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Bacterial meningoencephalomyelitis is 
a rare condition in horses (PATTERSON-KANE 
et al., 2001; VIU et al., 2012), and leads to high 
mortality (VIU, 2012; BACH et al., 2014). Neonates 
are the age group more commonly affected as a 
consequence of septicemia (MITCHELL et al., 2006; 
PELLEGRINI-MAZINI & LIVESEY, 2006; VIU et 
al., 2012). Escherichia coli, Streptococcus spp. and 
Staphylococcus aureus are commonly isolated in 
cases of bacterial meningitis in horses (MITCHELL 
et al., 2006; PELLEGRINI-MASINI & LIVESEY, 

2006). Equine salmonellosis can be asymptomatic, 
but is commonly associated with fever and 
enterocolitis, that can progress to septicemia in young 
animals (SMITH, 1981; JUFFO et al., 2017). Reports 
of meningoencephalomyelitis caused by Salmonella 
spp. are rare in horses (STUART et al., 1973). This 
article reports a case of meningoencephalomyelitis 
caused by Salmonella Typhimurium in a female foal, 
with no evidence of enterocolitis.

A 10-day-old Mangalarga Marchador 
foal, weighting 50 kg, was admitted with a history 
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ABSTRACT: A 10-day old foal presented with a history of acute recumbency and generalized weakness, that progressed to seizure episodes 
and death. Post mortem examination revealed necrotizing and purulent omphalophlebitis and fibrinopurulent meningoencephalomyelitis. 
Salmonella Typhimurium was isolated from the central nervous system and determined to be the cause of the meningoencephalomyelitis. 
Due to the lack of evidence of gastrointestinal disease, the umbilical cord was considered the most likely portal of entry of the bacteria. The 
isolated S. Typhimurium was resistant to ampicillin and cephalotin, and partially resistant to enrofloxacin. These drugs are commonly used in 
the treatment of salmonellosis. This is the first report of S. Typhimurium affecting the brain and spinal cord of a foal. Salmonellosis should be 
considered a differential diagnosis in foals with neurologic signs, even in the absence of enterocolitis. 
Key words: horse, salmonellosis, omphalophlebitis, meningoencephalitis, diarrhea. 

RESUMO: Um potro de 10 dias de idade foi admitido com histórico de decúbito e fraqueza generalizada aguda, com progressão para episódios 
de convulsão e morte. A avaliação post mortem demonstrou onfalite necropurulenta e meningoencefalomielite fibrinopurulenta. Salmonella 
Typhimurium foi isolada do material purulento coletado do sistema nervoso central. A ausência de diarreia e lesões entéricas associadas 
à presença de onfalite sugerem que o umbigo foi possivelmente a porta de entrada do agente. O isolado de S. Typhimurium apresentou 
resistência a cefalotina e ampicilina e resistência intermediária a enrofloxacina, drogas utilizadas para o tratamento de salmonelose. Este é 
o primeiro relato de S. Typhimurium levando a alterações encefálicas e medulares em potro. A salmonelose deve ser considerada, portanto, 
como diagnóstico diferencial em potros neonatos com alterações neurológicas, mesmo na ausência de enterocolite.
Palavras-chave: equino, salmonelose, onfaloflebite, meningoncefalite, diarreia.

MICROBIOLOGY

https://orcid.org/0000-0001-9765-813X
https://orcid.org/0000-0002-2084-672X
https://orcid.org/0000-0003-0074-2488
https://orcid.org/0000-0002-8104-6830


2

Ciência Rural, v.49, n.8, 2019.

Oliveira et al.

of acute onset recumbency, generalized weakness and 
intermittent pedaling movements. The foal was kept 
with the mare in a paddock. The owner reported that 
the foal was bright and alert and had good appetite 
and normal feces the day prior to admission. There 
was no history of trauma and the other horses at 
the farm were asymptomatic. The vaccination and 
deworming history of the mare was unknown, as 
well as details about the foal´s umbilical care and 
colostrum intake after birth.  At admission the foal 
was in lateral recumbency and comatose. Physical 
exam revealed tachycardia (139 bpm), tachypnea 
(59 mpm), normal body temperature (38,1 ºC), weak 
peripheral pulses, tacky and dry mucous membranes 
with increased capillary refill time (3 seconds) and 
respiratory dyspnea. Thoracic auscultation revealed 
no abnormal sounds. The umbilicus was larger than 
normal on palpation, but no discharge was noted. 
Palpation of the joints revealed no abnormalities. 
Decreased gastrointestinal sounds were noted on 
abdominal auscultation and no feces were passed 
during the exam. The foal showed intermittent 
generalized seizures, with increased duration and 
frequency during the exam. Its blood glucose was 
normal at 85 mg/dl.

