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Purulent Meningoventriculitis caused
by Streptococcus equi subspecies zooepidemicus
in a Snow Leopard (Panthera uncia)
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Summary

Streptococcus equi subspecies zooepidemicus (SEZ) is a zoonotic pathogen that causes respiratory tract infections in
man and animals. SEZ infections are very rare in felids. This report describes purulent meningoventriculitis
caused by SEZ in an approximately 16-year-old male snow leopard {Panthera uncia). The animal exhibited neu-
rological signs and died 1 month after their onset. On necropsy examination, the surface blood vessels of the
brain were swollen and there was an increased volume and turbidity of cerebrospinal fluid (CSF). Microscop-
ically, suppurative inflammation accompanied by gram-positive cocei was observed in the meninges and near
the ventricles. SEZ was isolated from the brain tissue and CSF. This is the first report of infection with S8EZ in
a felid other than a domestic cat. This animal had not had direct contact with horses, but it had been fed horse

flesh that may have been the source of infection.

© 2012 Elsevier Ltd. All rights reserved.
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Streptococcus equi subspecies zooepidemicus (SEZ) belongs
to the B-haemolytic group C streptococci, which cause
disease in man and animals (Stableforth, 1959). SEZ
may colonize the mucous membranes (e.g. tonsils, up-
per respiratory tract and urogenital tract) of healthy
equids (Lindmark et ¢/., 2001). The bacterium is asso-
ciated with respiratory tract and uterine infections in
horses (Timoney, 2004). This organism is an opportu-
nistic pathogen and can cause a variety of infections
including pneumonia, lung abscesses and guttural
pouch infections in horses. SEZ is associated rarely
with more severe conditions such as septicaemia and
meningitis {Lindmark et al., 2001; Quinn, 2011). As
an opportunistic pathogen, the organism is associated
with respiratory infection and suppurative disease
not only in horses, but also in many animal species
including pigs, sheep, cows, goats, foxes, birds,
rabbits, guinea pigs and monkeys (Stableforth,
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1959). Human infection with SEZ appears to be
a zoonosis that is seen principally in patients consum-
ing unpasteurized milk or dairy products or individ-
uals in close contact with horses (Jovanovié ef al.,
2008). Since 2010, there have been three reports of
SEZ infection in domestic cats (Blum et al., 2010;
Britton and Davies, 2010; Martin-Vaquero ¢ al.,
2011); however, in other felids there are no reports
of infection with SEZ.

In December 2008, an approximately 16-year-old
male snow leopard (Panthera uncia), of body weight
29 kg, which had been kept in a zoological park in
Japan, developed right torticollis and staggered
gait. The general condition of the animal gradually
deteriorated and the leopard died about 1 month af-
ter the onset of clinical signs. In the 2 years preceding
death, the animal had been kept alone in an in-
door—outdoor enclosure and had had no direct con-
tact with any other animals, including horses. The
leopard had been fed thawed horse flesh and chicken
heads. ‘As soon as possible after death, a complete

© 2012 Elsevier Led. All rights reserved.
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necropsy examination was performed at the Labora-
tory of Veterinary Fathmk}gy of Azabu Hniversity

For microscopical examination, samplas from various
tissues including the brain were fixed in 10% neutral
buffered formalin and embedded in paraffin wax.
Sections (3 pm) were stained with haematoxylin
and eosin (HE) and Brown—Hopps Gram stain. No
laboratory diagnostic tests or treatment had been
performed before the animal’s death.

Grossly, there was extensive dilation of the superfi-
cial blood vessels of the brain (Fig. 1). The volume of
cerebrospinal fluid (CSF) was increased and was
cream-like and cloudy in appearance. The cerebral
ventricles were mildly expanded. Other findings
included pulmonary oedema and a thickened epicar-
dium. Lymph nodes, including those of the head and
neck area, were atrophic. There were no abnormali-
ties in the auditory system, including the acoustic
meatus.

Microscopically, there was suppurative inflamma-
tion of the meninges, the choroid plexus and the walls
of the cerebral ventricles. Inflammation of the choroid
plexus and of the walls of the cerebral ventricles was
more severe than that affecting the meninges. In these
areas, in addition to suppurative lesions, there was ne-
crosis of the choroid plexus, fibrin deposition, loss of
the ependymal layer and oedema (Figs. 2, 3).
Perivascular cuffing, dominated by small round cells
and microabscessation, was observed in the cortex
adjac,ent to the ventricles (Fig. 4). Within the lesions
in the meninges, the choroid pie:xas and the walls of
the ventricles, scattered gram-positive cocci were ob-
served arranged in pairs or short chains (Fig. 3). Focal
infiltration of neutrophils was present in the cardiac
muscle. The lung had peribronchial inflammation
and exudative inflammation with rod-shaped, gram-

Fig. 1. Dilation of the superficial blood vesscls of the: brain.
Bar, 2cm.
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Fig. 2. Ventricle of the brain. Purulent inflammation extends into
the ventricle wall. In addition to suppurative lesions, there
was necrosis of the choroid plexus, fibrin deposition, loss of
the ependymal layer and oedema. HE. Bar, 500 pm.

negative bacteria and foreign material in the bronchi-
oles and pulmonary oedema. Other findings were
indicative of systemic congestion.

