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Abstract
Background: Pugs commonly present with thoracolumbar myelopathy, also
known as pug dog myelopathy (PDM), which is clinically characterised by
progressive signs involving the pelvic limbs, no apparent signs of pain and,
often, incontinence. In addition to meningeal fibrosis and focal spinal cord
destruction, histopathology has confirmed lymphohistiocytic infiltrates in
the central nervous system (CNS) in a considerable number of pugs with
PDM. Lymphohistiocytic CNS inflammation also characterises necrotising
meningoencephalitis (NME) in pugs. This study aimed to investigate the
potential contribution of an immunological aetiology to the development of
PDM.
Methods: The concentrations of glial fibrillary acidic protein (GFAP) in serum
and CSF and of anti-GFAP autoantibodies in CSF were measured with an
ELISA. In addition, a commercial test was used for genetic characterisation
of the dog leukocyte antigen class II haplotype, which is associated with NME
susceptibility.
Results: This study included 87 dogs: 52 PDM pugs, 14 control pugs, four NME
pugs and 17 dogs of breeds other than pugs that were investigated for neuro-
logical disease (neuro controls). Anti-GFAP autoantibodies were present in 15
of 19 (79%) of the PDM pugs tested versus six of 16 (38%) of the neuro con-
trols tested (p = 0.018). All 18 PDM pugs evaluated had detectable CSF GFAP.
Serum GFAP was detected in two of three (67%) of the NME pugs and in two
of 11 (18%) of the control pugs but not in any of the 40 tested PDM pugs. Male
pugs heterozygous for the NME risk haplotype had an earlier onset of clini-
cal signs (70 months) compared to male pugs without the risk haplotype (78
months) (p = 0.036).
Limitations: The study was limited by the lack of healthy dogs of breeds other
than pugs and the small numbers of control pugs and pugs with NME.
Conclusions: The high proportion of PDM pugs with anti-GFAP autoanti-
bodies and high CSF GFAP concentrations provide support for a potential
immunological contribution to the development of PDM.

INTRODUCTION

Progressive ataxia and paraparesis as a consequence
of a thoracolumbar spinal cord disorder are com-
mon in pugs and appear worldwide.1–11 Consistent
clinical and pathological findings suggest that most
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of these disorders are caused by a specific condi-
tion; until now, only reported in pugs.11 The termi-
nology used to describe this condition has varied
between publications, and has included constric-
tive myelopathy4,7 and meningeal fibrosis.11 How-
ever, constrictive myelopathy is associated with the
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presence of articular process abnormalities and does
not include all pugs with this specific thoracolum-
bar myelopathy.9 The use of a pathological term,
meningeal fibrosis, is also not ideal when describ-
ing a clinical presentation. Therefore, the term pug
dog myelopathy (PDM) will be used in this study
to describe pugs clinically characterised by pro-
gressive signs involving the pelvic limbs, no appar-
ent signs of pain, commonly observed incontinence
and magnetic resonance imaging (MRI) confirmation
of intradural compression and/or focal spinal cord
T2W hyperintensity3,7 or pathological confirmation of
meningeal fibrosis and focal spinal cord destruction.11

Although a number of putative causes, including
meningeal as well as vertebral column pathologies,
have been proposed,1,3–7,10,12–15 the pathophysiolo-
gies of parenchymal spinal cord lesions in PDM have
not been determined. A previous pathology study
found that a significant proportion (43%) of pugs
with PDM showed varying degrees of inflammation
in the central nervous system (CNS). CNS inflamma-
tion, indicated by lymphohistiocytic infiltrates, was
in some but not all cases spatially related to the
parenchymal spinal cord lesion.11 The specific type
of cell infiltration found in the CNS of pugs with
PDM is also a predominant feature of necrotising
meningoencephalitis (NME).16,17 NME in pugs has
been described as an immune-mediated condition
with clinical signs reflecting the pathological predis-
position of the disease to the cerebral hemispheres.18

The major histocompatibility complex (MHC) genes
(human leukocyte antigen and dog leukocyte antigen
[DLA]) play a major role in autoimmune disease in
both people19 and dogs.20–29 NME in pugs30 has been
associated with DLA class II, and a high-risk haplotype
(S/S) (dogs with this haplotype being approximately
13 times more likely to develop NME in their life-
times) with a relatively high heritability has been
identified.25,26,29

Astrocytes are specialised glial cells responsible for
a wide variety of complex and essential functions in
the CNS.31 Astrocyte integrity is maintained by glial
fibrillary acidic protein (GFAP), an intermediate fila-
ment protein that is released from astrocytes into the
cerebrospinal fluid (CSF) after CNS injury.32 As GFAP is
almost uniquely found in astrocytes of the CNS, GFAP
in body fluids, including serum and CSF, has been
suggested to be a sensitive and specific biomarker of
CNS disorders in people.33,34 GFAP concentrations in
serum and CSF have also been described for dogs with
and without neurological disease,35–38 with high con-
centrations of CSF GFAP suggested to be specific for
NME.38

Furthermore, GFAP may induce an immune-
mediated reaction in both people and dogs, with the
development of anti-GFAP autoantibodies.16,17,38–42

The presence of anti-GFAP autoantibodies is used
to confirm a specific meningoencephalomyelitis
and ‘astrocytopathy’ as having autoimmune aeti-
ology in people.39,43 For canine NME, proposed
as the equivalent of human autoimmune GFAP
meningoencephalomyelitis,43 the diagnostic sen-

sitivity and specificity of anti-GFAP autoantibodies
have been reported to be 91% and 73%, respectively.38

However, whether the presence of an inflamma-
tory reaction contributes to the development of PDM
is largely unknown. Due to the presence of lympho-
histiocytic infiltrate in the CNS of many PDM pugs,
this should be further explored. By investigating pugs
diagnosed with PDM in a similar way as previously
described for NME pugs (by analysing concentrations
of GFAP in serum and CSF and anti-GFAP autoanti-
bodies in CSF and assessing the NME risk genotype
of affected and unaffected pugs), this study aimed to
investigate a potential inflammatory disease reaction
contributing to the development of PDM. We hypoth-
esised that PDM pugs would show increased CSF
GFAP and anti-GFAP autoantibodies. We also wanted
to explore whether the NME susceptibility DLA class II
haplotype is associated with PDM-affected pugs.

MATERIALS AND METHODS

The study was approved by the local Swedish Ethi-
cal Committee. Informed client consent was obtained
from all owners before inclusion of their dogs in
the study. Blood and CSF samples were collected
from client-owned dogs between 2013 and 2021 at
Albano Animal Hospital, Danderyd, and at the Univer-
sity Animal Teaching Hospital, Swedish University of
Agricultural Sciences (SLU), Uppsala, Sweden.