Initial therapy included fluid therapy with 
Ringer’s lactate solution  to replace losses, followed 
by intravenous fluids with dimethyl sulfoxide 
(DMSO, 1 g/kg) diluted in isotonic solution with 
5% dextrose. Intravenous dexamethasone (0.1 mg/
kg) and diazepam at 0.05 mg/kg, in attempt to 
control seizures, were also administered. The foal 
continued to deteriorate and died before institution of 
additional therapy, soon after admission. Due to the 
rapid progression to death, a blood culture to confirm 
bacteremia, complete blood cell count, chemistry 
profile and spinal fluid tap were not performed. 

Post mortem examination revealed focally 
extensive necrotic and purulent omphalophlebitis, 
characterized by moderately enlarged, hyperemic 
umbilicus that presented miliary dark hemorrhagic 
lesions at cut section. The subdural space of the 
meninges in the brain and thoracic segment of the 
spinal cord were filled with moderate amounts of 
fibrinopurulent exudate (Figure 1A and Figure 1B). 
There were focally extensive areas of softening 
affecting the frontal lobe. Histopathology of the central 
nervous system (CNS) was performed and included 
the cortex, cerebellum, pons and thoracic spinal cord. 
With exception of the cortex, all sections presented 
severe meningeal fibrin exudation intermixed 
with both degenerated and viable neutrophils 
(fibrinopurulent exudate) (Figure 2). A moderate 

and predominantly perivascular, lymphohistiocytic 
and neutrophilic infiltrate were noted in the pons, 
cerebellar and cortical neuropil along with multifocal 
areas of hemorrhage in the cerebellum and white 
matter vacuolization in pons. In the cortex, several 
blood vessels presented a lymphoplasmacytic and 
neutrophilic infiltrate with luminal accumulation of 
fibrin (thrombi).  The lumen of the fourth ventricle 
and the spinal cord central canal presented moderate 
to marked amounts of fibrin and neutrophils (some 
degenerated).  A moderate lymphohistiocytic and 
neutrophilic infiltrate was observed in the efferent 
spinal cord ganglia. The CNS findings were 
consistent with a diffuse and severe fibrinopurulent 
meningoencephalomyelitis. Spleen, liver, kidneys, 
lungs, joints and gastrointestinal tract showed no 
macroscopic or histopathologic abnormalities. 

A swab from the purulent material 
present in the CNS was collected and placed on 
Muller-Hinton agar (Difco, EUA) supplemented 
with 5% sheep blood and on MacConkey agar 
(Difco, EUA). After a 24-hour incubation period 
at 37°C in aerobic condition, pure colonies with 
morphology suggestive of Salmonella spp. were 
isolated (RAMOS et al., 2018) and submitted to a 
polymerase chain reaction (PCR) test (KWANG et 
al., 1996). Following confirmation of the identity 
of the bacterium, serotyping was performed by 
antigenic characterization according to Grimont 
& Weill (2007), which confirmed it as Salmonella 
enterica subsp enterica serovar Typhimurium. 

The isolate was submitted to an 
antimicrobial susceptibility test by disk diffusion 
(LUBBERS, 2013), which included: ceftriaxone 
(30 µg), gentamicin (10 µg), cephalotin (30 µg), 
ampicillin (10 µg), chloramphenicol (30 µg), 
trimethropim/sulfamethoxazole (25 µg), ceftiofur 
(30 µg), enrofloxacin (10 µg) and ciprofloxacin (5 
µg) (DME, Brasil). It was resistant to cephalotin and 
ampicillin and intermediate resistant to enrofloxacin. 

