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Fig.5-10. (5) Histological lesions in pigs with Streptococcus suis infection. Articular capsule: multifocal necrosis of the synovial membrane
associated with fibrin deposition, edema, infiltration of neutrophils, lymphocytes, plasma cells, and macrophages (fibrinosuppurative
arthritis). HE, obj.20x. (6) Brain stem: the leptomeninges are thickened by fibrin deposition and a severe inflammatory infiltrate
composed mainly of neutrophils (fibrinosuppurative meningitis). HE, obj.10x. (7) Occipital cortex: in the gray matter there is infiltration
of intact and degenerate neutrophils and clear vacuoles in the neuropil. HE, obj.20x. (8) Lateral ventricle: there is a diffuse thickening
of the choroid plexus (choroid plexitis) and ependymal region (ependymitis) by an inflammatory infiltrate similar to the described in
the leptomeninges. Similar inflammatory cells are seen inside the ventricle along with fibrin filaments. HE, obj.10x. (9) Lateral ventricle
with ependymitis, besides sloughed ependymal cells and bacterial aggregates inside the ventricle. HE, obj.40x. (10) Choroid plexus:
inflammatory infiltrate of neutrophils, lymphocytes, and plasma cells with an area of rupture of the choroid epithelium. HE, obj.40x.
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The spinal cords of all the pigs presented fibrinosuppurative
meningitis, in at least one segment, similar to that described
in the brain, which extended to the epineurium of the spinal
nerve roots (Fig.11). The central canal was often filled with
inflammatory cells, and some ependymal epithelial cells
presented an elongated cytoplasm (Fig.12).In 5/9 cases, there
was multifocal or focally extensive necrosis of the ependymal
cells, with extension of the inflammation to the adjacent gray
and white matter (Fig.13), associated with necrosis, occasional
Gitter cells, perivascular cuffs, and vasculitis. In the adjacent
white matter, there were multifocal areas of vacuolization with
axonal spheroids (Wallerian degeneration) (4/9) (Fig.14).
Lesions in the spinal central canal and parenchyma were more
severe in pigs with the longest clinical course (five days). In
the rete mirabile, a mild to moderate inflammatory infiltrate
of neutrophils, lymphocytes, and plasma cells was observed
around the arterioles (2/9). The same inflammation was also
noted in the capsule of the trigeminal ganglia and epineurium
of the trigeminal nerves (1/9).

Bacteriological examination revealed Gram-positive cocci
that occurred singly or in chains of varying lengths. Alpha-
hemolytic and small colonies (1mm after 48 h of incubation),
catalase-negative, oxidase-negative, non-motile were classified
as Streptococcus spp., and complementary fermentation tests
of inulin, lactose, mannitol, raffinose, salicin, sorbitol, and
trehalose confirmed the isolates as S. suis. Bacterial growth
was observed in meningeal swabs (7/9), synovial fluid (3/5),
and cerebrospinal fluid (2/4). In 8/9 cases, S. suis could be
cultured from at least one sample. Finally, in multiplex PCR,
all colonies were typed as S. suis serotype 9.

DISCUSSION

This study describes an outbreak of Streptococcus suis
associated disease caused by S. suis serotype 9, which was
associated with clinical outbreaks diagnosed in several farms
integrated with the same cooperative, with high mortality,
resulting in high economic losses. S. suis is the most important
porcine streptococcal pathogen and is globally distributed.
The morbidity and mortality of the disease is usually less
than 5%; however, under some circumstances, the mortality
can reach up to 20% (Cloutier et al. 2003, Fittipaldi et al.
2012, Gottschalk & Segura 2019), similarly to the outbreak
reported here.

Vertical, direct, indirect and aerosol transmission, without
nose-to-nose contact, are described for infections by S. suis
(Robertson etal. 1991, Dee & Corey 1993, Berthelot-Hérault
etal. 2001). The mixture of piglets infected (by their mothers)
and piglets not infected in the post-weaning period, allows
transmission and the clinical outbreaks of the disease (Cloutier
et al. 2003). The occurrence of meningoencephalomyelitis
in piglets with different origins may be a consequence of
horizontal transmission, when they are regrouped in the
nursery farms. In our study, some nursery batches clinically
affected were composed of up to 15 different origins, which
represent an important predisposing factor.