Dogs

The study comprised of four groups of dogs: (1)
pugs diagnosed with PDM (PDM pugs), (2) pugs
without neurological deficits (control pugs), (3) pugs
diagnosed with NME (NME pugs), and (4) dogs of
breeds other than pugs being investigated for various
neurological diseases (neuro controls).

PDM pugs were included if they presented with
clinical signs, including ataxia and paraparesis with
a duration of 1 month or more, and had under-
gone MRI confirming intradural compression and/or
focal spinal cord T2W hyperintensity3,7 and/or, in the
event the dog was euthanased, pathology confirmed
meningeal fibrosis and focal spinal cord destruction.11

Anamnestic and signalment data, including sex,
weight, colour and age of onset of clinical signs and
age at sampling, were collected for control and PDM
pugs. A subset of the recruited dogs had also been
included in two previous studies investigating the
presence of vertebral malformations and pathology in
pugs with PDM.10,11 Control pugs were included if they
presented without signs of neurological deficits and
were older than 6 years. Control pugs were recruited
through the Swedish breed club by inviting owners to
participate in the study. PDM pugs, control pugs and
neuro controls were prospectively recruited for this
study, while NME pugs were retrospectively recruited.

The clinical phenotype was determined based
on physical examination by the first author. Neuro
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controls included dogs of any breed other than pugs
for which a serum and a CSF sample were taken as
part of the routine diagnostic workup at the neurology
unit at Albano Animal Hospital, Danderyd, Sweden.
Pugs with NME included those that had been diag-
nosed with this condition by MRI and CSF,44–46 and
had blood (serum and/or whole blood) and/or CSF
available for analysis.

Pathology was not performed for any of the control
pugs, pugs with NME or dogs of breeds other than pugs
being investigated for various neurological diseases.

Blood and cerebrospinal fluid samples

Blood (serum and whole blood) and CSF were sam-
pled from PDM pugs and neuro controls on the day of
diagnostic workup. Control pugs were sampled on the
day of phenotypic confirmation, while blood and CSF
from pugs with NME had been previously sampled
as part of their diagnostic workup and stored. Blood
was collected from the cephalic vein into 5 mL EDTA
tubes (Vacuette vacuum tubes EDTA K2) for genetic
testing, and into 5 mL serum tubes (Vacuette vacuum
tubes, serum Sep Clot Activator) for GFAP analyses.
CSF samples were collected into 3.5 mL plastic tubes
(Ellerman tubes) during anaesthesia or directly fol-
lowing euthanasia for the control pugs. In general,
CSF was collected from the lumbar area in all the dogs
that underwent routine diagnostic work-up and from
the cerebellomedullary cistern in all the dogs that
underwent euthanasia. After collection, whole blood
and serum samples were centrifuged, and along with
the CSF samples, were immediately frozen and stored
at −70◦C until analysis.

ELISA analyses

GFAP in serum and cerebrospinal fluid

The GFAP concentrations in serum and CSF
were determined in duplicate using the com-
mercial, canine-compatible, human GFAP ELISA
(RD192072200R; BioVendor Laboratory Medicine)
according to the manufacturer’s instructions.
This assay has previously been used for canine
samples.35–38 All the kits used had the same lot
number. Cut-off values for separating normal and
abnormal GFAP concentrations in the serum and CSF
of dogs have previously been described.37,38

Anti-GFAP autoantibodies in cerebrospinal
fluid

Anti-GFAP immunoglobulin G (IgG) antibodies were
measured with an ELISA, essentially performed
as described previously in dogs.38 Briefly, 96-well
microtiter plates (MS-8508 M, previously named
MS-3508F; Sumitomo Bakelite Co.) were coated with
100 ng/well of purified bovine GFAP (62207; Progen
Biotechnik) in phosphate-buffered saline (PBS) pH

7.4 at 4◦C for 24 hours. After coating, the plates were
washed three times with 300 µL of PBS supplemented
with 0.05% Tween-20 (PBST). The plates were blocked
with PBST containing 1% bovine serum albumin
(A3803; Sigma–Aldrich Co.) for 60 minutes and then
washed as previously. The CSF samples were diluted
1:10 with PBS (pH 7.4), and 100 µL of the diluted
samples were added in duplicate to the corresponding
wells and incubated at room temperature for 60 min-
utes. Two CSF samples with confirmed high and low
values were added in duplicates as controls. The two
samples were from a 2.5 year old French bulldog (high
value) and a 4.5 year old mixed breed (low value).
The French bulldog presented with neurological signs
of a multifocal brain localisation, with MRI and CSF
abnormalities suggesting NME. The mixed breed dog
presented with a 3 year history of non-progressing
behavioural problems, no neurological deficits, and
unremarkable MRI of the brain and CSF. Samples
from these two dogs had been used in a test run of
the ELISA prior to the analyses of the entire study
population. The CSF samples from these two dogs
were not included in the study population. Also, as
a background control, 100 µL of PBS was added in
duplicate. After three washes with PBST containing
1% bovine serum albumin, 100 µL of goat anti-dog
IgG-horseradish peroxidase (A40-123P; Bethyl Labo-
ratories) diluted 1:1000 in PBS was added to each well
and the mixture was incubated at room temperature
for 60 minutes. The plates were washed three times
with PBST and developed with tetramethylbenzidine
(20-2629; Mercodia AB) at room temperature for 20
minutes. After adding Stop Solution (20-2693; Merco-
dia AB), the absorbance was measured at 450 nm on a
plate reader (Multiscan EX; Thermo Labsystems). The
absorbance value of the background control on each
plate was subtracted from each sample value. Cut-
off values in dogs separating normal and abnormal
anti-GFAP autoantibody concentrations in CSF have
previously been described.38

NME risk genotype assessment

Genomic DNA was extracted from 1 mL of whole
blood on a QIAsymphony SP instrument and a QIA
symphony DNA kit (Qiagen) to a concentration of
5–10 ng/µL before being shipped to the Veterinary
Genetics Laboratory at UC Davies. The NME risk geno-
type was determined using a linked short tandem
repeat marker test.26 The DLA class II susceptibility
variants were interpreted as described previously: N/N
haplotype—low risk of developing NME, N/S—low risk
of NME and S/S—increased risk of NME (N: normal
haplotype, S: susceptibility variant haplotype).25

Statistics

Statistical analyses were performed using a commer-
cially available statistical software program (JMP Pro
v. 15.2.0). The data were analysed using descriptive as
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T A B L E 1 Signalment and clinical variables of pugs with pug dog myelopathy (PDM) and control pugs

Variable
Information
rate

PDM pugs
(n = 52)

Control pugs
(n = 14)

Sex 100%

Male 36 (69%) 7 (50%)

Female 16 (31%) 7 (50%)

Coat colour 100%

Fawn 39 (75%) 14 (100%)

Black 13 (25%)

