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Necrotizing meningoencephalitis (NME) is an in-
flammatory brain disease with a rapidly progressive 
course that mainly affects young Pugs and many other 
toy breed dogs and is usually fatal (9). Necrotizing 
meningoencephalitis is a histopathological diagnosis 
that describes extensive non-suppurative inflammatory 
lesions commonly involving the leptomeninges, cere-
bral cortex, corona radiata and subcortical white matter 
(4). Therefore, the antemortem diagnosis of NME is 
usually presumptive and is based on the patient history, 
characteristic magnetic rensonance imaging findings, 
cerebrospinal fluid examination as well as ruling out 
neuroinfections. The umberella term “meningoen-
cephalitis of unknown origin” (MUO) is often used 
when the histopathological confirmation is missing 

(1). Typically, the progressive forebrain signs that are 
seen in Pugs with NME include seizures, depression, 
blindness and gait abnormalities that ultimately lead 
to death within on average three months (9).

Although the cause of necrotizing inflammatory 
disorders of the central nervous system in dogs remains 
unknown (9), strong familial inheritance was reported 
in Pugs with NME (5). Nearly ten years ago, Greer 
et al. (6) revealed that susceptibility to NME in the 
Pug population is associated with the mutation of the 
canine leukocyte antigen region of the canine chro-
mosome 12 (CFA12). The risk for developing NME 
may be evaluated with a commercial veterinary test 
that detects the susceptibility haplotype. The results 
may be as follows: N/N (non-carrier), N/NME (carrier 
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Summary

The increasing popularity of Pug dogs contributes to greater awareness of their breed-specific diseases, 
such as necrotizing meningoencephalitis (NME). The genetic test for detecting NME markers may be helpful 
for breeding purposes but is less useful in diagnosing the disease in individual dogs. The presented case sheds 
light on diagnostics and survival time in a suspected NME case as well as the breeding strategy in a carrier 
dog. A 30-month-old intact female fawn Pug was evaluated for a one-week history of recurrent tonic-clonic 
seizures and mild obtundation. The clinicopathological exam revealed lymphocytic pleocytosis of and an 
elevated microprotein concentration in the CSF with negative PCR assays for infectious diseases. MRI of the 
head revealed the presence of a T2-W hyperintense and contrast-enhancing lesion in the left piriform lobe. At 
the age of one, the dog was tested for NME genetic markers and was found to be heterozygous for the disease 
susceptibility (N/NME). Although the genetic test indicated a “low risk” of developing NME, a presumptive 
diagnosis of necrotizing meningoencephalitis (Pug dog encephalitis) was made. 18 months after the initial 
diagnosis the dog was alive and asymptomatic, which is what is unusual for NME. The owner is considering 
breeding the dog. Acute onset of seizures in a young Pug dog with inflammatory CSF and contrast-enhancing 
forebrain lesion do not necessarily indicate a poor prognosis. The second conclusion is that testing for NME 
genetic markers may be sometimes confusing, although it is a valuable tool in selecting healthy dogs for breeding.
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of the mutation, heterozygous state) or 
NME/NME (homozygous for the muta-
tion). The risk for developing NME is 
increased almost 13 times in dogs with 
the NME/NME haplotype, whereas N/N 
and N/NME are considered low NME 
risk markers, hence breeders should be 
advised to select against homozygosity 
in puppies (8). The susceptibility hap-
lotype is present in a heterozygous state 
in 29% of randomly tested healthy Pugs. 
Hence it is not recommended to remove 
carriers from the breeding program, as 
this would lead to a significant loss of 
genetic diversity (8).

The presented case concerns a female 
Pug that was a carrier of the NME gene 
and developed neurological signs clini-
cally resembling NME. 18 months after 
the initial diagnosis, the dog remained 
asymptomatic, which is rather unlikely 
for necrotizing meningoencephalitis. We 
asked ourselves the following questions:

1. Was the dog suffering from a mild 
form of NME or was this a different 
disease entity?

2. If the inflammatory brain disease 
does not have a genetic background, is 
it contraindicated to breed the dog?

The aim of this study was to present the clinical case 
of an atypical form of suspected necrotizing meningo-
encephalitis in a Pug dog.

Case presentation
A 30-month-old intact female fawn Pug was evaluated 

for a one-week history of tonic-clonic seizure episodes. 
The last seizure was observed five hours prior to the veteri-
nary visit. Therefore, mild obtundation on the neurological 
examination was interpreted as a post-ictal deficit. The dog 
had otherwise been healthy and was regularly vaccinated. 
The complete blood count and serum chemical profile 
results were within normal limits. At the age of one, the 
dog was tested for the NME genetic markers and was found 
to be heterozygous for the NME susceptibility haplotype  
(N/NME). At the age of two, the dog had a litter of healthy 
puppies as the owner had been informed that carriers of 
NME may be bred.

MRI (Magnetic resonance imaging) was performed under 
general anaesthesia with the use of a 0.25 T device (Vet-MR 
GRANDE). The study included T2-weighted, T1-weighted 
pre-and postcontrast (0.1 mg/kg, gadopentate dimeglumine) 
and fluid attenuating inversion recovery (FLAIR) images 
of the entire brain in a sagittal, transverse and dorsal plane. 
Magnetic resonance imaging revealed marked lateral ven-
tricle asymmetry and the presence of an ill-defined lesion 
in the left pyriform lobe and left hippocampus that had high 
signal intensity on T2-weighted (T2W) images (Fig. 1A). 
The lesion was hyperintense on fluid-attenuated inversion 
recovery images (Fig. 1B) and was isointense to normal 

gray matter on T1-weighted images (Fig. 1C). After the 
IV administration of contrast agent, there was a moderate, 
heterogeneous enhancement of brain parenchyma through-
out the lesion (Fig. 1D).

