (28). This was considered important for 
preventing further dissemination of the infection to other 
spinal cord segments. Anorexia, hypersalivation and vomit-
ing that were noted in this cat were assumed to be adverse 
effects of clindamycin therapy in cats (29, 30). Indeed, once 
oral clindamycin was discontinued, the cat’s appetite had 
improved, and hypersalivation and vomiting did not recur. 
Clindamycin, which was an empirical choice, was replaced 
later on with amoxicillin-clavulanic acid, and the third gen-
eration cephalosporin therapy that has been administered as 
well has been maintained (through cefpodoxime therapy). 
This empirical choice of antibiotics proved to be appropriate 
based on the bacterial sensitivity results, and therefore, this 
therapy was administered. 

Interestingly, a repeat CBC, performed on day 4, showed 
marked absolute eosinophilia, which was not present upon 
admission. Eosinophilia is most commonly associated with 
parasitic, hypersensitivity and neoplastic disorders, while in 
acute bacterial infections, eosinopenia is more commonly ob-
served. Nevertheless, eosinophilia has already been described 
in bacterial infections, particularly, in cases of infections with 
Streptococcus spp. and Staphylococcus spp. (31). 

In this case, it was impossible to characterize the precise 
S. suis strain and examine its virulence characteristics, but 
it is reasonable to assume that it had moderate virulence, 
which possibly played part in the overall favorable response 
to therapy. Other factors that may have played roles in this 
favorable outcome are the short disease course from onset of 
clinical signs to the initiation of aggressive, broad-spectrum 
intravenous antibiotic therapy and the good overall general 
condition of this cat. 

This particular cat and its owners had no apparent history 
of exposure to pigs, a farm environment, or swine-based diet 
(e.g., raw pork). Its diet was exclusively a feline commercial 
one, and the cat lived strictly indoors. Although in most S. 
suis infections in humans, patients were either exposed to pigs 
through their occupation or had consumed raw pork (32-34), 
while in few cases, such exposures were absent, and the in-
fection source remained unclear (35-37). Similarly, in two 
young lambs with polyserositis, arthritis and endocarditis due 
to S. suis, the infection source remained unknown (7). The 
transmission routes of S. suis vary (14). While among pigs 
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its transmission is considered mostly through the oro-nasal 
route, in humans, several exposure routes are considered pos-
sible, including oral and respiratory routes, as well as through 
cutaneous contact with infected lesions (35, 38). We therefore 
postulate that similarly to what is now assumed in human 
medicine (13, 14, 38), it is reasonable that some animals, 
including cats, may be healthy S. suis carriers, and potentially 
develop clinical infection only under special circumstances 
(e.g., stress, immunosuppression and comorbidities), and if so, 
such carrier animals might serve as reservoirs, posing health 
risks for other animals and humans. 

In conclusion, S. suis is an uncommon infective cause of 
meningitis in cats. CSF cytological analysis and bacterial 
culture were useful in the ante mortem diagnosis of the infec-
tion. The relatively short disease course prior to presentation, 
the general good condition of this particular cat, the prompt, 
aggressive intravenous antimicrobial treatment and possibly, 
a moderate virulence of this specific S. suis strain, all con-
tributed to the observed favorable outcome. S. suis should be 
considered among the potential infective agents in cases of 
meningitis and encephalomyelitis in cats, even when proven 
contact with pigs or swine meat products or remains, is absent 
in the history. The zoonotic potential of such infection of cats 
should not be overlooked.

REFERENCES
1.	 Sanford, S.E.: Gross and histopathological findings in unusual 

lesions caused by Streptococcus suis in pigs. I. Cardiac lesions. Can. 
J. Vet. Res. 51:481-485, 1987.

2.	 Sanford, S.E.: Gross and histopathological findings in unusual le-
sions caused by Streptococcus suis in pigs. II. Central nervous system 
lesions. Can. J. Vet. Res. 51:486-489, 1987.

3.	 Devriese, L.A., Cruz-Colque, J.I., De Herdt, P. and Haesebrouck, 
F.: Identification and composition of the tonsillar and anal entero-
coccal and streptococcal flora of dogs and cats. J. Appl. Bacteriol. 
73:421-425, 1992.