Median weight (kg) 76%

Male 9.1 (IQR 8.5–10.3) 9.9 (IQR 8.8–10.7)

Female 7.7 (IQR 7.3–8.4) 7.6 (IQR 7.4–7.7)

Median age (months) at sampling 100% 90 (IQR 69–102) 120 (IQR 95–138)

Male 86 (IQR 69–102) 130 (IQR 77–155)

Female 96 (IQR 63–110) 116 (IQR 99–125)

Median duration of clinical signs (months) before sampling 88% 4.5 (IQR 2.0–9.5)

Male 4.0 (IQR 2.3–6.0)

Female 7.0 (IQR 2.0–13.3)

Abbreviation: IQR, interquartile range.

well as inferential statistics. Continuous variables were
presented as medians and interquartile range (IQR).
The chi-squared test and Fischer’s exact test were
used to test for differences in proportions concerning
categorical data. Differences in continuous anamnes-
tic, signalment and laboratory variables between
groups were investigated using the non-parametric
Wilcoxon signed rank test. The association between
concentrations of CSF anti-GFAP autoantibodies and
CSF GFAP in PDM pugs was tested using linear regres-
sion. The level of statistical significance was set at
a p-value of less than 0.05.

RESULTS

Study population

In total, 87 dogs were included in the study: 52 PDM
pugs, 14 control pugs, four NME pugs and 17 neuro
controls. Of the PDM pugs, 34 were confirmed by
MRI and 25 by pathology (+/– MRI). Information
about the signalment and clinical variables of PDM
and control pugs is presented in Table 1. The group
of NME pugs included three males and one female.
CSF was available for three NME pugs, and serum
was also available for three. At the time of sam-
pling, two of the NME pugs were on treatment with
immunosuppressant and were neurologically stable.
The group of neuro controls included 10 male and
seven female dogs. The diagnoses of the neuro con-
trols were: meningoencephalitis of unknown origin
(MUO) (n = 4), steroid-responsive meningitis-arteritis
(SRMA) (n = 3), myoclonus/paroxysmal dyskinesia
(n= 2), cranial neuropathy (n= 2), lumbosacral steno-
sis (n = 2), spinal pain without a confirmed diagnosis
(n = 2), neoplasia brain (n = 1) and cerebellitis (n = 1).

GFAP in serum

The sera of 69 dogs were analysed for the presence of
GFAP, which included 40 PDM pugs, 11 control pugs,
three NME pugs and 15 neuro controls (Figure 1). Four
pugs showed elevated serum concentrations of GFAP;
two control pugs and two NME pugs. The two female
control pugs with positive serum GFAP concentrations
(2.7 and 13.5 ng/mL, respectively) were sampled at 117
and 125 months of age and carried DLA class II hap-
lotype S/S and N/S, respectively. CSF was unavailable
for analysis from the two control pugs with detectable
GFAP in serum. One of the two female pugs was
euthanased, without obvious neurological deficits, 29
months later. The second female control pug showed
no obvious neurological deficits 38 months following
sampling.

One of the two NME pugs with a positive serum
concentration of GFAP was sampled during initial
examination (0.5 ng/mL). The second (0.1 ng/mL)
and third (undetectable serum GFAP concentrations)
NME pugs were sampled 2 weeks and 2 years after
being diagnosed, respectively. Both of these pugs
were medicated using immunosuppressants and were
neurologically stable at the time.

GFAP in cerebrospinal fluid

The CSF of 40 dogs was analysed for the presence
of GFAP, which included 18 PDM pugs, four con-
trol pugs, two NME pugs and 16 neuro controls
(Figure 1). GFAP was detected in the CSF of all dogs
(Figure 2).

The dogs with the highest CSF GFAP concentra-
tions included one NME pug (21.0 ng/mL), four PDM
pugs (16.0, 19.1, 23.8 and 25.0 ng/mL) and four neuro
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F I G U R E 1 Venn diagrams showing the overlap and proportions of 87 dogs that underwent analysis of glial fibrillary acidic protein
(GFAP) in serum, GFAP in cerebrospinal fluid (CSF) and anti-GFAP autoantibodies in CSF, and genetic testing for necrotising
meningoencephalitis (NME) susceptibility. PDM, pug dog myelopathy.

F I G U R E 2 Glial fibrillary acidic protein
(GFAP) concentration in the cerebrospinal
fluid (CSF) of pugs with pug dog myelopathy
(PDM) (n = 18), neuro controls (n = 16),
control pugs (n = 4) and pugs with
necrotising meningoencephalitis (NME) (n =

2). Each point represents the mean
concentration of duplicate assays.

controls. The neuro controls included two dogs with
MUO (19.4 and 19.41 ng/mL), one dog with cranial
neuropathy (22.6 ng/mL) and one dog with spinal
pain but without a confirmed aetiological diagnosis
(18.5 ng/mL).

The median CSF GFAP concentration for samples
obtained from the cerebellomedullary cistern of PDM
pugs (n= 14) was 2.5 ng/mL (IQR 1.2–13.2), and that of
samples obtained from the lumbar cistern (n = 4) was
7.7 ng/mL (IQR 3.4–16.4).

Anti-GFAP autoantibodies in cerebrospinal
fluid

The CSF of 41 dogs was analysed for the presence of
anti-GFAP autoantibodies (Figure 1), which included
19 PDM pugs, three control pugs, three NME pugs
and 16 neuro controls. Anti-GFAP autoantibodies were
detected in the CSF of 31 (75.6%) dogs (Figure 3).
Fifteen of the PDM pugs (78.9%) and six neuro
controls (37.5%) showed an elevated CSF anti-GFAP
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F I G U R E 3 Anti-glial fibrillary acidic
protein (GFAP) autoantibody concentrations
in the cerebrospinal fluid (CSF) of pugs with
pug dog myelopathy (PDM) (n = 19), neuro
controls (n = 16), control pugs (n = 3) and
pugs with necrotising meningoencephalitis
(NME) (n = 3). Each point represents the
mean optical density (OD) of duplicate
assays. Cut-off value 0.10 OD.

