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ABSTRACT

Background: Canine distemper virus (CDV) affects both white and grey matter in the central nervous system (CNS). It causes
demyelination of white matter tracts, which releases myelin basic protein (MBP) into the cerebrospinal fluid (CSF). MBP levels in CSF
could therefore indirectly indicate the extent of white matter damage. The objective of this study was to determine MBP levels in the
CSF of dogs infected with natural cases of neurologic distemper.

Methods: In this study samples from healthy dogs, clinical cases of CDV and stray dogs from in and around the institute were
collected for investigation. The infection of the CNS was established by estimating the albumin quotient and, for 16 cases, by
histopathology. CSF biochemical parameters were analysed for 35 sero-positive clinical cases of neurologic distemper. MBP levels in
samples were estimated by quantitative ELISA. Stray dogs (6 cases) were also screened for this purpose.

Result: MBP levels in CSF were significantly (p<0.05) increased in natural cases of distemper encephalomyelitis and stray dogs
relative to controls. Three of the neurologic distemper cases clinically recovered despite high MBP levels, and two stray dogs also had
higher MBP concentrations. High CSF MBP may therefore not be a useful marker for predicting the outcome of neurologic distemper.
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INTRODUCTION

Canine distemper (CD), caused by the canine distemper
virus (CDV), is highly infectious and contagious disease
(Degene and Zebene, 2019) and widely prevalent in Indian
domestic and wild animals (Pawar et al., 2011; Ashmi et al.,
2017; Mourya et al., 2019). In a survey of free-ranging dog
populations from the Great Indian Bustard Sanctuary,
Maharashtra, India, 90.7% of dogs had been exposed to
CDV (Vanak et al., 2007). A high incidence was also recorded
by Latha et al. (2007) in suspected CD clinical samples,
where 70% of cases tested positive by Dot-ELISA.

Canine distemper virus causes a multifocal
demyelinating disease in dogs (Lempp et al., 2014), referred
to as neurologic distemper when it progresses to the CNS.
The virus has tropism for myelinated tissues of the brain
and spinal cord (Carvalho et al., 2012). Common areas for
demyelination include white matter areas of the cerebellum,
periventricular areas (especially around the fourth ventricle)
and the optic pathways and spinal cord (Beineke et al.,
2009). Demyelination can occur at multiple foci wherever
the virus has seeded but is consistently found in fiber tracts
near cerebrospinal fluid (CSF) pathways (Summers and
Appel, 1994).

Myelin basic protein (MBP) is one of the specific proteins
of the central nervous system. The levels of MBP or MBP-
like material in CSF could be a marker for measuring the
extent of myelin damage in the CNS (Kalistova et al., 2003).
In CDV infection, white matter injury is reflected by elevated
levels of MBP in CSF (Summers et al., 1987). As a
supplemental CSF test, the MBP ELISA, therefore, has the
potential for diagnosing and prognostication of demyelinating
disorders in dogs (Qji et al., 2007; Olby et al., 2020).
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MBP levels in dogs with natural clinical cases of distemper
encephalomyelitis have not previously been established.
Because MBP levels could potentially serve as a measure
of white matter damage, the objective of this study was to
determine the level of MBP in the CSF of dogs infected with
natural cases of neurologic distemper.

MATERIALS AND METHODS

This study was conducted on a sample of apparently healthy
dogs, clinical cases of CDV and stray dogs (free-ranging or
community-owned dogs) from in and around the Referral
Veterinary Polyclinic, Indian Veterinary Research Institute,
UP, India during the period 2008-2011. Ten healthy dogs
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maintained at the Division of Nutrition were randomly
selected as controls. Their health status was analysed based
on written records. Stray dogs were randomly chosen with
the help of a dog catcher. Ethical approval for healthy and
stray dogs was obtained via No.F.1-53/2004-JD (Res), dated
09.04.2010 and No.F.1-53/2004-JD (Res), dated 16.1.2012.
Clinical cases were brought to the Institute for treatment
and therefore did not require any administrative ethical
approval, but the owner’s written consent was obtained for
these cases. The quality of a dog’s life is highly associated
with its owner’s socioeconomic status and all the cases
considered in this study (59 cases) were not vaccinated
against CDV. Cases were identified by their institutional case
number.