4.	 Devriese, L.A. and Haesebrouck, F.: Streptococcus suis infections in 
horses and cats. Vet. Rec. 130:380, 1992. 

5.	 Gottschalk, M., Xu., J, Calzas, C. and Segura, M.: Streptococcus suis: 
a new emerging or an old neglected zoonotic pathogen? Future 
Microbiol. 5:371-391, 2010.

6.	 Muckle, A., Giles, J., Lund, L., Stewart, T. and Gottschalk, M.: 
Isolation of Streptococcus suis from the urine of a clinically ill dog. 
Can. Vet. J. 51:773-774, 2010.

7.	 Muckle, A., López, A., Gottschalk, M., López-Méndez, C., Giles, 
J., Lund, L. and Matthe, S.: Isolation of Streptococcus suis from 2 
lambs with a history of lameness. Can. Vet. J. 55:946-849, 2014.

8.	 Segura, M., Zheng, H., de Greeff, A., Gao, G.F., Grenier, D., 
Jiang, Y.,Lu, C., Maskell, D., Oishi, K., Okura, M., Osawa, R., 

Schultsz, C., Schwerk, C., Sekizaki, T., Smith, H., Srimanote, P., 
Takamatsu, D., Tang, J., Tenenbaum, T., Tharavichitkul, P., Hoa, 
N.T., Valentin-Weigand, P., Wells, J.M., Wertheim, H., Zhu, B., 
Gottschalk, M. and Xu, J.: Latest developments on Streptococcus 
suis: an emerging zoonotic pathogen: part 1. Future Microbiol. 
9:441-444, 2014.

9.	 Segura M, Zheng H, de Greeff A, Gao GF, Grenier D, Jiang 
Y,Lu, C., Maskell, D., Oishi, K., Okura, M., Osawa, R., Schultsz, 
C., Schwerk, C., Sekizaki, T., Smith, H., Srimanote, P., Taka-
matsu, D., Tang, J., Tenenbaum, T., Tharavichitkul, P., Hoa, N.T., 
Valentin-Weigand, P., Wells, J.M., Wertheim, H., Zhu, B., Xu, 
J.and Gottschalk, M.: Latest developments on Streptococcus suis: an 
emerging zoonotic pathogen: part 2. Future Microbiol. 9:587-591, 
2014.

10.	 Roels, S., Devroye, O., Buys, H., Smith, H. and Butaye, P.: Isola-
tion of Streptococcus suis from a cat with meningoencephalitis. Vet. 
Microbiol. 136:206-207, 2009.

11.	 Hindler, J.A., Richter, S.S., Bernard, K., Bodeis- Jones, S., Castan-
heira, M., Citron, M.D., Couturier, M.R., Fritsche, T.R., Hum-
phries. R.M., Jorgensen, J.H., Killian, S.B., Kohner, P., Matuschek, 
E., McDermott, P. and Patel, S.: Methods for antimicrobial di-
lution and disk susceptibility testing of infrequently isolated or 
fastidious bacteria. 3rd Edn.; Clinical and Laboratory Standards 
Institute, Wayne; M45:28-29, 2015.

12.	 Goyette-Desjardins, G., Auger, J.P., Xu, J., Segura, M. and 
Gottschalk, M.: Streptococcus suis, an important pig pathogen and 
emerging zoonotic agent-an update on the worldwide distribution 
based on serotyping and sequence typing. Emerg. Microbes Infect. 
3:e45, 2014.

13.	 Dutkiewicz, J., Sroka, J., Zając, V., Wasiński, B., Cisak, E., Saw-
czyn, A., Kloc, A. and Wójcik-Fatla, A.: Streptococcus suis: a re-
emerging pathogen associated with occupational exposure to pigs 
or pork products. Part I – Epidemiology. Ann. Agric. Environ. 
Med. 24:683-695, 2017.