T A B L E 2 Distribution of sex and age at onset of clinical signs of pugs with pug dog myelopathy by N/N and N/S necrotising
meningoencephalitis susceptibility dog leukocyte class II haplotype in 56 affected and control pugs

Variable
N/N
haplotype

N/S
haplotype

Median onset of clinical
debut (months) for pugs
with the N/N haplotype

Median onset of clinical
debut (months) for pugs
with the N/S haplotype p-Value

Affected pug 24 (49.0%) 23 (46.9%) 84 (IQR 72–102) 72 (IQR 54–90) 0.082

Affected pug, male 19 (55.9%) 14 (41.2%) 78 (IQR 72–100) 70 (IQR 24–86) 0.036

Affected pug, female 5 (33.3%) 9 (60.0%) 84 (IQR 66–116) 84 (IQR 64–96) 0.546

Control pugs 7 (70.0%) 2 (20.0%)

Abbreviations: IQR, interquartile range; N, normal haplotype; S, susceptibility variant haplotype.

autoantibody concentration (p = 0.018). The six
neuro controls showing elevated CSF anti-GFAP
autoantibody concentrations included two dogs with
MUO (optical density [OD] 0.19 and 1.97), two
dogs with SRMA (OD 0.13 and 0.70) and two
dogs presenting with spinal pain without a con-
firmed aetiological diagnosis (OD 0.10 and 0.10).
One of the three control pugs (OD 0.37) and the
three NME pugs (OD 1.25, 2.4 and 2.64) pre-
sented with elevated CSF anti-GFAP autoantibody
concentrations. There was no correlation between the
CSF GFAP and CSF anti-GFAP autoantibody concen-
trations in PDM pugs.

The median CSF anti-GFAP autoantibody con-
centration for samples obtained from the cerebel-
lomedullary cistern of PDM pugs (n = 15) was 0.29 OD
(IQR 0.15–0.50), and that for samples obtained from
the lumbar cistern (n = 4) was 0 OD (IQR 0–0.97).

NME risk genotype assessment

A total of 59 pugs, including 49 PDM and 10 control
pugs, were characterised according to their NME sus-
ceptibility DLA class II haplotype (Figure 1). The N/N
haplotype was present in 24 (49.0%) and seven (70.0%)
pugs, the N/S haplotype was present in 23 (46.9%) and
two (20.0%) pugs, and the S/S haplotype was present

in two (4.1%) and one (10.0%) PDM and control pug,
respectively (Table 2).

DISCUSSION

Despite being a common disease with severe morbid-
ity, the aetiopathogenesis of PDM is largely unknown.
The finding of anti-GFAP autoantibodies and high
CSF GFAP concentrations in PDM pugs in the present
study adds support to a suspected immunological
contribution to the development of PDM.

As hypothesised, PDM pugs presented with
increased CSF GFAP concentrations compared with
the control pugs; indeed, more than one-third of the
PDM pugs presented with increased CSF GFAP. In
addition, a proportion (17%) of PDM pugs had CSF
GFAP concentrations corresponding to those of the
NME pugs. Acute CNS conditions such as trauma or
vascular insults are followed by the release of GFAP,
which normalises within a few days.47 High CSF GFAP
concentrations are observed in patients with autoim-
mune astrocytopathies in the acute phase of the
disease and at relapse but with normal levels of GFAP
in between.33,38 Similarly, an increase in CSF GFAP in
dogs with NME occurs only in the early stages of the
disease.38 The increased CSF GFAP concentrations
in PDM pugs therefore suggest that they may have
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active, ongoing, CNS affection despite chronic clinical
signs. Microtrauma, as a result of instability, related or
unrelated to articular process abnormalities,4,48,6 CNS
inflammation38 and intervertebral disc herniation,5,7,9

could, by itself or in combination, be potential drivers
of astrocyte damage and the continuous release of
GFAP.

The presence of anti-GFAP autoantibodies in
PDM pugs was significantly more common than
in dogs of other breeds investigated for neurological
diseases, many with inflammatory CNS disease. The
pathogenicity of anti-GFAP autoantibodies for astro-
cytes is not entirely clear, and any astrocyte activation
in response to CNS injury may trigger the devel-
opment of anti-GFAP autoantibodies.49 However,
in people, anti-GFAP autoantibodies in CSF have a
high sensitivity and specificity for autoimmune GFAP
astrocytopathy.39,50 Anti-GFAP autoantibodies have
also been studied in dogs with inflammatory CNS
disease,17,38,51,52 and a high diagnostic sensitivity
and specificity has been shown for canine NME.38

Unlike GFAP concentrations, anti-GFAP autoanti-
bodies are detectable in both the acute and chronic
stages of autoimmune GFAP astrocytopathy in peo-
ple and in canine NME.38,53 The majority of PDM
pugs do not present histopathological evidence of
CNS inflammation,11 and PDM pugs without CNS
inflammation present a longer duration of clinical
signs before euthanasia than PDM pugs with CNS
inflammation.11 It has therefore been suggested
that PDM pugs present with an early inflammatory
phase and a later chronic proliferative state in which
fibrosis and adhesions become permanent.11 Theo-
retically, the early phase could include any spinal cord
effect that causes the release of GFAP and triggers an
immunological response, including the production
of anti-GFAP autoantibodies. As the disease becomes
chronic, the concentrations of GFAP would return to
normal, while anti-GFAP autoantibody concentrations
remain high. Although speculative, this reasoning
could explain why only 43% of histopathologically
investigated pugs showed CNS inflammation, while
79% of ELISA-analysed PDM pugs presented with CSF
anti-GFAP autoantibodies.

None of the PDM pugs presented with elevated
serum GFAP concentration, but two healthy con-
trol pugs (117 and 125 months of age) and two
out of three NME pugs did. The results for the two
healthy pugs corresponded to serum concentrations
previously reported for dogs developing progressive
myelomalacia after severe spinal cord injury.35 The
cause of the high serum GFAP concentrations of these
two healthy pugs, which far exceeded the serum con-
centrations of the two NME pugs that were expected
to show elevations, is difficult to explain. The find-
ing of elevated GFAP in the CSF of healthy pugs
has previously been described, and has been sug-
gested to represent an inherent fragility of the pug’s
astrocytes, which makes them prone to ‘leak’ GFAP.38

However, for GFAP to be released into the blood, an
acute insult with loss of the integrity of the astro-
cyte and a damaged blood–brain barrier is required.32

Increased serum GFAP has been described in people
with clinically silent CNS injury but requires the use
of highly sensitive assays.47 Therefore, the majority
of acute and chronic neurological diseases in peo-
ple do not cause detectable GFAP concentrations in
the blood.47,54 The possibility of false-positive ELISA
results needs to be considered36,55; however, none of
the other dogs analysed (53 PDM pugs and neuro con-
trols) showed positive serum GFAP concentrations.
The two female pugs were followed for a considerable
length of time after sampling without apparent devel-
opment of any neurological dysfunction. Although
considered highly specific for neuronal damage, being
expressed in astrocytes and Schwann cells, GFAP can
also occasionally be found in tissues outside the ner-
vous system.56 These tissues include Kupffer cells in
the liver and interstitial cells in the pituitary gland and
paraganglions.56 GFAP is also expressed in osteocytes
of mature bones and chondrocytes from epiglottal,
bronchial and tracheal cartilage.57–59 The results of
this study could suggest that other, non-neuronal,
routes for elevated serum GFAP concentrations in
pugs may need to be considered.