Diagnosis

Sick dogs presented to the outpatient unit with clinical signs
suggestive of neurologic distemper were subjected to
serological diagnosis. In brief, the neurological signs include
epilepsy, head pressing, decerebellate rigidity, circling,
champing of jaw, temporal twitching, myoclonus of limbs,
posterior paresis and signs of meningitis were the observed
in these dogs. The serological diagnosis consisted of the
recombinant nucleocapsid distemper virus-specific immune-
enzymatic assay for IgM and an indirect immuno-enzymatic
assay for IgG. Both test kits were procured from Inmunologia
y Genetica Aplicada (Ingenasa, Madrid, Spain) and tests
were performed following the manufacturer’s guidelines.
Cases were considered sero-positive for distemper when
they were positive either on the IgM assay alone or on both
the IgM and IgG assays. Only sero-positive animals were
considered for further studies. The infection of the nervous
system was established by estimating the albumin quotient
(Thomas, 1998; Furr, 2002). Blood samples were collected
saphenous or cephalic veins and separated serum samples
were stored in aliquots at -20°C for further analysis. Serum
biochemical parameters were analysed by commercial kits
in 47 neurologic distemper cases and 7 stray dogs. For 16
cases that either died naturally or were euthanized, CNS
infection was further confirmed by histopathological
examination. Brain samples were sectioned, stained with
haematoxylin and eosin and observed under a microscope.

CSF collection and analysis

CSF was collected (n=33) mostly from the
cerebellomedullary cistern (CMC) or the caudal lumbar

Table 1: Serum biochemical parameters in various groups of dogs.

subarachnoid space, as per earlier reports (Di Terlizzi and
Platt, 2009). All samples were aliquoted and stored at -20°C
until further analysis. Total protein, albumin, potassium,
sodium and calcium levels in the CSF samples were
estimated by spectrophotometry using commercial kits. The
albumin quotient was calculated using a previously
described method (Thomas, 1998):

CSF albumin (mg/dl)
Serum albumin (g/dl) x 10

Albumin quotient (AQ)=

MBP levels in the CSF samples were quantified using
a two-step sandwich ELISA. The ELISA kit was purchased
from Diagnostic Systems Laboratories, TX, USA and the
standard curve was calculated using human MBP. The ELISA
results were obtained following established protocols (Oji
et al., 2007).

Statistical analysis

A one-way ANOVA was performed using SPSS software,
version 21, to compare the mean biochemical levels among
study groups (SPSS Inc., 233 South Wacker Drive, 11th
Floor, Chicago, IL 60606-6412). Post hoc multiple
comparisons were performed with the Tukey test.

RESULTS AND DISCUSSION

Of 59 suspected cases of neurologic distemper, 47 (79.66%)
were sero-positive either for IgM or both IgM and IgG.
However, only 35 positive cases were considered for CSF
parameters; CSF was not collected in 12 cases due to the
owner’s poor compliance, blood contamination, or failed
sampling attempts. The 35 neurologic distemper cases were
classified into three groups based on clinical signs and age,
as per an earlier report (Thomas, 1998). Classifying animals
proved to be difficult because many animals exhibited
multiple clinical signs. In addition to these clinical cases,
seven stray dogs and 10 healthy dogs were also screened
for CDV-specific antibodies. All the stray dogs had low to
median titer values of IgM (1/20-1/80) and high ftiter values
of IgG (> 1/320). The healthy dogs were negative for IgM
antibodies and had low titer values for IgG (1/20-1/40).