High genotypic, phenotypic and geographic variability
exits among strains within the same serotype of S. suis.
Besides, S. suis uses an arsenal of virulence factors to evade
the hostimmune system. Together, these characteristics have
challenged the development of efficacious vaccines to fight
this important pathogen (Segura 2015). In an experimental
study with serotype 2 bacterin, high titers of opsonizing

Table 1. Intensity and distribution of lesions seen in piglets with Streptococcus suis serotype 9 acute
meningoencephalomyelitis

L Piglets
Location in the CNS
#1 #2 #3 #4 #5 #6 #7 #8 #9

Leptomeninges

FC ++ + + + +++ + ++

TC + + + + + +++ + +

0C ++ + +++ + ++

CER ++ + ++ + +++ ++ ++

BS - MB + ++ + ++ +++ + ++

BS - MO + ++ - ++ +++ ++ ++

CR + + ++ + + +++ ++ +

TR + ++ + - + +++ + ++

LR + + + ++ - + +++ + ++

SR + + + ++ ++ +
Choroid plexus +++ + ++ + +++ ++ 4+ 4+
EP and SE ++ + - ++ ++ 4+ ++
CCand SC

CR ++ + ++ + ++ + +++ +++

TR +++ - - ++ - +++ + ++ +++

LR + - - ++ - +++ + + +++

SR ++ - - ++ - +++ + ++ +

Clinical course (days) 2 1 2 2 2 5 2 4 5

FC = frontal cortex, TC = temporal cortex, OC = occipital cortex, CER = cerebellum, BS = brainstem, MB = midbrain, MO = medulla oblongata, CR = cervical
region, TR = thoracic region, LR = lumbar region, SR = sacral region, EP = ependyma, SE = subependymal region, CC = central canal, SC = spinal cord; (+)

mild lesions, (++) moderate lesions, (+++) severe lesions, (-) absent lesions.
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antibodies were induced against the homologous strain, but
the same did not occur for the heterologous serotype 9 strain
(Baums etal. 2009). The lack of cross-immunity between the
heterologous strains of S. suis was probably one of the reasons
for the difficult control of the outbreak reported here, since S.
suis serotype 9 was extensively isolated from the sick piglets,
and the vaccine used initially is based on S. suis serotype 2
strain. Alternatively, an autogenous vaccine based on the
strains isolated from the farms could be a rational strategy
to attenuate the disease. The immunization program must
consider the time of clinical presentation of the disease, once
the protective immunity can be reached only after the second
dose of the vaccine. Vaccination of sows can be an interesting
strategy, but the studies in this area show divergent results
and, in general, maternal vaccination does not exclude the
necessity of active vaccination of piglets to lengthen the
protection (Baums et al. 2010, Segura 2015).

The clinical signs in acute cases of the disease include fever,
lameness, incoordination, lateral recumbency, nystagmus,
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Fig.11-14. (11) Histological lesions in the spinal cord of pigs with Streptococcus suis infection. Sp‘inal cord: th

rhythmic paddling, and opisthotonos (Clifton-Hadley 1983,
Maclnnes & Desrosiers 1999, Miller & Zachary 2017) similar
to those seen in this outbreak. Temperature rise is often the
first clinical sign seen in experimental studies (Beineke etal.
2008, Biittner etal. 2012, Rieckmann et al. 2019), and this is
aresponse to acute inflammation (Ackermann 2017).

The mechanisms by which S. suis manages to cross the
blood-brain barrier are not well understood. S. suis adheres
to and invades the microvascular endothelial cells of the
brain (Vanier et al. 2004), affects the function and integrity
of the choroid plexus (Feng et al. 2010), and reaches the
cerebrospinal fluid (Miller & Zachary 2017). The choroid
plexus of all piglets in this study showed some degree of lesion,
possibly due to the invasion of the agent through this location.
The ventricular dilation observed in some pigs in this study
may be a consequence of the obstruction of the ventricular
system by cellular debris and fibrin, which causes blockages
in the drainage of CSF (non-communicating hydrocephalus)
(Miller & Zachary 2017). Erosions of the ependymal lining of
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eleptomeninges are thickened