Due to the presence of lymphohistiocytic inflam-
mation in the CNS of PDM pugs similar to that in
NME pugs, we wanted to explore whether the pres-
ence of the NME susceptibility DLA class II haplotype
was associated with PDM. Male PDM pugs with the
NME susceptibility class II risk haplotype N/S pre-
sented with clinical signs of PDM at a significantly
younger age (70 months) than male pugs with the
N/N haplotype (78 months). Although a genetic study
recently showed that multiple loci, including those
involved in inflammatory responses, were associated
with PDM, the study did not provide specific support
for the involvement of the DLA class II.60 Therefore,
the potential role of the MHC genes in the develop-
ment of PDM, including the importance of an earlier
clinical development of PDM in male pugs with the
risk allele, needs to be further explored.

This study aimed to investigate the potential con-
tribution of an immunological aetiology to the devel-
opment of PDM in pugs by examining PDM pugs
in a similar way to what had previously been done
in NME pugs.25,26,37,38,42 However, other methods
for investigating the immunological contribution to
PDM could be considered. A recent study inves-
tigated systemic inflammatory cytokine profiles in
asymptomatic NME pugs.61 The same study, using
a slightly different protocol to identify genetic risk
markers and describe pugs as having a low, medium
or high risk for NME, suggested the presence of
alterations in systemic immune variables in asymp-
tomatic dogs at genetic risk for NME.62 However,
despite the presence of low- to medium-risk haplo-
types, some pugs presented a strong inflammatory
cytokine profile. Among the pugs with a strong inflam-
matory cytokine profile but a low clinical risk for the
development of NME were a few older dogs with
ataxia and paraparesis, potentially suggestive of PDM.
Based on the study by Windsor et al.,61 it would be
of interest to investigate if alterations in systemic
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immune variables, unrelated to the NME risk hap-
lotype, might be considered for the development
of PDM.61 In humans, there is robust evidence for
a link between obstructive sleep apnoea syndrome
(OSAS) and systemic inflammation,63,64 and in mice,
intermittent hypoxia has been shown to upregulate
GFAP in the brain.65 Brachycephalic airway syndrome
(BOAS), common in pugs,66 causes naturally occurring
hypoxia and resembles OSAS.67 Because a previous
study found an association between dyspnoea and gait
abnormalities in pugs,68 the role of chronic hypoxia
in the development of PDM should be further
investigated. Hypoxia could potentially contribute
to the PDM pathophysiology by driving inflam-
mation, specifically neuroinflammation, in BOAS-
affected dogs.

GFAP was detected in the CSF of all analysed dogs,
including control pugs, in our study. GFAP can be
detected in the CSF under normal conditions, albeit
at very low concentrations. However, the mechanism
behind these basal levels is unknown.69

A CSF GFAP cut-off value of 2.0 pg/mL was reported
in a previous study in dogs, in which the diagnostic
sensitivity and specificity for NME were 53% and 84%,
respectively.38 In the present study, we used a similar
commercial ELISA kit for human GFAP (Biovendor).
Due to GFAP CSF concentrations ranging between
0.16 and 25.0 ng/mL, we were not able to apply the
previously suggested cut-off value. The limit of detec-
tion of the assay, provided by the manufacturer, is
described as 0.045 ng/mL, and in view of this, the pre-
viously suggested cut-off value may be questioned.
The ‘limit of detection’, or preferably the ‘analytical
sensitivity’, asserts the smallest amount of an analyte
that can be measured correctly in an assay, which for
GFAP measured by ELISA has been reported as 78.0
pg/mL.34,70 Normal reference intervals for CSF GFAP
concentrations analysed by ELISA are described for
healthy people at various ages69,71 and should also be
determined for healthy dogs.

As indicated by our results, the location of sam-
pling for CSF GFAP could be of importance and should
preferably be standardised for future studies. While
lumbar punctures are routine in human medicine,
both cerebellomedullary and lumbar sampling are
used routinely in veterinary medicine. The prefer-
ence is often based on the location of the lesion
but considerations related to the risk of sampling
at the cerebellomedullary cistern and the technical
difficulty of lumbar sampling are also taken into con-
sideration.The limitations of this study included the
absence of CSF and blood samples from healthy dogs
of breeds other than pugs and the low number of
CSF samples from control and NME pugs. However,
our control pugs were comparably old, which reduced
their risk of developing PDM at a later stage. Sampling
of CSF from healthy individuals requires anaesthesia
and thus brings a certain risk for the patient; therefore,
it is difficult to ethically justify. Sampling in association
with euthanasia is an alternative; however, it requires

the owner’s consent. Another limitation was the over-
lap between sampled dogs; for example, not all dogs
had the same tests performed on blood and CSF. The
unfortunate loss of samples stored in a freezer that
broke down during the study largely contributed to the
lack of consistency in sampled material. Further limi-
tations were the lack of histopathology to confirm the
clinical phenotype of NME pugs and neuro controls.

CONCLUSION

In this study, a potential immunological contribution
to the development of PDM was supported by the
high proportion of PDM pugs with anti-GFAP autoan-
tibodies and high GFAP concentrations in the CSF. In
addition, an earlier onset of clinical signs was asso-
ciated with the N/S haplotype than with the N/N
haplotype in male PDM pugs. The results of this study
could guide future research into the potential role
of the immunological system in the development of
PDM.

A U T H O R C O N T R I B U T I O N S
Contributions to the concept and design of the study
were made by Cecilia Rohdin, Ingrid Ljungvall, Karin
Hultin Jäderlund and Jens Häggström. Data acquisi-
tion was performed by Cecilia Rohdin. Data analysis
was performed by Anna Svensson. Interpretation of
data for the article was performed by Cecilia Rohdin,
Ingrid Ljungvall, Karin Hultin Jäderlund, Jens Häg-
gström and Kerstin Lindblad-Toh. All the authors
contributed to authorship and approved the final
version of the manuscript.

A C K N O W L E D G E M E N T S
We thank Monika Spång for her kind help with the
sampling of dogs, Susanne Gustafsson for help with
the preparation of samples and Haleh Yazdan Panah
for her meticulous handling of the ELISAs. Thanks to
the generosity of the dogs and owners enrolled in this
study. This study was funded by the Sveland Founda-
tion of Animal Health and Welfare and the Thure F. and
Karin Forsberg’s Research Foundation.

C O N F L I C T O F I N T E R E S T S T A T E M E N T
The authors declare they have no conflicts of interest.

D A T A A V A I L A B I L I T Y S T A T E M E N T
The data that support the findings of this study are
archived at the Anicura Albano Small Animal Hospital
and are available from the corresponding author upon
reasonable request.

E T H I C S S T A T E M E N T
Ethical approval was obtained from the Animal
Ethics Committee of Sweden (Uppsala Djurförsök-
setiska Nämnd C202/2014b and Stockholms Djur-
försöksetiska Nämnd Dnr4599-202).