The diagnosis of fibrinopurulent 
meningoencephalomyelitis caused by S. 
Typhimurium in the foal from this report was based 
on clinical and pathology findings, associated with 
culture and identification of the bacterium. Clinical 
signs and macroscopic and histopathologic findings 
are consistent with those described previously in 
cases of equine bacterial meningoencephalolmyelitis 
(PELLEGRINI-MASINI & LIVESEY, 2006; TOTH 
et al., 2012, STUART et al., 1973; PATTERSON-
KANE et al., 2001). Streptococcus equi subsp equi, 
S. aureus and E. coli, are more frequently described 
as the etiologic agent of meningoencephalomyelitis 
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in horses (FINNO et al. 2006; MITCHELL et 
al., 2006; PELLEGRINI-MASINI & LIVESEY, 
2006; TOTH et al., 2012), but Salmonella spp. 
infection is not uncommon in foals and can 
lead to bacteremia, an important risk factor for 
the development of meningitis (SMITH, 1981; 
PATTERSON-KANE et al., 2001). 

Bacteria can colonize the CNS by 
four major routes: osteitis/ erosion of the skull, 
hematogenous spread, spread through cranial nerves 
and direct inoculation by traumatic brain injury 
(TOTH et al., 2012; BACH et al., 2014). Neonates are 
particularly susceptible to bacterial meningitis due 
to their immature immune system, more permeable 
blood-brain barrier compared to adults, failure 
of passive transfer and inadequate umbilical care 
(common portal of entry for bacteria) (MITCHELL et 
al., 2006). The foal from this report had no history and 

signs of trauma and no evidence of gastrointestinal 
disease on clinical and post mortem examination. 
These findings associated with the presence of 
omphalophlebitis suggested that the umbilicus could 
have been the portal of entry in this case. Failure of 
passive transfer cannot be ruled out as another risk 
factor for this foal. 

Even though reports of meningitis caused 
by Salmonella spp. are rare in animals, there are 
several reports of S. Typhimurium causing meningitis 
in humans, especially children (CHIU et al., 2002; 
ADHIKARY et al., 2013; KEDDY et al., 2015). 
In one report of meningoencephalitis caused by 
S. Typhimurium in a foal, no changes in the spinal 
cord were described.  (STUART et al., 1973). In 
another report, S. Agona was isolated from a foal 
with meningoencephalomyelitis. This foal showed 
neurologic signs in addition to diarrhea and a 

Figure 1 - Central nervous system of a foal with meningoencephalomyelitis 
caused by Salmonella Typhimurium. A: Purulent material present 
in the meninges and subdural space in the brain. B: Purulent 
material showed in the spinal cord.
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positive blood culture (PATTERSON-KANE et 
al., 2001). A similar case was described in a calf 
with neuropathy and omphalophlebitis caused by 
S. Dublin (COURA et al., 2015). 

Apart from being capable of causing 
meningoencephalitis or meningoencephalomyelitis 
in foals, diarrhea in horses from different ages, 
septicemia in foals and other clinical manifestations, 
S. Typhimurium is an important zoonotic agent 
that has great impact on public health (STUART 
et al., 1973; SMITH, 1981; CUMMINGS, 2016; 
MORNINGSTAR-SHAW, 2016). This serotype 
is the most frequently isolated in cases of human 
salmonellosis worldwide, with 1,2 million cases 
and 450 deaths registered every year in the United 
States alone (FERNANDES et al., 2006; SCALLAN 
et al., 2011). Salmonellosis is also considered an 
occupational disease, so transmission is greater 
in people that work closely with infected animals 

(CHIA-PING et al., 2017). Diagnosis of salmonellosis 
is essential so that appropriate methods to decrease 
zoonotic transmission can be instituted. 

Considering the increasing number of 
multidrug resistant infections and the zoonotic risk 
associated with S. Typhimurium, the isolate was 
submitted to an antimicrobial susceptibility test, 
which included antibiotics commonly used in foals 
and frequently used for treatment of salmonellosis 
(PARVATHI et al., 2011; OIE, 2015; PATEL, 2015). 
The S. Typhimurium isolate was resistant to cephalotin 
and ampicillin, drugs that have a great importance 
in the treatment of infected animals and humans 
(WHO, 2017). The isolate also showed intermediate 
resistance to enrofloxacin, a quinolone exclusively 
used in veterinary medicine and considered critically 
important by the OIE for the treatment of bacterial 
diseases associated with septicemia, respiratory and 
enteric diseases (OIE, 2015).

Figure 2 - The meninges were markedly thickened by moderate numbers of degenerated and viable neutrophils intermixed with 
fibrin. H&E; Bar = 500 um.
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This is the first report describing 
inflammatory lesions associated with Salmonella 
Typhimurium in both brain and spinal cord of a foal. 
Salmonellosis should be considered a differential 
diagnosis for neurologic disease in foals, even in the 
absence of gastrointestinal disease.  
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