Biochemical changes

Serum biochemical levels for the various groups are shown
in Table 1. Compared to healthy controls, there was a
significant (p<0.05) reduction in both albumin levels and the

Healthy Acute Chronic Old dog Stray
Parameters control Encephalomyelitis Encephalomyelitis Encephalitis dogs

(n=10) (n=25) (n=16) (n=6) (n=7)
Total protein (g/dl) 7.15 + 0.40%® 6.33+0.372 8.02+0.39 @° 8.72+1.04° 7.43+0.30%°
Albumin (g/dl) 3.67 + 0.20° 2.86+0.15%° 2.95+0.14 @° 2.89+0.20%° 2.31£0.182
Globulin (g/dl) 3.41 £ 0.392 3.47+0.33 2 5.07+0.352° 5.84+1.04 ° 5.12+0.172°
A:G ratio 1.23 + 0.20° 0.88+0.09 @ 0.67+0.06 @ 0.56+0.09° 0.45+0.032

Means bearing different superscripts in the same row differ significantly (P<0.05).
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albumin-globulin (A: G) ratio in stray dogs and the A: G ratio
in dogs with chronic encephalomyelitis. The reduction in
albumin values in the chronic encephalomyelitis group was
non-significant. Biochemical levels in CSF for the various
groups are shown in Table 2. There was a significant
(p<0.05) increase in total protein and albumin in dogs with
chronic encephalomyelitis. There was also a significant
increase in mean albumin quotient (AQ) values in dogs
with acute or chronic encephalomyelitis compared to
controls, which confirmed infection of the nervous system.
However, 15 cases (42.86%) in our study showed AQ
values less than 2.35.

MBP levels in control animals were less than 1 ng/ml
(0.331£0.11 ng/ml). There was a significant increase (p<0.05)
in MBP values in dogs with acute (26.82+9.27 ng/ml) and
chronic (58.62+18.82 ng/ml) distemper encephalomyelitis
and in stray dogs (2.39+1.65 ng/ml) when compared to the
controls. MBP levels were especially high in the chronic
encephalomyelitis group. One animal in the acute
encephalomyelitis group had the lowest CSF MBP value
(0.872 ng/ml), while another two animals had high values
(165.1 and 166 ng/ml). MBP levels in the chronic
encephalomyelitis group ranged from 13.88 to 342.425 ng/
ml. Three cases in our study with high CSF MBP values
have since completely recovered. These cases were
followed up with after 1.5 years, 7 months and 2 years and
their initial CSF MBP values were 16.75, 48.955 and 166
ng/ml, respectively. Two stray animals in our study also had
high CSF MBP values (1.693 and 10.568 ng/ml).

Common histopathological changes in the brain tissue
of cases with neurologic distemper included sponginess or
status spongiosa, along with astrogliosis (Fig 2 and 3).
Gemistocytic astrocytes or gemistocytes and gitter cells were
occasionally present. Brain sections also showed an
apparent proliferation of capillaries, as well as distension
and congestion of blood vessels and loss of the surrounding
parenchyma. Degenerative changes in the neurons, such
as pyknosis, chromatolysis, gliosis and neuronophagia (Fig
4, 5 and 6), were also common. Neuronal necrosis in the
cerebral and cerebellar cortexmarked perivascular cuffing
and meningeal infiltration were also observed. Ten animals
in our study had intranuclear inclusion bodies in astrocytic

neurons (Fig 1). Another animal contained cysts of protozoal
bradyzoites.

Canine distemper continues to be a major threat to
domestic and wild animal populations in developing
countries, including India. The neurological signs (Wyllie
et al., 2016; Degene and Zebene, 2019) and
histopathological lesions observed in our study were similar
to earlier reports of dogs with CDV (Jones et al., 1997,
Koutinas, 2002). CDV affects both white and grey matter in
the CNS (Carvalho et al., 2012; Lempp et al., 2014). This
study explored the possibility of establishing biochemical
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Fig 1: Intranuclear inclusion body in cerebellum 100x H&E.
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Fig 2: Astrogliosis in cereberum 40x H&E.

Table 2: Cerebrospinal fluid biochemical parameters in various groups of dogs.