14.	 Dutkiewicz, J., Zając, V., Sroka, J., Wasiński, B., Cisak, E., Saw-
czyn, A., Kloc, A. and Wójcik-Fatla, A.: Streptococcus suis: a re-
emerging pathogen associated with occupational exposure to pigs 
or pork products. Part II – Pathogenesis. Ann. Agric. Environ. 
Med. 25:186-203, 2018.

15.	 Segura, M., Calzas, C., Grenier, D.and Gottschalk, M.: Initial steps 
of the pathogenesis of the infection caused by Streptococcus suis: 
fighting against nonspecific defenses. FEBS Lett. 590:3772-3799, 
2016.

16.	 Staats, J.J., Feder, I., Okwumabua, O. and Chengappa, M.M.: 
Streptococcus suis: past and present. Vet. Res. Commun. 21:281-407, 
1997.

17.	 Wilson, R.P. and Griffith, J.W. Endocarditis and meningitis caused 
by Streptococcus suis after cardiac surgery in a sheep. Contemp. Top 
Lab. Anim. Sci. 39:43-46, 2000.

18.	 Reihsaus, E., Waldbaur, H. and Seeling, W.: Spinal epidural ab-
scess: a meta-analysis of 915 patients. Neurosurg. Rev. 23:175-204, 
2000.

19.	 Curry, W.T., Hoh, B.L., Amin-Hanjani, S. and Eskandar, E.N.: 
Spinal epidural abscess: clinical presentation, management, and 
outcome. Surg. Neurol. 63, 364-371, 2005. 

20.	 Rigamonti, D., Liem, L., Sampath, P., Knoller, N., Namaguchi, 

Book Vet September 2019.indb   159 01/09/2019   12:03:22



Israel Journal of Veterinary Medicine  Vol. 74 (3)  September 2019Ruggeri, M.160

Case Report

Y., Schreibman, D.L., Sloan, M.A., Wolf, A., Zeidman, S.: Spinal 
epidural abscess: contemporary trends in etiology, evaluation, and 
management. Surg. Neurol. 52:189-196, 1999. 

21.	 Duarte, R.M. and Vaccaro, A.R.: Spinal infection: state of the 
art and management algorithm. Eur. Spine J. 22:2787-2799,  
2013.

22.	 Holloway, A., Dennis, R., McConnell, F. and Herrtage, M.: Mag-
netic resonance imaging features of paraspinal infection in the dog 
and cat. Vet. Radiol. Ultrasound. 50:285-291, 2009.

23.	 Carrera, I., Sullivan, M., McConnell, F. and Gonçalves, R.: Mag-
netic resonance imaging features of discospondylitis in dogs. Vet. 
Radiol. Ultrasound. 52:125-131, 2011.

24.	 Granger, N., Hidalgo, A., Leperlier, D., Gnirs, K., Thibaud, J.L., 
Delisle, F. and Bolt, S.: Successful treatment of cervical spinal 
epidural empyema secondary to grass awn migration in a cat. J. 
Feline Med. Surg. 9:340-345, 2007.

25.	 De Stefani, A., Garosi, L.S., McConnell, F.J., Diaz, F.J., Den-
nis, R. and Platt, S.R.: Magnetic resonance imaging features of 
spinal epidural empyema in five dogs. Vet. Radiol. Ultrasound. 
49:135-140, 2008.

26.	 Maeta, N., Kanda, T., Sasaki, T., Morita, T. and Furukawa, T.: Spi-
nal epidural empyema in a cat. J. Feline Med. Surg. 12:494-497, 
2010.

27.	 Guo, S. and Lu, D.: Clinical presentation, diagnosis, treatment 
and outcome of spinal epidural empyema in four cats (2010 to 
2016). J. Small Anim. Pract. 59: Online Version of Record before 
inclusion in an issue, 2018.

28.	 Nau, R., Sörgel, F. and Eiffert, H.: Penetration of drugs through 
the blood-cerebrospinal fluid/blood-brain barrier for treatment of 
central nervous system infections. Clin. Microbiol. Rev. 23:858-83, 
2010.