A cisternal cerebrospinal fluid (CSF) sample was col-
lected immediately after MRI. The analysis of CSF revealed 
lymphocytic pleocytosis of 26 cells/mm3 (reference range, 

Fig. 1. The magnetic resonance imaging of the head of the dog
Explanations: A – The T2-weighted image, transverse section at the level of the 
thalamus. Note the marked asymmetry of the lateral ventricles and the hyperin-
tense area in the left pyriform lobe. B – A coronal FLAIR image showing marked 
hyperintensity of the left pyriform lobe. C, D – Coronal pre- (C) and postcontrast 
(D) T1-weighted images. Note moderate contrast enhancement in the area of the 
left piriform lobe

Fig. 2. The results of the patient’s CSF analysis for infectious 
diseases
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0-5 cells/mm3) and an elevated microprotein concentration 
of 56 mg/dL (reference range, < 25 mg/dL). The CSF was 
then subjected to polymerase chain reaction (PCR) testing 
for infectious diseases (canine neurological profile) and 
negative results were obtained (Fig. 2). The presumptive 
diagnosis of necrotizing meningoencephalitis (Pug dog 
encephalitis) was made.

Anticonvulsive therapy with phenobarbital at a dose of 
2.5 mg/kg every 12 hours was introduced during the con-
sultation and the dog remained seizure-free. The therapy 
is currently continued. An immunosuppressive dose of 
prednisolone (2.0 mg/kg twice daily) was introduced at the 
beginning of the treatment and was gradually reduced after 
two weeks as follows: 1.5 mg/kg BID (two times a day) for 
three weeks; 1.0 mg/kg BID for six weeks; 0.5 mg/kg BID 
for three weeks; 0.5 mg/kg once a day for three weeks and 
0.5 mg/kg every other day continued for the 10 weeks. The 
control CSF examination was performed three weeks after 
the discontinuation of administration of prednisolone. The 
analysis revealed 4 cells/mm3 (reference range, 0-5 cells/
mm3) and an normal microprotein concentration of 18 mg/
dL (reference range, < 25 mg/dL) in the cerebrospinal fluid.

18 months after the initial diagnosis, the dog no longer 
received immunosuppressive or anti-inflammatory treat-
ment and remained symptomless. The follow-up neurologi-
cal examination has been performed every three months and 
did not reveal any neurological deficits.

Discussion and conclusions
Necrotizing meningoencephalitis appears to be one 

of the most common causes of severe intracranial dis-
ease in Pug dogs that, according to Levine et al. (7), 
typically affect young-adult females. Therefore, based 
on the signalment, history and clinical findings, the 
ante mortem diagnosis of NME in the described dog 
was straightforward. Interestingly, the MRI findings in 
the described dog differed from the typical pattern in 
Pugs with NME presented by Flegel (3), which found 
that lesions in NME are more common in the middle 
and caudal prosencephalon, being most severe in the 
occipital and parietal lobes. According to Flegel (3), 
the hyperintensity on T2-weighted and FLAIR images 
in the hippocampus and pyriform lobe are more likely 
to correspond to excitotoxic edema as a consequence 
of prolonged seizure activity rather than to inflamma-
tion. However, it seems that the unilateral lesion that 
was not clearly demarcated and enhanced contrast 
moderately was more indicative of an inflammatory 
process. The results of the cerebrospinal fluid analysis 
in the studied dog also suggested non-infectious men-
ingitis/encephalitis, although the observed pleocytosis 
was much lower than the mean CSF WBC cell count 
in other reported Pugs with NME, i.e. 26 versus 120 
cells/mm3 (7).

The epidemiological study regarding NME in Pugs 
showed that despite appropriate treatment, the disease 
is often fatal with a mean survival time of 93 days and 
a survival range of 1-680 days (7). The above men-
tioned author suggests that NME is a cause of death 

of a very high proportion of Pugs with intracranial 
lesions, however the incidence of the disease may be 
different in the population of Pugs that survived (7). At 
the time of writing the manuscript, the described dog 
had survived more than 750 days since the first clinical 
symptoms and did not show any neurological deficits. 
The anticonvulsive therapy that was administered in 
the dog was documented to be associated with longer 
survival times in dogs with NME (7).

The presence of seizures and decreased mentation is 
significantly associated with a poor outcome in dogs 
with non-infectious inflammatory brain disease. The 
dog presented was with both of these signs, although 
the third negative prognostic factor i.e. an increased 
neutrophil CSF count, was absent (2). The diagnosis 
of NME in the presented case was in part hypothetical 
and was made on the basis of the history and the above 
mentioned results.

A definitive diagnosis could only be made based on 
histopathological analysis of a specimen obtained via 
a brain biopsy (10). However, this, as well as follow-
up MRI, was refused by the owner. The collected 
data is insufficient to answer the question whether 
the dog had NME or determine the type of inflamma-
tory process. In conclusion, acute onset of seizures in 
a young, female Pug dog with inflammatory CSF and 
contrast-enhancing forebrain lesion, do not necessar-
ily indicate poor prognosis and, moreover, testing for 
NME genetic markers may be sometimes confusing, 
both for the owner and the veterinarian, although it is 
a valuable tool in selecting healthy dogs for breeding.
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