Healthy Acute Chronic Stray
Parameters control Encephalomyelitis Encephalomyelitis dogs

(n=6) (n=23) (n=10) (n=6)
Total protein (g/dl) 0.03%0.012 0.51+0.06°° 0.7040.12°¢ 0.35+0.09°
Albumin (mg/dI) 10.50+ 1.062 77.22+7.55° 108.90+17.19° 14.22+3.552
Chloride (mEq/L) 124.22+ 8.95 119.09+6.34 128.18+4.19 112.01£15.57
Sodium (mEg/L) 146.37+3.14 143.42+16.12 108.35+10.82 151.67+7.03
Potassium (mEq/L) 2.13+0.43 3.02+0.24 2.93+0.49 3.13+0.50
MBP (ng/ml) 0.30+0.112 26.82+9.27 ¢© 58.62+18.82° 2.39+1.65°
AQ 0.24+0.07 2 2.76+£0.30 ° 3.67+0.68° 0.58+0.24

Means bearing different superscripts in the same row differ significantly (P<0.05).
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values, especially MBP levels, as indicators of white matter
damage. Results of haematology and serum chemistry
profiles are normal or non-specific in many animals with
CNS inflammatory diseases (Mahajan et al., 2018). In our
study, the significant decreases in albumin levels and the
A: G ratio in the acute encephalomyelitis group, as well as
the non-significant increase in globulin values, indicate a
non-specific immune reaction to CDV infection. Dogs
mounting a partial immune response may recover from acute
illness but fail to eliminate the virus, leading to a spectrum
of more chronic diseases (Sykes, 2010). The significant
reduction in the A: G ratio and albumin levels in stray dogs
might be due to a lack of positive energy balance or to a
shared response to various infections.

The CSF biochemical changes observed in this study
matched previous reports of neurologic distemper (Thomas
etal., 1993; Thomas, 1998; Gama et al., 2007; Mahajan et al.,
2018). The higher mean albumin quotient values in acute
and chronic encephalomyelitis cases prove that there was
damage to the blood-brain or blood-CSF barriers, confirming
CNS infection in these animals (Furr, 2002). The significant
increase in CSF total protein in stray dogs might be due to
past CDV infection, which correlates with serum IgG levels.
There were no CSF electrolyte changes in animals with distemper.

The levels of CSF MBP in a previous specific-pathogen-
free experimental dog model ranged from 0 to 15.55 ng/ml.

Fig 3:
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Fig 4: Extensive microgliosis 40x H&E.

In an experimental distemper infection, dogs with severe
demyelination had elevated values of immunoreactive MBP,
while dogs with only mild inflammation had little or none
(Summers et al., 1987). The levels of CSF MBP in natural
distemper cases in our study were significantly higher
compared to this experimental model and other degenerative
myelopathy studies. These findings indicate that there is
severe demyelination in natural cases of neurologic
distemper. Dogs with subacute to chronic distemper virus
infection of the CNS have demyelinating leukoencephalopathy
(Lempp et al., 2014) and thus the elevated MBP in CSF.

Despite initially high levels of CSF MBP, three animals
in our study clinically recovered using conventional therapy.
Their recovery suggests that the level of CSF MBP may not
predict the clinical outcome of neurologic distemper. The
presence of high CSF MBP values in two stray dogs further
suggests that MPB levels are not predictive of clinical
outcomes. These five animals might have recovered due to
an enhancement of the endogenous remyelination process
performed either by residual oligodendrocytes or their
progenitors (Duncan et al., 1997). Extensive remyelination
followed by functional recovery has already been reported
in a cat model (Duncan et al., 2009).

From our study, we conclude that the level of MBP in
CSF was significantly (p<0.05) higher in natural cases of
canine distemper encephalomyelitis. Despite high MBP

¥ > ¥ ¥
. (AFS ]

R ’. i
‘¢ v

’ e A

! f,( |

[

"

{

Vi

‘l\ L] X LY
Tt { v R
' of \ « i 3

. »

¢ A

g T
L "‘.»“vl . by
f A |l ey, Cin e
¥ 1\*6,% !5

£ AR RA O Ty
Wt e

v
%N R
PERAL e A
b
Py

i

Fig 5: Demyelination of nerve tract in Spinal cord 40x H&E.
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Fig 6: Perivascular cuffing in cerebrum 40x H&E.
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values, three of the neurologic distemper cases clinically
recovered. Two stray dogs also had higher MBP
concentrations in their CSF. High CSF MBP may therefore
not be a useful marker for determining the outcome of
neurologic distemper.

Conflict of interest: None.
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