29.	 Beatty, J.A., Swift, N., Foster, D.J. and Barrs, V.R.: Suspected 
clindamycin-associated oesophageal injury in cats: five cases. J. 
Feline Med. Surg. 8:412-419, 2006.

30.	 Greene, C.E., Lappin, M.R. and Marks, A.: Effect of Clinda-
mycin on clinical, hematological and biochemical parameters 
in clinically healthy cats. J. Am. An. Hosp. Assoc. 29:323-326,  
1992.

31.	 Webb, J. L. and Latimer, K. S.: Leukocytes. In: Latimer, K. S. 
(Ed) Duncan and Prasse’s Veterinary Laboratory Medicine: Clini-

cal Pathology. 5th ed. Ames, Iowa State University Press, 2011, 
pp. 45-82. 

32.	 Huong, V.T., Thanh, L.V., Phu, V.D., Trinh, D.T., Inui, K., 
Tung, N., Hoa, N.T., Bryant, J.E., Horby, P.W., Kinh, N.V. and 
Wertheim, H.F.: Temporal and spatial association of Streptococcus 
suis infection in humans and porcine reproductive and respiratory 
syndrome outbreaks in pigs in northern. Vietnam. Epidemiol. 
Infect. 144:35-44, 2016.

33.	 Nghia, H.D., Tu, le, T.P., Wolbers, M., Thai, C.Q., Hoang, N.V., 
Nga, T.V., Thao, le. T.P., Phu, N.H., Chau, T.T., Sinh, D.X., Diep, 
T.S., Hang, H.T., Truong, H., Campbell, J., Chau, N.V., Chinh, 
N.T., Dung, N.V., Hoa, N.T., Spratt, B.G., Hien, T.T., Farrar, J. and 
Schultsz, C.: Risk factors of Streptococcus suis infection in Vietnam. 
A case-control study. PLoS One 6: e17604, 2011.

34.	 Yu, H.J., Liu, X.C., Wang, S.W., Liu, L.G., Zu, R.Q., Zhong, 
W.J., Zhu, X.P., Xiang, N.J., Yuan, H., Meng, L., Ou, Y.B., Gao, 
Y.J., Lv, Q., Huang, Y., An, X.D., Huang, T., Zhou, X.Y., Feng, 
L., Pang, Q.D. and Yang, W.Z.: [Matched case-control study for 
risk factors of human Streptococcus suis infection in Sichuan Prov-
ince, China]. Zhonghua Liu Xing Bing Xue Za Zhi. 26:636-639,  
2005.

35.	 Rayanakorn, A., Goh, B.H., Lee, L.H., Khan, T.M. and Saokaew, 
S.: Risk factors for Streptococcus suis infection: A systematic review 
and meta-analysis. Sci. Rep. 8:13358, 2018.

36.	 Takeuchi, D., Kerdsin, A., Pienpringam, A., Loetthong, P., Samer-
chea, S., Luangsuk, P., Khamisara, K., Wongwan, N., Areeratana, 
P., Chiranairadul, P., Lertchayanti, S., Petcharat, S., Yowang, A., 
Chaiwongsaen, P., Nakayama, T., Akeda, Y., Hamada, S., Sawan-
panyalert, P., Dejsirilert, S. and Oishi, K.: Population-based study 
of Streptococcus suis infection in humans in Phayao Province in 
northern Thailand. PLoS One 7: e31265, 2012.

37.	 Huong, V.T., Ha, N., Huy, N.T., Horby, P., Nghia, H.D., Thiem, 
V.D., Zhu, X., Hoa, N.T., Hien, T.T., Zamora, J., Schultsz, C., 
Wertheim, H.F. and Hirayama, K.: Epidemiology, clinical mani-
festations, and outcomes of Streptococcus suis infection in humans. 
Emerg. Infect. Dis. 20: 1105-1114, 2014.

38.	 Feng, Y., Zhang, H., Wu, Z., Wang, S., Cao, M., Hu, D., and 
Wang, C.: Streptococcus suis infection: an emerging/reemerging 
challenge of bacterial infectious diseases? Virulence 5:477-497, 
2014.

Book Vet September 2019.indb   160 01/09/2019   12:03:22