 20427670, 2024, 12, D
ow

nloaded from
 https://bvajournals.onlinelibrary.w

iley.com
/doi/10.1002/vetr.3895 by Sw

edish U
niversity O

f A
gricultural Sciences, W

iley O
nline L

ibrary on [10/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



VETERINARY RECORD 9 of 10

O R C I D
Cecilia Rohdin https://orcid.org/0000-0002-7698-
550X

R E F E R E N C E S
1. Alisauskaite N, Cizinauskas S, Jeserevics J, Rakauskas M,

Cherubini GB, Anttila M, et al. Short- and long-term outcome
and magnetic resonance imaging findings after surgical treat-
ment of thoracolumbar spinal arachnoid diverticula in 25 Pugs.
J Vet Intern Med. 2019;33(3):1376–83.

2. Bagheri S, Venta P, Ballegeer E, Lin Y, Patterson J. Investi-
gation of subarachnoid diverticulum and other spinal cord
diseases in pugs. Merial-NIH National Veterinary Scholars
Symposium “Solving complex challenges at the interface of
humans, animals and their environment”, California, USA.
2015.

3. Driver CJ, Rose J, Tauro A, Fernandes R, Rusbridge C. Magnetic
resonance image findings in pug dogs with thoracolumbar
myelopathy and concurrent caudal articular process dysplasia.
BMC Vet Res. 2019;15(1):182.

4. Fisher SC, Shores A, Simpson ST. Constrictive myelopathy sec-
ondary to hypoplasia or aplasia of the thoracolumbar caudal
articular processes in pugs: 11 cases (1993–2009). J Am Vet Med
Assoc. 2013;242(2):223–29.

5. Flegel T, Muller MK, Truar K, Loffler C, Oechtering G. Thora-
columbar spinal arachnoid diverticula in 5 pug dogs. Can Vet J.
2013;54(10):969–73.

6. Tauro A, Rose J, Rusbridge C, Driver CJ. Surgical management
of thoracolumbar myelopathies in pug dogs with concurrent
articular facet dysplasia. VCOT Open. 2019;02(01):e60–e72.

7. Lourinho F, Holdsworth A, McConnell JF, Gonçalves R,
Gutierrez-Quintana R, Morales C, et al. Clinical features and
MRI characteristics of presumptive constrictive myelopathy in
27 pugs. Vet Radiol Ultrasound. 2020;61(5):545–54.

8. Smiler KL, Patterson JS. Constrictive myelopathy: a cause
of hind limb ataxia unique to pug dogs. Canine and feline
breeding and genetics conference, Boston, MA, USA. 2013.

9. Wachowiak IJ, Patterson JS, Winger KM, Smiler KL, Cole R,
Moon R, et al. Thoracolumbar myelopathies in pug dogs. J Vet
Intern Med. 2023;37(2):618–25.

10. Rohdin C, Häggström J, Ljungvall I, Nyman Lee H, De Decker
S, Bertram S, et al. Presence of thoracic and lumbar vertebral
malformations in pugs with and without chronic neurological
deficits. Vet J. 2018;241:24–30.

11. Rohdin C, Ljungvall I, Häggström J, Leijon A, Lindblad-Toh K,
Matiasek K, et al. Thoracolumbar meningeal fibrosis in pugs. J
Vet Intern Med. 2020;34(2):797–807.

12. Aikawa T, Shimatsu T, Miyazaki Y. Hemilaminectomy, diver-
ticular marsupialization, and vertebral stabilization for thora-
columbar spinal arachnoid diverticula in five dogs. J Am Anim
Hosp Assoc. 2019;55(2):110–16.

13. Bismuth C, Ferrand FX, Millet M, Buttin P, Fau D, Cachon
T, et al. Original surgical treatment of thoracolumbar sub-
arachnoid cysts in six chondrodystrophic dogs. Acta Vet Scand.
2014;56:32.

14. Full A, Dewey CJ, Bouma JL. Prevalence and magnetic res-
onance imaging of intervertebral disc disease in pugs with
caudal articular process dysplasia of the thoracolumbar spine.
ACVR Proceedings, St. Louis, MO, USA. 2014.

15. Longo S, Gomes SA, Lowrie M. Previously unreported mag-
netic resonance findings of subarachnoid fibrosis leading
to constrictive myelopathy in a pug. J Small Anim Pract.
2019;60(5):324.

16. Park ES, Uchida K, Nakayama H. Comprehensive immuno-
histochemical studies on canine necrotizing meningoen-
cephalitis (NME), necrotizing leukoencephalitis (NLE), and
granulomatous meningoencephalomyelitis (GME). Vet Pathol.
2012;49(4):682–92.

17. Uchida K, Park E, Tsuboi M, Chambers JK, Nakayama H.
Pathological and immunological features of canine necrotising
meningoencephalitis and granulomatous meningoencephali-
tis. Vet J. 2016;213:72–77.

18. Cordy DR, Holliday TA. A necrotizing meningoencephalitis of
pug dogs. Vet Pathol. 1989;26(3):191–94.

19. Rosenblum MD, Remedios KA, Abbas AK. Mechanisms of
human autoimmunity. J Clin Invest. 2015;125(6):2228–33.

20. Kennedy LJ, Huson HJ, Leonard J, Angles JM, Fox LE,
Wojciechowski JW, et al. Association of hypothyroid disease
in Doberman Pinscher dogs with a rare major histocom-
patibility complex DLA class II haplotype. Tissue Antigens.
2006;67(1):53–56.

21. Kennedy LJ, Quarmby S, Happ GM, Barnes A, Ramsey IK,
Dixon RM, et al. Association of canine hypothyroidism with a
common major histocompatibility complex DLA class II allele.
Tissue Antigens. 2006;68(1):82–86.

22. Massey J, Boag A, Short AD, Scholey RA, Henthorn PS, Littman
MP, et al. MHC class II association study in eight breeds of dog
with hypoadrenocorticism. Immunogenetics. 2013;65(4):291–
97.

23. Peiravan A, Allenspach K, Boag AM, Soutter F, Holder A,
Catchpole B, et al. Single nucleotide polymorphisms in major
histocompatibility class II haplotypes are associated with
potential resistance to inflammatory bowel disease in Ger-
man shepherd dogs. Vet Immunol Immunopathol. 2016;182:
101–5.

24. Nakazawa M, Miyamae J, Okano M, Kanemoto H, Katakura
F, Shiina T, et al. Dog leukocyte antigen (DLA) class II
genotypes associated with chronic enteropathy in French bull-
dogs and miniature dachshunds. Vet Immunol Immunopathol.
2021;237:110271.

