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asTRACT. To evaluate the ability of serum glial fibrillary acidic protein (GFAP) concentration as a diagnostic marker for canine central ner-
vous system (CNS) disorders, sera from dogs with various CNS (n=47) and non-CNS (n=56) disorders were measured for GFAP by using
an ELISA kit. Healthy Beagles (n=15) and Pug dogs (n=12) were also examined as controls. Interestingly, only Pug dogs with necrotizing
meningoencephalitis (NME) showed elevated serum GFAP concentrations (<0.01 to 1.14 ng/m/), while other breeds of dogs with NME
did not. Among the Pug dogs with NME, serum GFAP concentrations did not correlate with their clinical features, such as ages or survival
times. Our data indicate the usefulness of serum GFAP as a novel marker for Pug dogs with NME.
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Necrotizing meningoencephalitis (NME), necrotizing
leukoencephalitis (NLE) and granulomatous meningoen-
cephalomyelitis (GME) are well-known idiopathic inflam-
matory diseases of the canine central nervous system (CNS).
While the unique clinical and pathological features of these
disorders have been well described by numerous reports [6,
71, poor information is available about laboratory tests that
can help the premortem diagnosis.

We previously reported the high prevalence of autoanti-
bodies against glial fibrillary acidic protein (GFAP) in the
cerebrospinal fluid (CSF) in dogs with NME [4]. However,
the CSF anti-GFAP autoantibodies were also detected in
some dogs with GME and brain tumors. We also revealed
the elevated GFAP concentrations in the CSF from Pug dogs
with NME [8]. Although the GFAP concentrations in the CSF
were negligibly low in CNS diseases other than NME, sev-
eral healthy Pug dogs possessed elevated GFAP concentra-
tions in their CSF. We have recognized the problem of these
CSF tests, lacking disease specificity. In the present study,
we examined the ability of serum GFAP concentrations as a
specific marker for canine NME or any CNS disorder.

Forty-seven dogs with CNS disorders were included in
this study. These dogs were referred to The University of
Tokyo Veterinary Medical Center (UT-VMC) between 2001
and 2011. NME (n=18), NLE (n=5) and GME (n=6) were
diagnosed based on the signalment, clinical signs, magnetic
resonance images (MRI), routine CSF tests and postmortem
histopathology. All of 18 dogs with NME and one of 6 dogs
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with GME were positive for anti-GFAP autoantibodies.
Eighteen dogs with other CNS disorders, such as brain tu-
mors, canine Distemper encephalitis, congenital hydroceph-
alus and idiopathic epilepsy, were also diagnosed by MRI,
CSF tests, microbiological tests, electroencepharogram tests
and/or postmortem examination. Blood sera were collected
at the first admission. Sera from dogs with non-CNS diseases
(n=56) were randomly collected at the UT-VMC between
2011 and 2012. These dogs had various non-CNS disorders
including neoplastic (n=16), hematologic (n=14), gastroin-
testinal (n=8), hepatic (n=4), orthopedic (n=4), endocrine
(n=3), dermatologic (n=2), renal (n=1), circulatory (n=1) or
other (n=2) diseases diagnosed based on the clinical records.
As healthy controls, fifteen adult Beagles and 12 Pug dogs
that had no evidence of disease were included. All sera were
stored at —30°C before use in this study.

Serum GFAP concentrations were determined in duplicate
by using a commercial ELISA kit for human GFAP (Bio-
Vendor Laboratory Medicine, Modrice, Czech). The cross
reactivities of anti-GFAP antibodies in the kit with canine
GFAP were confirmed by an indirect immunofluorescence
assay by using cultured canine astrocytes (data not shown).
ELISA data were statistically evaluated by a Kruskal-Wallis
test followed by Dunn’s test using GraphPad Prism 5 for Ma-
cintosh OS (La Jolla, CA, U.S.A.). Statistical significance
was assigned at P<0.05.

