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ABSTRACT.	 A captive male Linnaeus’s two-toed sloth died without any obvious clinical signs. 
At necropsy, multifocal ulceration at the lumbar and perianal skin, mitral valve vegetation, and 
multifocal hemorrhage in the leptomeninges were observed. Histopathologically, suppurative 
meningo-ventriculitis, dermatitis, and endocarditis characterized by severe neutrophilic infiltration 
were observed. Gram-positive cocci arranged in pairs or chains were present in these inflammatory 
lesions. Streptococcus agalactiae gene was detected in the skin, heart, and brain tissues by PCR and 
sequence analysis. These findings may indicate that S. agalactiae primarily infected the skin and then 
caused septicemia resulting in endocarditis and meningo-ventriculitis. The present case suggests 
that S. agalactiae infection can cause severe meningo-ventriculitis in two-toed sloth without any 
specific clinical signs.
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Streptococcal infections in humans, domestic animals, and aquatic animals are caused by Streptococcus agalactiae, dysagalactiae, 
canis, equi, suis, bovis, halichoeri, and iniae [3, 5, 10, 12, 17–19]. These streptococcal species exist in the upper respiratory tract, 
urogenital tract, mammary gland, and skin, and cause opportunistic infection [19]. Moreover, Streptococcus spp. may infect skin 
wounds and cause bacteremia, resulting in systemic infection [19]. Typical lesions of streptococcal infections are dermatitis, pneumonia, 
endocarditis, and meningitis [12, 17, 19]. Endocarditis is typically observed at the mitral valve in dogs and pigs [10, 12]. Meningitis 
can complicate choroiditis and ventriculitis [4, 12, 17, 18]. Microscopically, suppurative inflammation with Gram-positive cocci in 
pairs or chains can be detected [4, 12, 17, 18].

Linnaeus’s two-toed sloth (Choloepus didactylus) belongs to the genus Choloepus [16]. Sloths are slow moving, arboreal 
herbivorous, that show quadrupedal suspensory locomotion [16]. Some arboviruses and protozoans are known to infect sloths without 
causing apparent signs of illness [8]. Bacterial infection of the nervous system has not been reported in the sloth. To our knowledge, 
streptococcal infection has not been reported in the sloth. The present paper describes pathological findings of a case of meningo-
ventriculitis caused by S. agalactiae infection in a sloth.

A male two-toed sloth of unknown age was imported from the republic of Guyana to Japan in 2009 and kept at a zoological facility. 
In 2021, the animal was found dead holding on to a tree. No obvious clinical sign was noted by the keepers, and further clinical 
examination was not performed. At necropsy, multifocal hair loss and ulcers covered with pus and scab were observed in the skin 
of the lumbar and perianal regions (Figs. 1 and 2). A 2-mm-sized vegetation at the mitral valve was observed (Fig. 3). There were 
multiple hemorrhagic foci in the leptomeninges at the left temporal lobe and cerebellum (Fig. 4). On the cut surface of the formalin-
fixed brain, the lateral ventricles were occupied by exudates.

The brain and tissues of the visceral organs were collected and fixed in 10% neutral buffered formalin and routinely embedded in 
paraffin. Sections were cut at 4 µm and stained with hematoxylin and eosin. Some sections of the skin, heart, and brain were also stained 
with Gram stain (Brown Hopps method). Histopathologically, the skin lesions at the lumbar and perianal areas were characterized by 
severe ulceration and serocellular crust formation mainly consisting of degenerated neutrophils. In the dermis, neutrophil infiltration 
and clusters of cocci were observed, accompanied by fibrosis and vascularization. In the heart, fibrin and numerous cocci were attached 
to the mitral valve and numerous neutrophils infiltrated the valve (Fig. 5). Neutrophil infiltration, fibrosis and clusters of cocci were 
observed in the endocardium of the left ventricle (Fig. 6). In the brain, numerous neutrophils and fewer macrophages infiltrated the 
lateral ventricles and choroid plexus epithelial cells were sloughed off (Fig. 7). Neutrophils also infiltrated the ependymal layer and 
the surrounding cerebral parenchyma (Fig. 8). Hemorrhage and mild infiltration of neutrophils and macrophages were observed in the 
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cerebral, cerebellar, and brain stem leptomeninges. A few cocci were observed in the lateral ventricles and brain vascular. The cocci 
in the skin, heart, and brain were stained Gram-positive and were often arranged in pairs or chains (Fig. 9). Some of the cocci were 
phagocytosed by neutrophils. A few small foci of neutrophils and bacterial embolus were observed in the liver and the kidney glomeruli.

Based on the histopathological findings, systemic streptococcal infection was suspected, and PCR examination was conducted 
by using formalin-fixed paraffin-embedded (FFPE) tissues of the skin, heart, and brain (frontal lobe and thalamus). Total DNA was 
extracted using the QIAmp® DNA FFPE Tissue Kit (QIAGEN, Venlo, Netherlands). Specific primer pair for Streptococcus spp. (5′ Sag 
1 and 3′ B) [2] and a PCR master mix (KOD One® PCR Master Mix -Blue-; TOYOBO, Osaka, Japan) were used. Electrophoresis of 
the PCR products revealed a 150 bp band in all samples (Fig. 10). These PCR products were purified with a High Pure PCR Product 
Purification Kit (Roche, Basel, Switzerland) and sequenced by the Sanger method. Sequence data were queried using NCBI (National 
Center for Biotechnology Information) BLAST (Basic Local Alignment Search Tool; https://blast.ncbi.nlm.nih.gov/Blast.cgi). The 
sequence of the PCR products showed 98% homology to S. agalactiae in all samples (Table 1). Bacterial culture was not available.

