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The status of pro-inflammatory cytokines =
TNF-a and IL-6 in the cerebrospinal fluid
of dogs with nervous distemper

Marjan Mahmoodabadi', Hadi Mohebalian?” and Ali Asghar Sarchahi®

Abstract

Background Canine distemper virus (CDV) is a multisystemic disease in dogs that causes severe neurological signs
due to viral replication in neurons and glial cells; this leads to gray matter lesions and demyelination. The resulting
inflammation causes additional harm to the affected tissues. This study aimed to investigate the relationship between
pro-inflammatory cytokines Tumor Necrosis Factor (TNF-a) and interleukin (IL-6) levels in Cerebrospinal fluid (CSF) and
the neurological form of distemper disease in dogs.

Results The study included 23 CDV-infected dogs with neurological signs, 10 diseased but CDV-negative (non-
infected) dogs, and 12 healthy controls. CSF samples were analyzed using Reverse Transcription Polymerase Chain
Reaction (RT-PCR) for CDV sequences and the sandwich enzyme-linked immunosorbent assay (ELISA) method for
quantifying IL.-6 and TNF-a levels. While a significant increase in CSF cytokine levels was observed between the CDV-
infected and healthy controls, no significant differences were detected between the CDV-infected and non-infected
diseased groups.

Conclusions The elevated levels of IL.-6 and TNF-a in the CSF of dogs with nervous distemper suggest their
involvement in disease pathogenesis. However, their lack of specificity limits their use as reliable diagnostic
biomarkers for distinguishing nervous distemper from other neurological conditions in dogs. Further research is
needed to identify more accurate and specific biomarkers for the precise diagnosis and effective management of CDV
infection.
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Introduction

Canine distemper is a viral disease caused by the canine
distemper virus, a member of the morbillivirus genus
within the Paramyxoviridae family [1]. CDV and other
morbilliviruses, such as Measles virus (MeV) and Rinder-
pest virus (RPV), specifically target the lymphatic system
and strongly suppress the immune system. Infection with
CDV leads to a prolonged disruption of immune func-
tion, resulting in immunosuppression, loss of lympho-
cytes, reduced white blood cell count, and heightened
vulnerability to opportunistic infection [2]. CDV is a
virus with a protective outer layer and a negative-sense
single-strand RNA; it is composed of six structural pro-
teins; the nucleocapsid (N), the phosphoprotein (P), the
large (L), the matrix (M), the hemagglutinin (H), and the
fusion (F) protein [3-5].

CDV spreads rapidly in lymphoid tissues by selectively
binding to the membrane glycoprotein SLAM (signal-
ing lymphocyte activation molecule) through its F and
H proteins [3-5]. The H protein of CDV interacts with
one or multiple receptors, facilitating cellular attachment
and initiating the activation of the F protein by tissue-
specific proteases, ultimately resulting in cellular infec-
tion [6, 7]. CDV infects resident T-cells and B-cells via
SLAM, resulting in viral replication and primary viremia
[8]. Transmission of CDV primarily occurs by aerosols
and affects the upper respiratory tract. Within the initial
24 h after infection, the virus multiplies in macrophages
and circulating B and T cells. Subsequently, viral par-
ticles travel through the lymphatic pathway to the bron-
chial lymph nodes and tonsils [9, 10]. CDV then spreads
across various epithelial tissues and the central nervous
system (CNS) via the bloodstream or CSF [10]. Dur-
ing acute CDV infection, the upregulation of SLAM in
immune cells within the CNS facilitates viral replication
in the brain. The virus can enter the CSF and spread to
various brain structures, such as optic fibers and nerves,
rostral medullary velum, cerebral peduncles, and spinal
cord, either as a free virus or associated with lympho-
cytes. This results in lesions in these areas, contributing
to the disease’s pathogenesis [3—5]. The virus can infect
several types of cells, including epithelial, lymphoid, and
neural cells. As a result, it causes a widespread infection
involving the respiratory, gastrointestinal, urinary, lym-
phatic, cutaneous, skeletal, and central nervous systems
[11, 12]. During the early and late convalescent phases
of CDV, affected dogs often show a higher frequency of
respiratory, gastrointestinal, and neurological signs. The
most commonly observed clinical signs associated with
canine distemper include fever, coughing, ocular-nasal
discharge, diarrhea, lymphopenia, cutaneous hyperpla-
sia, tremors, and paralysis [13]. Neurological signs vary
and may include hyperesthesia, ataxia, seizures, myoclo-
nus, cerebellar and vestibular diseases, paraparesis, and
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tetraparesis [11]. The differences in neurological signs
seen in dogs may be linked to the infecting viral strains
[14].