25. Greer KA, Wong AK, Liu H, Famula TR, Pedersen NC, Ruhe
A, et al. Necrotizing meningoencephalitis of Pug dogs asso-
ciates with dog leukocyte antigen class II and resembles acute
variant forms of multiple sclerosis. Tissue Antigens. 2010;76(2):
110–18.

26. Pedersen N, Liu H, Millon L, Greer K. Dog leukocyte antigen
class II-associated genetic risk testing for immune disorders of
dogs: simplified approaches using pug dog necrotizing menin-
goencephalitis as a model. J Vet Diagn Invest. 2011;23(1):
68–76.

27. Treeful AE, Rendahl AK, Friedenberg SG. DLA class II hap-
lotypes show sex-specific associations with primary hypoa-
drenocorticism in Standard Poodle dogs. Immunogenetics.
2019;71(5–6):373–82.

28. Oshima A, Ito D, Katakura F, Miyamae J, Okano M, Nakazawa
M, et al. Dog leukocyte antigen class II alleles and haplotypes
associated with meningoencephalomyelitis of unknown origin
in Chihuahuas. J Vet Med Sci. 2023;85(1):62–70.

29. Barber RM, Schatzberg SJ, Corneveaux JJ, Allen AN, Porter
BF, Pruzin JJ, et al. Identification of risk loci for necrotiz-
ing meningoencephalitis in Pug dogs. J Hered. 2011;102(Suppl
1):S40–S46.

30. Greer KA, Schatzberg SJ, Porter BF, Jones KA, Famula
TR, Murphy KE. Heritability and transmission analysis of
necrotizing meningoencephalitis in the Pug. Res Vet Sci.
2009;86(3):438–42.

31. Siracusa R, Fusco R, Cuzzocrea S. Astrocytes: role and functions
in brain pathologies. Front Pharmacol. 2019;10:1114.

32. Yang Z, Wang KK. Glial fibrillary acidic protein: from interme-
diate filament assembly and gliosis to neurobiomarker. Trends
Neurosci. 2015;38(6):364–74.

33. Petzold A. Glial fibrillary acidic protein is a body fluid
biomarker for glial pathology in human disease. Brain Res.
2015;1600:17–31.

34. Petzold A. The 2022 Lady Estelle Wolfson lectureship on
neurofilaments. J Neurochem. 2022;163(3):179–219.

35. Olby NJ, Lim J-H, Wagner N, Zidan N, Early PJ, Mariani CL,
et al. Time course and prognostic value of serum GFAP, pNFH,
and S100β concentrations in dogs with complete spinal cord
injury because of intervertebral disc extrusion. J Vet Intern
Med. 2019;33(2):726–34.

36. Sato Y, Shimamura S, Mashita T, Kobayashi S, Okamura Y,
Katayama M, et al. Serum glial fibrillary acidic protein as a diag-
nostic biomarker in dogs with progressive myelomalacia. J Vet
Med Sci. 2013;75(7):949–53.

 20427670, 2024, 12, D
ow

nloaded from
 https://bvajournals.onlinelibrary.w

iley.com
/doi/10.1002/vetr.3895 by Sw

edish U
niversity O

f A
gricultural Sciences, W

iley O
nline L

ibrary on [10/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-7698-550X
https://orcid.org/0000-0002-7698-550X
https://orcid.org/0000-0002-7698-550X


10 of 10 VETERINARY RECORD

37. Miyake H, Inoue A, Tanaka M, Matsuki N. Serum glial fibrillary
acidic protein as a specific marker for necrotizing meningoen-
cephalitis in Pug dogs. J Vet Med Sci. 2013;75(11):1543–45.

38. Toda Y, Matsuki N, Shibuya M, Fujioka I, Tamahara S, Ono K.
Glial fibrillary acidic protein (GFAP) and anti-GFAP autoan-
tibody in canine necrotising meningoencephalitis. Vet Rec.
2007;161(8):261–64.

39. Flanagan EP, Hinson SR, Lennon VA, Fang B, Aksamit AJ,
Morris PP, et al. Glial fibrillary acidic protein immunoglobulin
G as biomarker of autoimmune astrocytopathy: analysis of 102
patients. Ann Neurol. 2017;81(2):298–309.

40. Shibuya M, Matsuki N, Fujiwara K, Imajoh-Ohmi S, Fukuda
H, Pham NT, et al. Autoantibodies against glial fibrillary
acidic protein (GFAP) in cerebrospinal fluids from pug
dogs with necrotizing meningoencephalitis. J Vet Med Sci.
2007;69(3):241–45.

41. Zarkali A, Cousins O, Athauda D, Moses S, Moran N,
Harikrishnan S. Glial fibrillary acidic protein antibody-positive
meningoencephalomyelitis. Pract Neurol. 2018;18(4):315–19.

42. Uchida K, Hasegawa T, Ikeda M, Yamaguchi R, Tateyama S.
Detection of an autoantibody from pug dogs with necrotiz-
ing encephalitis (pug dog encephalitis). Vet Pathol. 1999;36(4):
301–7.

43. Fang B, McKeon A, Hinson SR, Kryzer TJ, Pittock SJ, Aksamit
AJ, et al. Autoimmune glial fibrillary acidic protein astro-
cytopathy: a novel meningoencephalomyelitis. JAMA Neurol.
2016;73(11):1297–307.

44. Flegel T, Henke D, Boettcher IC, Aupperle H, Oechtering G,
Matiasek K. Magnetic resonance imaging findings in histolog-
ically confirmed Pug dog encephalitis. Vet Radiol Ultrasound.
2008;49(5):419–24.

45. Kuwabara M, Tanaka S, Fujiwara K. Magnetic resonance imag-
ing and histopathology of encephalitis in a pug. J Vet Med Sci.
1998;60(12):1353–55.

46. Granger N. Magnetic resonance imaging findings in histolog-
ically confirmed pug dog encephalitis. Vet Radiol Ultrasound.
2009;50(2):241–42; author reply 2–3.

47. Abdelhak A, Foschi M, Abu-Rumeileh S, Yue JK, D’Anna L, Huss
A, et al. Blood GFAP as an emerging biomarker in brain and
spinal cord disorders. Nat Rev Neurol. 2022;18(3):158–72.

48. Aikawa T, Miyazaki Y, Kihara S, Saitoh Y, Nishimura M, Stephan
SL, et al. Vertebral stabilisation for thoracolumbar vertebral
instability associated with cranial and caudal articular process
anomalies in pugs: seven cases (2010–2019). J Small Anim Pract.
2022;63(9):699–706.

49. Zhang Z, Zoltewicz JS, Mondello S, Newsom KJ, Yang Z, Yang
B, et al. Human traumatic brain injury induces autoanti-
body response against glial fibrillary acidic protein and its
breakdown products. PLoS One. 2014;9(3):e92698.