In the present case, suppurative dermatitis, endocarditis, and meningo-ventriculitis, with bacterial infection were observed. Bacterial 
emboli were found in multiple visceral organs. Streptococcus agalactiae gene was detected in the skin, heart, and brain tissues by 
PCR examination. The distribution and histopathological findings were comparable to systemic streptococcal infections in domestic 
animals [4, 10, 12, 17–19].

Streptococcus agalactiae is a group B Streptococcus (GBS), which is one of the most important pathogens of infectious diseases in 
human neonates [9, 14]. Also, the number of cases of invasive GBS infection in adults has been increasing in the past two decades [6, 
9]. Adults suffering from GBS disease often have underlying conditions such as diabetes, obesity, pregnancy, and ageing, which may 
compromise the immune system [6, 9]. In such cases, common clinical presentations are skin and soft tissue infection, bacteremia, 
osteomyelitis, pneumonia, and arthritis [6, 9]. However, a few cases of endocarditis and meningitis associated with GBS infection 
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Fig. 1.	 Overview of the sloth at necropsy. Hair loss in the lumbar region.
Fig. 2.	 Skin. An ulcer covered with pus (arrow) and scab (arrowhead) at the perianal region. Bar=5 mm.
Fig. 3.	 Heart. Vegetation at the mitral valve (arrow). Bar=5 mm.
Fig. 4.	 Brain. Marked hemorrhage in the leptomeninges at the cerebellum (arrow). Bar=10 mm.
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Fig. 9.	 Choroid plexus. Gram-positive cocci are arranged in pairs or 
chains (arrows). Some of the cocci are phagocytosed by neutrophils 
(arrowhead). Gram stain (Brown Hopps method). Bar=10 µm.

Fig. 10.	 Gel electrophoresis, Streptococcus spp. gene PCR. Bands of 150 
bp are observed in samples of the frontal lobe (F), thalamus (T), skin 
(S), and heart (H). bp, base pairs; N, negative control; M, 50 bp ladder.

Fig. 5.	 Mitral valve. Numerous inflammatory cells infiltrate the valve wall. Fibrinous exudates with cocci are attached to the valve. Hematoxylin 
and eosin (HE) stain. Bar=100 µm.

Fig. 6.	 Heart. Neutrophil infiltration and clusters of cocci (arrows) in the endocardium. HE stain. Bar=50 µm.
Fig. 7.	 Lateral ventricle. Severe infiltration of inflammatory cells in the ventricle. HE stain. Bar=100 µm.
Fig. 8.	 Lateral ventricle. Neutrophils infiltrate the ependymal layer and the surrounding cerebral parenchyma. HE stain. Bar=50 µm.
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have been reported in adults without any underlying conditions [1, 7]. In the present case, a sloth without any underlying conditions 
was infected by S. agalactiae. The skin lesion was thought of as a responsible lesion for infection in the present case, which has also 
been described in human cases [9, 19].

The ependymal layer lacks tight junction, and thus is vulnerable to bacterial entry via the cerebrospinal fluid [4, 11]. Also, choroiditis 
often accompanies ventriculitis [4]. Streptococcal meningo-ventriculitis has been reported in humans, dogs, cows, and pigs [9, 12, 
17, 18]. Human and animal patients with meningitis often present acute clinical signs such as fever, hyperesthesia, photophobia, 
confusion, vomiting, depression, and nuchal rigidity [14, 15]. The ventricular lesion of the present case was in an acute stage with 
severe neutrophil infiltration. However, the animal did not show apparent clinical signs. On the other hand, the meninges were spared 
from severe inflammation, which may explain the lack of clinical signs in the present case. Similarly, human patients of primary 
bacterial ventriculitis often lack clinical signs [13].

This is the first report of S. agalactiae infection in the CNS of a sloth. The pathological findings were comparable to those of human 
and domestic animal cases. The present case did not show any obvious clinical signs, which may be associated with the affected area 
of the brain. The sloth is a slow-moving animal, which can make it difficult for zoo keepers and veterinarians to notice behavioral 
changes and neurological signs.
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Table 1.	 Results of NCBI (National Center for Biotechnology Information) BLAST (Basic Local Alignment Search Tool) query (top 3)

Ranking Description Scientific name
Query 
cover 
(%)

E-value
Percent 
identity  

(%)
1 Streptococcus agalactiae strain 01173 chromosome, complete genome Streptococcus agalactiae 98 1.00E-43 98.15
2 Streptococcus agalactiae 515 chromosome, complete genome Streptococcus agalactiae 515 98 1.00E-43 98.15
3 Streptococcus agalactiae strain Sag 153 chromosome, complete genome Streptococcus agalactiae 98 1.00E-43 98.15
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