Dogs with CDV infection exhibited expression of
both pro- and anti-inflammatory cytokines in the brain,
including IL-1P, IL-6, IL-12, and TNF-a. This expres-
sion may be directly induced by the virus or triggered
via autocrine and paracrine immune signaling [15-17].
Notably, increased IL-6, TNF-a, and IL-1 levels correlate
with viral replication and may contribute to pathogene-
sis through cytokine-mediated mechanisms [18]. TNF-a
is mainly produced by astrocytes and appears to have a
vital function in the development of early demyelination,
as evidenced in the case of multiple sclerosis [19]. While
there is no apparent link between cytokine mRNA tran-
scripts and respiratory or gastrointestinal symptoms,
central nervous system demyelination is often accompa-
nied by elevated levels of IL-1, IL-12, TNF-a, and trans-
forming growth factor (TGF)-f in the bloodstream of
dogs with natural CDV infection [16]. TNF-a and IL-6
mRNA, which are linked to illness exacerbation, as well
as IL-10 and TGF-mRNA, which indicate remission, are
frequently found together in the CSF of spontaneously
infected dogs [20].

Canine Distemper virus is a worldwide enzootic dis-
ease that is difficult to diagnose early due to the variety
of clinical signs, with very high morbidity and mortality,
especially in unvaccinated animals [21]. Although routine
laboratory assessments and clinical findings can provide
valuable insights for an initial diagnosis of CDV, they
are insufficient for confirming the disease [22]. Reverse
transcription polymerase chain reaction (RT-PCR) has
been used to detect the presence of CDV sequences in
whole blood, buffy coat cells, serum, and CSF in dogs
with systemic or nervous distemper [23]. Among these,
CSF samples demonstrate higher sensitivity for detecting
CDV than mucosal swabs or whole blood samples, using
both rapid and RT-PCR assays [22]. The conventional
belief that the CNS is immune-privileged is currently
being challenged. This is because CNS disease often leads
to molecular and morphological responses and interac-
tions among different resident CNS cells in response to
tissue stress and injury [24, 25]. Within this framework,
cytokines, which are extremely powerful immune agents,
play a crucial role in mediating the processes of immu-
nology and immunopathology in different CNS disorders
[26]. Accurate diagnosis is crucial for effective treatment
and to avoid misdiagnosis. This study aimed to assess the
pro-inflammatory cytokines TNF-a and IL-6 levels in
CSF samples from dogs with confirmed CDV infection.
Cytokine levels were measured using sandwich ELISA to
evaluate their potential role as distinguishing markers in
neurological distemper.
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o te vy Materials and methods
5 ; a ; ‘2 s Study design and subject
= s 3 S 3 v B8 A case-control study was conducted at the veterinary
° cfoLsom hospital of Ferdowsi University of Mashhad in Iran.
] The study protocol was assessed by the Faculty of Vet-
- § erinary Medicine research committee and approved by
a = ! b the Research Ethics Committee of Ferdowsi University
Q 2 of Mashhad (Approval ID: IR.UM.REC.1399.120). The
w T‘:.’- study included 45 dogs: 23 CDV-infected with neuro-
S8+ + o1 logical signs (study group), 10 non-infected diseased dogs
" (control group 1), and 12 healthy dogs (control group 2)
§ > = admitted to the Veterinary Teaching Hospital. A com-
£ 7 5 § v 4 prehensive history was collected from the owners, which
. © included information on recent vaccinations, living con-
g % ditions, and the onset date of symptoms. Additionally,