50. Shan F, Long Y, Qiu W. Autoimmune glial fibrillary acidic pro-
tein astrocytopathy: a review of the literature. Front Immunol.
2018;9:2802.

51. Matsuki N, Fujiwara K, Tamahara S, Uchida K, Matsunaga S,
Nakayama H, et al. Prevalence of autoantibody in cerebrospinal
fluids from dogs with various CNS diseases. J Vet Med Sci.
2004;66(3):295–97.

52. Fujiwara K, Matsuki N, Shibuya M, Tamahara S, Ono K. Autoan-
tibodies against glial fibrillary acidic protein in canine sera. Vet
Rec. 2008;162(18):592–93.

53. Gravier-Dumonceau A, Ameli R, Rogemond V, Ruiz A, Joubert
B, Muñiz-Castrillo S, et al. Glial fibrillary acidic protein autoim-
munity: a French cohort study. Neurology. 2022;98(6):e653–68.

54. Mayer CA, Brunkhorst R, Niessner M, Pfeilschifter W, Steinmetz
H, Foerch C. Blood levels of glial fibrillary acidic protein
(GFAP) in patients with neurological diseases. PLoS One.
2013;8(4):e62101.

55. Terato K, Do CT, Cutler D, Waritani T, Shionoya H. Prevent-
ing intense false positive and negative reactions attributed to
the principle of ELISA to re-investigate antibody studies in
autoimmune diseases. J Immunol Methods. 2014;407:15–25.

56. Wittchow R, Landas SK. Glial fibrillary acidic protein expres-
sion in pleomorphic adenoma, chordoma, and astrocytoma.

A comparison of three antibodies. Arch Pathol Lab Med.
1991;115(10):1030–33.

57. Kasantikul V, Shuangshoti S. Positivity to glial fibrillary acidic
protein in bone, cartilage, and chordoma. J Surg Oncol.
1989;41(1):22–26.

58. Kepes JJ, Perentes E. Glial fibrillary acidic protein in chon-
drocytes of elastic cartilage in the human epiglottis: an
immunohistochemical study with polyvalent and monoclonal
antibodies. Anat Rec. 1988;220(3):296–99.

59. Dolman CL. Glial fibrillary acidic protein and cartilage. Acta
Neuropathol. 1989;79(1):101–3.

60. Brander G, Rohdin C, Bianchi M, Bergvall K, Andersson G,
Ljungvall I, et al. Multiple genetic loci associated with pug dog
thoracolumbar myelopathy. Genes. 2023;14(2):385.

61. Windsor R, Stewart SD, Talboom J, Lewis C, Naymik M, Piras IS,
et al. Leukocyte and cytokine variables in asymptomatic pugs
at genetic risk of necrotizing meningoencephalitis. J Vet Intern
Med. 2021;35(6):2846–52.

62. Windsor R, Stewart S, Schmidt J, Mosqueda M, Piras I, Keller
SM, et al. A potential early clinical phenotype of necrotiz-
ing meningoencephalitis in genetically at-risk pug dogs. J Vet
Intern Med. 2022;36(4):1382–89.

63. Kheirandish-Gozal L, Gozal D. Obstructive sleep apnea and
inflammation: proof of concept based on two illustrative
cytokines. Int J Mol Sci. 2019;20(3):459.

64. Imani MM, Sadeghi M, Khazaie H, Emami M, Sadeghi Bahmani
D, Brand S. Evaluation of serum and plasma interleukin-6 lev-
els in obstructive sleep apnea syndrome: a meta-analysis and
meta-regression. Front Immunol. 2020;11:1343.

65. Baronio D, Martinez D, Fiori CZ, Bambini-Junior V, Forgiarini
LF, Pase da Rosa D, et al. Altered aquaporins in the brains of
mice submitted to intermittent hypoxia model of sleep apnea.
Respir Physiol Neurobiol. 2013;185(2):217–21.

66. Liu NC, Troconis EL, Kalmar L, Price DJ, Wright HE, Adams VJ,
et al. Conformational risk factors of brachycephalic obstruc-
tive airway syndrome (BOAS) in pugs, French bulldogs, and
bulldogs. PLoS One. 2017;12(8):e0181928.

67. Hendricks JC, Kline LR, Kovalski RJ, O’Brien JA, Morrison
AR, Pack AI. The English bulldog: a natural model of
sleep-disordered breathing. J Appl Physiol. 1987;63(4):
1344–50.

68. Rohdin C, Jäderlund KH, Ljungvall I, Lindblad-Toh K,
Häggström J. High prevalence of gait abnormalities in pugs.
Vet Rec. 2018;182(6):167.

69. Rosengren LE, Ahlsén G, Belfrage M, Gillberg C, Haglid KG,
Hamberger A. A sensitive ELISA for glial fibrillary acidic pro-
tein: application in CSF of children. J Neurosci Methods.
1992;44(2–3):113–19.

70. Kuhle J, Barro C, Andreasson U, Derfuss T, Lindberg R,
Sandelius Å, et al. Comparison of three analytical platforms
for quantification of the neurofilament light chain in blood
samples: ELISA, electrochemiluminescence immunoassay and
Simoa. Clin Chem Lab Med. 2016;54(10):1655–61.

71. Rosengren LE, Lycke J, Andersen O. Glial fibrillary acidic
protein in CSF of multiple sclerosis patients: relation to neu-
rological deficit. J Neurol Sci. 1995;133(1):61–65.

How to cite this article: Rohdin C, Ljungvall I,
Jäderlund KH, Svensson A, Lindblad-Toh K,
Häggström J. Assessment of glial fibrillary acidic
protein and anti-glial fibrillary acidic protein
autoantibody concentrations and necrotising
meningoencephalitis risk genotype in dogs with
pug dog myelopathy. Vet Rec. 2024;e3895.
https://doi.org/10.1002/vetr.3895

 20427670, 2024, 12, D
ow

nloaded from
 https://bvajournals.onlinelibrary.w

iley.com
/doi/10.1002/vetr.3895 by Sw

edish U
niversity O

f A
gricultural Sciences, W

iley O
nline L

ibrary on [10/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/vetr.3895

	Assessment of glial fibrillary acidic protein and anti-glial fibrillary acidic protein autoantibody concentrations and necrotising meningoencephalitis risk genotype in dogs with pug dog myelopathy
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Dogs
	Blood and cerebrospinal fluid samples
	ELISA analyses
	GFAP in serum and cerebrospinal fluid
	Anti-GFAP autoantibodies in cerebrospinal fluid

	NME risk genotype assessment
	Statistics

	RESULTS
	Study population
	GFAP in serum
	GFAP in cerebrospinal fluid
	Anti-GFAP autoantibodies in cerebrospinal fluid
	NME risk genotype assessment

	DISCUSSION
	CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	ORCID
	REFERENCES