Bacterial isolation was performed from the brain
tissue and CSF. The samples were plated aseptically
on trypticase soy agar (Becton Dickinson and Com-
pany, Sparks, Maryland, USA) supplemented with

5% defibrinated horse blood and blood liver agar
(Nissui Pharmaceutical Co. Ltd., Tokyo, Japan)
with 5% defibrinated horse blood. The plates were in-
cubated at 37°C for 48 h under aerobic and anaerobic
conditions. The AnaeroPack system (Mitsubishi
Gas Chemical America Inc., New York, New York,
USA) with a catalyst was used for the anaerobic

Fig. 3. Ventricle of the brain showing infiltration by neutrophils
and macrophages with fibrin deposition and necrotic
debris. HE. Bar, 50 pm. Inset: sappurame: ventriculitis
with pairs or short chains of gram-pesitive coccl. Gram
stain. Bar; 5 pm. '
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Streptococeal Meningoventriculitis in a Snow Leopard

Fig. 4. Cerebral cortex. Microabscess with small round cells. HE.
Bar, 100 um.

conditions. The isolate was identified as SEZ by 168
rDNA gene sequence analysis and an API 20 strep
kit (SYSMEX bioMérieux Ltd., Tokyo, Japan).
There was no pathological evidence of concurrent
viral or parasitic disease.

This animal had suppurative meningoventriculitis
with intralesional gram-positive cocci. These lesions
were consistent with those seen in other animals or
people infected with SEZ (de Lisle et al., 1988;
Pusterla o al., 2007; Britton and Davies, 2010;
Minces ¢t al.,, 2011). A diagnosis of SEZ infection
was confirmed by isolation of the organism from the
brain and CSF.

Although SEZ is generally considered an opportu-
nistic pathogen in horses, the bacterium is not consid-
ered part of the normal flora of dogs and cats (Bailie

et al., 1978; Devriese et al., 1992). Human infection

by SEZ is rare and results in meningitis, septicaemia,
nephritis, septic arthritis and pneumonia (Barnham
et al., 1987; Edwards ef al., 1988). In the majority
of these cases, consumption of unpasteurized milk
or direct contact with horses was considered the
most likely source of infection (Barnham ef al., 1987;
Jovanovic et al., 2008).

In the present case, the animal had been isolated
for a long period (2 years) and had no direct contact
with horses. Frozen and thawed horse flesh was given
routinely as feed and was presumed to be the source of
infection. Other animals in the zoological park had
been fed with meat from the same batch of thawed
horse flesh, but did not develop meningitis or
other signs.

Meningitis caused by SEZ generally takes an acute
course, with death occurring within a few days {Gibbs
et al., 1981: de Lisle ¢f al., 1988; Britton and Davies,
2010). In contrast, the present case had a prolonged
course of over a month before death. Purulent
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inflammation was observed primarily in the cerebral
ventricles rather than in the meninges, which is also
an unusual feature of the present case. Human
infection with SEZ is reported primarily in patients
over the age of 70 years or in neonates; such
infection appears to be rare in healthy young adults
(Barnham e al., 1987; Edwards e al., 1988;
Jovanovié et al., 2008). These facts, in combination
with the above observations, suggest that in the
present case the age of the host (older than the
average lifespan), the state of immunity and/or
species-specific factors may have affected the severity
of SEZ infection.

Meningitis caused by SEZ is rare and has been re-
ported in horses (Pusterla ef al., 2007), deer (de Lisle
et al., 1988), goats (Gibbs ¢ al, 1981) and cats
(Blum et al., 2010; Britton and Davies, 2010;
Martin-Vaquero ¢ al., 2011).Only 22 human cases
have been reported (Eyre et al., 2010; Minces ¢f al.,
2011).In cats, SEZ meningoventriculitis is usually
considered secondary to extension of otitis media/
interna (Martin-Vaquero ef al., 2011) or rhinitis
(Britton and Davies, 2010); however, in the present
case neither otitis nor rhinitis were observed by gross
necropsy. Additionally, the purulent inflammation
seen in this snow leopard was mainly in the cerebral
ventricles rather than in the meninges. It has been re-
ported that SEZ is usually transmitted orally, result-
ing from close contact with an infected horse or the
drinking of unpasteurized milk (Barnham ef ol.,
1987; Jovanovié ¢t al., 2008), but the mechanism by
which SEZ causes meningitis is unknown. Since
SEZ is a commensal microbe in the upper
respiratory tract of healthy horses and produces
opportunistic infections in this species, we suspect
that this snow leopard was infected with SEZ after
eating contaminated horse flesh.