_g‘ é o a complete physical examination was conducted on the
E g § o dogs, and their data are presented in Table 1. Efforts were
> . e g 15 made to rule out other diseases that could present similar
*E S & % clinical signs to canine distemper virus (CDV); this was
% ?; g £ = g accomplished through detailed histories, assessment of
e % 2_—‘; g g % g clinical signs, physical examinations, monitoring of dis-
g‘ & % E § % 2 ease progression, hematological evaluations, and the use
o of Rapid IC antigen test kits. Consent was then obtained
aE |y @ from the owners, and samples were collected follow-
%E ;o: 88 S ing routine hospital procedures. Dogs were anesthetized
e |3 |T 28 o< with 10% ketamine hydrochloride and 2% Acepromazine
g3 % z |£58& 22 intravenously before sample collection. The area between
E ‘% z the occipital bone and atlas wings was shaved, cleaned,
T o |u disinfected, and prepared for CSF collection. Under
g é g g & §£%8 anesthesia, CSF samples were collected from all dogs fol-
§ |& |g§ & 88 lowing standard procedures. A 1 ml aliquot of CSF was
stored at -80 °C for further analysis.
g g gt
8§ & 358 RT-PCR
:g, % % % % CDV infection was confirmed using reverse RT-PCR on
S & & & the CSF samples. An RNA extraction kit (GeneAll Bio-
technology Co, Ltd, Seoul, Korea) was used according
® to the manufacturer’s instructions. RNA was converted
g into cDNA with AccuPower® CycleScript RT PreMix
:>‘é 2 2 24 (Bioneer, Daejeon, South Korea), using 20 puL of CSF
RNA according to the manufacturer’s instructions. Oli-
- c E gonucleotide primer pairs (PP-I, PP-II, and PP-III) were
g g ?;J ?g % § used to amplify specific CDV nucleoprotein (NP) gene
& A= =200 regions, producing amplicons of 286, 259, and 899 bp in
. . length, respectively. A separate primer pair was used to
9 T v of amplify the housekeeping (GAPDH) gene sequence [27].
& g = =29 Although the primers and PCR protocol were based on
sle the method described in the reference, minor modifica-
Q| tions were made to the cycling conditions to improve
% é amplification efficiency: initial denaturation at 94 °C
S §\ RN for 1 min, 37 cycles of denaturation at 94 °C for 1 min,
- oW annealing at 59 °C for 2 min, and extension at 72 °C for
20, 2 1 min; followed by a final extension at 72 °C for 5 min.
s|&s 5 8 58 PCR product lyzed by electrophoresi
S2 g g < products were analyzed by electrophoresis on a
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Fig. 1 RT-PCR analysis of CSF samples from CDV-infected dogs. Amplifi-
cation of the CDV nucleoprotein (NP) gene is shown, with visible bands
between 200-220 base pairs, lanes from left to right: 960,336, 980,258,
971,158, 980,276, 961,155, 960,278. GAPDH was used as a housekeeping
gene for normalization. PCR products were separated on a 1.5% agarose
gel and visualized under UV light

1.5% agarose gel in 1x TBE buffer (pH 8.4), stained with
DNA green viewer (Pars Tous Biotechnology, Mashhad,
Iran), and visualized under UV light after running at 70
volts for 90 min.

Measurement of IL-6 and TNF-a in CSF samples

A commercial sandwich ELISA kit (Bioassay Technology
Company) was used to measure IL-6 and TNF-a levels
in the CSF samples. The assay was performed according
to the manufacturer’s instructions, with standard and
blank samples run in triplicate. The standard curve was
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generated using the concentration standards and their
corresponding optical density (OD) values. An ELISA
reader was employed to obtain absorbance values, which
were then used to determine concentrations based on the
standard curve generated from the ELISA assay.