Figure 1 shows serum GFAP concentrations of all dogs
included in this study. Only Pug dogs with NME showed
elevated serum GFAP concentrations, that were significantly
higher than 4 Chihuahuas and 2 Shi-tzus with NME (P<0.05),
dogs with other CNS diseases (P<0.001), dogs with non-
CNS diseases (P<0.001) and the healthy controls (P<0.001).
When the cut-off value of serum GFAP was set at 0.1 ng/m/,
the sensitivity and specificity in Pug dogs with NME were
67% and 100%, respectively. In this study, we included two
healthy Pug dogs that showed elevated GFAP concentrations
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Fig. 1. Serum glial fibrillary acidic protein (GFAP) concentrations in Pug dogs and other breeds of

dogs with necrotizing meningoencephalitis (NME), dogs with necrotizing leukoencephalitis (NLE),
dogs with granulomatous meningoencephalomyelitis (GME), dogs with other CNS diseases, dogs
with non-CNS diseases and healthy controls (*P<0.05, ***P<(0.001. Dunn’s test).

Table 1.

Ages at onset, gender, durations from disease onset to examination, treatment before examination,

survival times from onset and serum glial fibrillary acidic protein (GFAP) concentrations of 12 Pugs with

necrotizing meningoencephalitis

Duration from onset to

Treatment before

Survival time Serum GFAP

No. Age Gender? examination (month) examination® (month) (ng/ml)
1 1Y6OM F <M G+P <IM <0.01
2 4Y8M NF 2M P 32M <0.01
3 1Y3M NF M G+P+Z 16M 0.04
4 0Y8M F <IM G+P M 0.07
5 6Y2M F 1M P 2M 0.12
6 1YOM M <M P <M 0.12
7 6YOM NF 27M G+P 31IM 0.19
8 2Y1IM F <IM G+P 11M 0.21
9 2Y5M NM M G+D 29M 0.24
10 0Y6M M 6M - oM 0.33
11 2YIM F <IM G+P 13M 1.07
12 0YIIM M <IM G <IM 1.14

a) M, NM, F and NF indicate male, neutered male, female and neutered female, respectively. b) G, P, Z and D
indicate glucocorticoids, phenobarbital, zonisamide and diazepam, respectively.

in the CSF in our previous report [8]. Interestingly, the serum
GFAP concentrations in these Pug dogs were under detection
limit. Table 1 shows the clinical profiles and serum GFAP
concentrations of 12 Pug dogs with NME. The ages at onset,
gender, duration from onset to examination, treatment before
examination or survival time from onset had no obvious re-
lationship to the serum GFAP concentrations.

In the present study, we found the elevated serum GFAP
concentrations that were highly specific for Pug dogs with
NME. In humans, while elevated serum GFAP concentra-

tions reflect intracerebral hemorrhage [1, 2], acute cerebral
stroke [1, 10] and traumatic brain injury [5, 9], serum anti-
GFAP autoantibodies are quite rare. On the other hand, many
of healthy and diseased dogs have circulating anti-GFAP
autoantibodies [3]. Thus, we predicted that a small amount
of GFAP leaked from the CNS would be captured or that the
GFAP assay would be interfered by the autoantibodies.
From our previous and present studies, we can hypoth-
esize the mechanism of elevated serum GFAP concentrations
in Pug dogs with NME. There may be certain fragility of as-
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trocytes even in healthy Pug dogs that allows GFAP leakage
into the CSF [8], and then when NME starts, GFAP moves
into the circulation via the damaged blood-brain barrier. This
phenomenon may not occur in other breeds of dogs with
NME, suggesting the profound difference in the pathogen-
esis of NME between the Pug and other breeds.

In conclusion, although the present study deals with small
numbers of dogs, serum GFAP may be used as a novel spe-
cific marker for NME in Pug dogs, that can be used in any
disease stage. To increase the diagnostic sensitivity, some
modifications to the ELISA may be necessary.
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