Horse flesh is used routinely to feed carnivores in
Japanese zoological parks. Based on the present re-
port, caution should be exercised in order to avoid
the use of SEZ-contaminated horse flesh. A recent
study (Abbott e al., 2010) reported the zoonotic
transmission of SEZ from a dog to its handler, result-
ing in a similar caution being given regarding the use
ofhorse flesh for feeding. Future studies will be needed
to investigate the level of SEZ contamination of horse
flesh used in zoological parks and to clarify the mech-
anism of meningoventriculitis after oral infection,
especially with respect to immune status in the host
(infected) species.
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Streptococcus gallinaceus (S V& 75 LSRR T,
7 A T — DT RUIIE - ST TR DR A S & S B -
FlE XN, 2002 FHHTREE N Y, 2005 40,
TrA Sl TR T, BEORENERE N
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Bl NA EhE -
i - Bl -
FFE: - Pl -

No3 | M |+ Noo | M |+
i = B -
i - i -
HRfi + SREEE
P+ R Z - T

No4 | M o+ FFFii - - -
i o+ No.10 | i - - +
B + el - NA ol =
it + B - NA -
FFFIE: +- PRI - - +

No.5 i - Jid - - -
Bl L No.11 fits — — +
=g - e - NA -
it g + it - NA -
FFi o+ NA : not available

No.6 fifi -
|+ NA +
B NA NA . NA

EEMIRAEB X UMEH © S g « Streptococcus gallinaceus, S. p. : S.pasteurianus penumoniae, Lc. L @ Lactococcus lactis,
S i Sintermedius, Leu. L @ Leuconostoc lactis, S. a. : S.agalactiae

FHHLEZ S, 2) Chadfield M.S., Bojesen,A M., Christensen,J.B. et al. (2005) : Avian
Pathol. 34, 238-247.
31RSCR 3) CollinsM.D., HutsonRA., FalsenE. et al. (2002) : Int. J. Syst.
1) BalmM.N,, TruongH.T., ChoudharyAS. et al. (2008) : J. Med. Evol, Microbiol. 52, 1161-1164.

Microbiol. 55, 957-959.
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ok, R, VARYRP IV REVEE
.. 2,000% 53,0008 2 KX 2 WAERKD 7V —
7ThB, BREPIERL, BEICEL AL 2EBL
HEE2ELTAT, BBLEDLS, »OTHERE, ¥
FPE—2PARES I -T2 VER7 (RNVFRY a8
SFERRE) REDBMYA XD OFVYETAZRR
SR EOREY A XL CHRRRT - BE. BECEA
EhTwlk, —HT, FoREIRS  OABRERYE
BEANTHEBAMSNTCB Y, BREEEHLE, ~v
¥ VIRERERE, U v SBREIRISBEIRE., Ty U H

m#, XY E7rHmE, ~FAxTHLE, 7vyE,

FNVE, FE, 74 LK. A FERE, =7
. BSE, YYFHE, VP AE SR EI6EEM E
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% 55 . Giardia sp ﬂ%}% Cryplosporidiom| Solmonelin | S.aureus &m m Leptospire i Borrelia spp | Barionella sp
Ryt S| TR S| o) s | o] s | | e | e v | e v e vk e | | e e

7 ATVFERY] 15 4 |27%| 5 |33% 4 127%

FUFRAE 8 3 |38%

P79A%e: | 10 3 |30% v 1 |10% 4 |40% 5 |50%

FIUHFERAE] 20 6 |30%| 2 |10% 8 |40% 5 125%
2}’ EAzavbERLy| 8 8 100% 1 |13% 63%
z AFTaereRty 16| 3 |19% | 9 |56% 1| 6%

. |vrarraxs | 4 ; 13 |75%] 4 (1009 1 |25%

§§ aduiyeyx | 28| 7 |25% 6 |21% 25 |189%| 14 |50%| 1 4% 2 |7% | 3 |11%

R nyaeyz 3|2 l67% 3 [100%

FvAnAAR =22 13 13 [1009% 2 |15% 7 |54%

FPAFFRE | 10 2 |20% 10 1009 1 |10%)| 1 |10%| 1 |10%

79T v—EL | 10 2 |20% 5 |50%! 9 |90% 1 110%

A42y7h VRS 10 4 140% 10 [1009% 9 |90% 1 |10%

¥ F2eHR i1

7 -veni7] 69| 2 | 3% 1 |10%| 21 |30%| 32 |46%| 4 | 6% 2 13%

ST YA 30 13 [43%| 5 |17%| 7 |23% 1 | 3% 2 7% 8 |27%]| 19 |63%
L =y 20| 4 |20% 5 |26%| 5 |25%| 4 |20%| 3 |15%

T \pavreeva | 30 3 |10% 6 |20%| 7 |23%| 5 |17%

Y2 R 49 12 24%| 2 14%| 9 |18% 1 |2% 1 12%| 5 |10%| 10 |20%

FYFAYIZ | 10 3 |30%| 1 |10%

ye-Fyveyr| 40| 11 |78%] 6 |15%| 2 | 5% | 4 |10%| 4 |10% 118%| 6 {20%
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& & 512| 91 13 73 34 168 117 16 31 54 50

#£1, WAV > EEOBREFRRERE (PRI5~174)
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‘ - - 2/10 - -
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A F YN R —F 5/10 /10 - 5710 - -
TR AF—NLRY — - 5/10 1/10 - -
# 1OE/[E, 2EENE  + LOVE/E, 3EME AR+ T 73 PRV VEE
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