Statistical analysis

Cytokine levels were compared among groups using a
one-way analysis of variance (ANOVA). Post-hoc com-
parisons were conducted to identify differences between
specific groups.

Results

In the current study, cerebrospinal fluid (CSF) samples
from 23 dogs with confirmed neurological signs of CDV
were analyzed using RT-PCR. CDV RNA was detected
in all infected dogs, confirming the presence of the virus
in the study group. In contrast, no amplification of CDV
RNA was observed in either the 10 non-infected (dis-
eased) or 12 healthy control groups. Figure 1 shows the
RT-PCR analysis of CSF samples, with visible amplicon
bands corresponding to the CDV nucleoprotein gene in
the infected samples.

The current study investigated the levels of pro-inflam-
matory cytokines TNF-a and IL-6 in the CSF of CDV-
infected, non-infected, and healthy dogs. A total of 45
dogs were included: 23 CDV-infected dogs with neuro-
logical signs, 10 non-infected but diseased dogs (control
group 1), and 12 healthy dogs (control group 2).

TNEF-a levels in the CSF were significantly higher in
both CDV-infected dogs (mean: 17.6 pg/mL) and non-
infected diseased dogs (mean: 16.9 pg/mL) compared
to healthy controls (P<0.001 for both comparisons), as
shown in Table 2. However, no statistically significant

Table 2 Compares TNF-a and IL-6 in the studied groups. Values are expressed as mean+sem

Multiple comparison

Dependent variable (l)group (J) group

Mean Difference (I-J) Std. Error Sig

95% Confidence interval

Lower Bound Upper Bound

TNF-a CDV-infected group Control group (healthy)
Non-infected group
Control group (healthy) CDV-infected group
Non-infected group
Non-infected group CDV-infected group
Control group (healthy)
IL-6 CDV-infected group Control group (healthy)

Non-infected group
Control group (healthy) CDV-infected group
Non-infected group
CDV-infected group
Control group (healthy)

Non-infected group

1448116 227728  0.000 8.8024 20.1599
0.68783 242231 1.000 -53526 6.7283
-14.48116 227728  0.000 -20.1599 -8.8024
-13.79333 273816 0.000 -20.6214 -6.9653
—-0.68783 3.11695 1.000 -6.7283 5.3526
13.79333 2.79753 0.000 6.9653 206214
1.8225 067331 0.029 0.1435 3.5015
-1.0809 071619 0416 -2.8668 0.7051
-1.8225 067331 0.029 -3.5015 —0.1435
-2.9033 0.80957  0.003 -4.9221 —0.8845
1.0809 071619 0416 -0.7051 2.8668
29033 0.80957  0.003 0.8845 4.9221

Based on observed means
The error term is Mean Square (Error)=3.57

The mean difference is significant at the 0.05 level
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Fig. 2 The box plot shows TNF-a concentrations in three different groups (p <0.05)
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Fig. 3 The box diagram illustrates the levels of IL-6 in the three studied groups

difference was found between the CDV-infected and
non-infected groups (P =1.000) despite the slightly higher
mean in the infected group. These findings are further
illustrated in Fig. 2.

The present study revealed a significant difference
in IL-6 levels between CDV-infected and healthy dogs
(P=0.029) Table 2. Furthermore, our results indicated
substantial differences in the IL-6 levels between non-
infected dogs and healthy dogs (P=0.003), suggest-
ing that the assumption of equal means between these
groups is invalid. However, the levels of IL-6 in the CSF
of the CDV-infected group compared to the non-infected
group were not significant (P=0.416) Table 2. These find-
ings suggest that the role of IL-6 may be shared across
various neurological disorders and may lack specificity to

be considered as a specific diagnostic marker for nervous
distemper (Fig. 3).