by suppurative inflammatory infiltrate, which extended to the epineurium of the spinal nerves roots. HE, obj.4x. (12). Spinal cord: central
canal filled with inflammatory cells. HE, obj.20x. (13) Spinal cord: necrosis of ependymal cells of the central canal with extension of the
inflammation to the adjacent gray and white matter. HE, obj.4x. (14) Spinal cord: multifocal areas with parenchymal loss (necrosis),
besides clear spaces and axonal spheroids (Wallerian degeneration). HE, obj.20x.
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ventricles and central canal of the spinal cord may be present
(Sanford 1987, Vandevelde et al. 2012) and were common
findings in our study.

Necrotic foci can be seen in the brain stem, cerebellum,
and cervical spinal cord of pigs infected with S. suis (Miller
& Zachary 2017). In our cases, necrotic foci were common in
the spinal cord, usually involving the parenchyma adjacent
to the central canal. These changes affected more severely
the pigs with longer clinical course, and extended to all the
spinal cord regions.

The main central nervous system changes described in S.
suis infection are meningoencephalitis, plexitis, choroiditis
and ependymitis (Sanford 1987, Miller & Zachary 2017).
Spinal cord lesions are rarely described in the literature. The
inflammatory infiltrate observed in the brain’s leptomeninges
may extend to the spinal cord, involving cranial nerve roots
and extend to the central cervical spinal canal (Sanford
1987, Miller & Zachary 2017). In our study, this finding was
frequently observed.

Lesions caused by S. suis are predominantly associated with
fibrinosuppurative inflammation as a result of the invasion of
the brain, joints and serous cavities (Williams & Blakemore
1990, Madsen et al. 2002), while subacute or chronic lesions
are characterized by infiltration of mononuclear cells (Sanford
1987, Karstrup etal. 2011). The microscopic lesions observed
in this study were mainly fibrinosuppurative, what is consistent
with an acute clinical course (Miller & Zachary 2017).

The findings of fibrinosuppurative meningoencephalitis
and arthritis in this study are similar to the lesions described
for clinical field cases and also in experimental conditions
(Beineke et al. 2008, Greeff et al. 2011, Biittner et al. 2012,
Willemse et al. 2019). Endocarditis, pneumonia, pleuritis,
and peritonitis are more common in pigs with longer clinical
course, and were described in pigs 11 days post-infection
(Biittner et al. 2012). These lesions were not observed in
this study, possibly due to the acute character of the disease
in the piglets selected for necropsy, which were sick for one
to five days.

Enlarged joints, fever, lethargy, and reluctance to move can
be seen in other bacterial infections such as Erysipelothrix
rhusiopathiae, Glaesserella (Haemophilus) parasuis, Actinobacillus
suis, Mycoplasma hyosynoviae, Mycoplasma hyorhinis, and
Trueperella pyogenes (Madson etal. 2019). The agent involved
can be confirmed by culture or PCR from samples of the lesions.
Muscle tremors, lateral recumbency, and paddling can be seen
in salt poisoning. Salt poisoning has an eosinophilic (acute)
or lymphoplasmacytic (chronic) meningoencephalitis in the
microscopic lesion in the brain (Dritz et al. 2019).

Incoordination, limb paralysis and recumbency also occur
in cases of viral polioencephalomyelitis. However, this disease
tends to be non-febrile, does not present with arthritis, and
the microscopiclesions are characterized by nonsuppurative
encephalomyelitis and ganglioneuritis with evident neuronal
degeneration and necrosis (Hammerschmitt et al. 2021).

CONCLUSIONS

Streptococcus suis serotype 9 is responsible for a severe
clinical disease in piglets, characterized mainly by nervous and
locomotor clinical signs. The central nervous system lesions
are mainly characterized by fibrinosuppurative inflammation,

which involves not only the leptomeninges, but also the
choroid plexus, ependyma, and spinal cord.

The occurrence of outbreaks of the disease with high
mortality may be associated with: i) mixture of piglets from
different origins in the post-weaning period and ii) the lack
of cross-immunity between heterologous strains of S. suis,
especially when the circulating strain is not included in the
vaccine used.
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