Discussion

There are ongoing uncertainties regarding how viral
persistence affects the onset of neurological signs asso-
ciated with canine distemper virus (CDV) infection [6].
Cytokines play a crucial role in causing inflammation
and degeneration in the affected central nervous system
of dogs with distemper disease. The interaction between
viruses and cytokines is complex. Viruses can trigger
cytokine expression but also suppress cytokine activity
through multiple pathways [28, 29]. It seems CDV infec-
tion starts a series of events leading to the activation of
pro-inflammatory cytokines such as TNF-a and IL-6
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[30]. Evaluating cytokines in biological samples, like CSE,
is crucial for understanding the immune-inflammatory
response and assessing central nervous system (CNS)
involvement [30, 31]. A previous study demonstrated
that CSF samples exhibit higher sensitivity for detecting
CDV than mucosal swabs or whole blood samples, uti-
lizing both rapid antigen and RT-PCR assays [22]. The
Khuth study employed the PCR method to analyze the
expression of pro-inflammatory cytokines in the brain
tissue of infected mice in comparison to sham-inoculated
mice with CDV. They found there was a robust correla-
tion between the production of inflammatory cytokines
and viral replication in the CNS, observing an increase in
the expression of TNF- a and IL-6 mRNAs in all infected
brain structures except the brain stem and cerebellum
[32]. The role of TNF-a and IL-6 in the CSF of CDV-
infected dogs is not fully understood, and their potential
use as additional diagnostic biomarkers requires further
investigation, particularly when compared to levels in
non-infected but diseased dogs. Our results revealed that
the concentrations of TNF-a and IL-6 in the CSF of dogs
infected with CDV were notably elevated compared to
those in healthy dogs. These findings align with previous
research. Dinarello and Kiecolt-Glaser’s [33, 34] investi-
gations have shown that during the initial stage of mor-
billivirus infection in dogs, pro-inflammatory cytokines
such as IL-6 and TNF-a are prevalent. Similarly, Seible’s
study found these cytokines were significant during the
first 24 h of the CDV Onderstepoort (CDV-OND) strain
in vitro infection. The investigation of pro-inflammatory
substances in Seible’s research was conducted using (RT-
PCR) and by analyzing the obtained blood samples [35].
Frisk et al. evaluated cytokine production in the CSF of
dogs with natural CDV using RT-PCR. IL-6 transcripts
were the most frequently expressed, followed by TNE-
a. No cytokine transcripts were found in control dogs.
Their study collected CSF samples from dogs within 0
to 72 h post-mortem, which differs from our approach,
where CSF samples were obtained from living dogs.
Additionally, the RT-PCR method was employed to eval-
uate the mRNA of cytokines, in contrast to our study,
in which ELISA was used to assess the pro-inflamma-
tory concentrations [20]. We found significantly higher
concentrations of TNF-a and IL-6 in the CSF of CDV-
infected and diseased non-infected dogs compared to
healthy controls. These findings align with the results of
Merbl et al., who investigated the concentrations of IL-6
and TNF-a in dogs experiencing seizures. The signifi-
cant positive relation between CSF and serum IL-6 and
TNEF-a suggests that both cytokines increase systemically
and within the CNS during an inflammatory seizure-
induced process, which can occur as a neurological sign
in CDV infection [36]. In their study, the concentration of
cytokines in serum and CSF was measured using ELISA,

Page 7 of 10

similar to the approach employed in our study. However,
their study focused on dogs with seizures attributable to
three distinct etiologies (epileptic seizures of neoplastic,
inflammatory, or idiopathic etiology). The research con-
ducted by Song et al. showed that the mRNA expres-
sion of IL-6 and TNFa was regulated in peripheral blood
lymphocytes (PBL) induced by CDV. In their study, the
inflammatory mRNA expression of cytokines was evalu-
ated using RT-PCR. Notably, there was no control group,
unlike the current research, which compared CDV-
infected groups with both healthy and diseased groups
[37]. In the same investigation as ours, Grone et al. [16]
examined canine blood samples in three control groups:
a healthy and diseased group and a CDV-infected; they
detected cytokine mRNA IL-6 transcripts in septic
canines and dogs with neurodegeneration. Their results
showed that mRNA transcripts of IL-6 and TNF-a were
detected in whole blood from dogs with acute distemper.
No control animals demonstrated the presence of necro-
sis factor alpha (TNF-a) mRNA. The mRNA expres-
sion of IL-6 in their study in CDV-infected and diseased
groups was in line with our results, which evaluated the
concentration of these two cytokines in CSF samples, but
contrary to our study, they did not detect the transcript of
TNF genes in the non-infected (diseased) group. Accord-
ing to the result of Grone’s study, TNF-a is frequently
seen along with glial fibrillary acidic protein (GFAP) in
astrocytes, especially in acute lesions. These findings
indicate that astrocytes expressing TNF play a crucial
role in the early stage of DL (distemper leuko-encephalo-
myelitis) and may potentially contribute to the process of
demyelination [19] therefore, the group of non-infected
(diseased) in their study may account for the variations
in results.

In a prior investigation by Markus et al., the develop-
ment of demyelinating cerebellar lesions in early distem-
per CNS lesions was examined. Their study revealed that
dogs exhibited heightened levels of pro-inflammatory
cytokines during the initial phases of canine distem-
per. The expression levels of different cytokines, such
as TNF-a and IL-6, were assessed using RT-PCR. Our
study aimed to build upon their finding by investigating
cytokine production levels in the CSF of dogs affected by
canine distemper, comparing these levels with those of
healthy control dogs and non-infected dogs. Our results
were consistent with Markus et al., who reported that
94% of dogs with canine distemper exhibited IL-6 expres-
sion, while only 17% of the control group showed similar
expression [30]. In addition, the results of Beinkie’s study,
which examined the expression of pro-inflammatory
cytokines in nervous canine distemper, were consistent
with our findings. They detected Transcripts of precur-
sor cytokines IL-6 and TNEF- o in 100% and 80% of CDV-
infected dogs, respectively, In comparison to the control
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group. Their study utilized Optimal Cutting Temperature
(OCT)-embedded frozen tissue blocks from the cerebral
cortices of all dogs with distemper leukoencephalitis,
evaluated by RT-PCR [38].

Grone et al. studied tissue samples from CDV-infected
dogs. These included primary brain cells (mainly microg-
lia, with fewer astrocytes and neurons), skin fibroblasts,
small pieces of the cerebellum, and subcutis. They found
that CDV infection of primary brain cells resulted in an
increase in mRNA transcripts of IL-6, and TNF protein
was identified with a significant increase in CDV-infected
cells compared to non-infected cells. However, in dermal
fibroblast evaluation, only an increase in TNF transcripts
was observed. The expression of TNF protein was limited
to a small number of cells, and it increased on days 6 and
9 following infection. In contrast, the increase of TNF in
the CSF samples of dogs with CVD in our study, Groen’s
results indicated the least effect on TNF transcription in
Madin Darby canine kidney cells (MDCK) with distem-
per diagnosis. The only higher mRNA amplification in
infected cells was IL-6 on days 6 and 9. In addition, IL-6
protein was present in uninfected MDCK cultures and
CDV-infected cultures shortly after infection, which was
inconsistent with the absence of increased IL-6 concen-
tration in healthy samples in our study. It appears that the
pro-inflammatory cytokines TNF and IL-6 were the most
frequently induced by CDV infection in a variety of cell
lines. Nevertheless, there are some variations in cell lin-
eage that may be significant in the development of natu-
ral diseases. This is particularly evident in the context of
MDCK cells and their capacity to resist CDV infection to
a certain extent [18]. Interestingly, a contrasting pattern
was observed in another study by Dik et al. [21], where
serum levels of TNF- a and IL-6 were lower in CDV-
positive canines than in healthy dogs. This discrepancy is
not entirely evident; however, it may be due to the differ-
ence in sample types analyzed (CSF vs. serum) and the
immunosuppression of CDV in lymphoid tissues. Addi-
tionally, cytokine transcripts were found more frequently
in dogs with a low antigen index. In contrast, dogs with a
high antigen index showed an absence of cytokine tran-
scripts. This indicates that a high viral load is linked to
low expression of cytokines in the peripheral blood. The
lack of cytokine transcripts in dogs with a high antigen
index may result from the negative impact of canine dis-
temper virus (CDV) on cytokine gene transcription in
blood leukocytes [16].

The elevated mortality rates linked to CDV infec-
tions necessitate accelerating the diagnosis process to
ensure prompt quarantine and treatment for affected
dogs [39]. In a study conducted by Kocatiirk et al. [40],
the authors investigated the differences in cytokine
and chemokine profiles, along with inflammatory and
antioxidant markers, in serum and CSF samples from
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CDV-infected dogs exhibiting neurological signs. Their
findings demonstrated a significant correlation between
specific biomarkers in serum and CSF, particularly IL-6
and monocyte chemoattractant protein-1 (MCP-1), sug-
gesting that serum levels may reflect central nervous sys-
tem (CNS) changes. Among the cytokines analyzed, only
IL-7 (cytokine), IL-8 (chemokine/CXCL8), and MCP-1
(chemokine/CCL2) showed significant differences in
serum samples, indicating their potential pathophysi-
ological roles and diagnostic utility in the neurological
form of CDV infection. In contrast to our study find-
ings, no statistically significant differences in serum lev-
els of TNF-a and IL-6 between CDV-infected dogs and
healthy controls were reported. While our results rein-
force the importance of IL-6 and TNF-a as key compo-
nents of the inflammatory response, we also suggest that
a broader cytokine profile may enhance clinical diagnos-
tic capabilities.

Conclusion

This study evaluated the concentrations of two pro-
inflammatory cytokines, IL-6 and TNF-a, in the cere-
brospinal fluid of dogs with canine distemper virus
(CDV) infection. Results showed significantly higher
levels of both cytokines in CDV-infected dogs compared
to healthy controls, suggesting their involvement in the
development and progression of CDV-associated neuro-
logical complications. These findings highlight the poten-
tial role of IL-6 and TNF-« in guiding treatment decisions
and prognosis. However, no significant differences in
cytokine levels were found between CDV-infected dogs
and non-infected dogs with other neurological condi-
tions (e.g., intervertebral disc disease, epilepsy, general-
ized paralysis). This lack of specificity limits their value as
precise diagnostic biomarkers for CDV.

Given the overlapping inflammatory responses across
neurological disorders, future research should investigate
additional biomarkers, such as other cytokines or genetic
markers with higher specificity and sensitivity. Identify-
ing more reliable indicators will improve diagnostic accu-
racy, guide clinical management, and ultimately enhance
outcomes for dogs affected by CDV.

Acknowledgements
The authors gratefully thank the research council of the Ferdowsi University of
Mashhad for the financial support of this study.

Author contributions

Marjan Mahmoodabadi (a), Hadi Mohebalian(b), Ali Asghar Sarchahi(c)a.
The First Author has drafted the work, data collection, and data analysis.b.
design of the work, interpretation of data, supervisor, revising manuscript.c.
Methodology, developed hypothesis, advisor, revising manuscript.

Funding
This project was supported by Ferdowsi University of Mashhad under the
Grant No. FUM.50022.



Mahmoodabadi et al. BMC Veterinary Research (2025) 21:340

Data availability
Data is provided within the manuscript.

Declarations

Declarations

This study was discussed and approved by the Department of Pathobiology,
Faculty of Veterinary Medicine, Ferdowsi University of Mashhad, Iran. The
authors confirm that the ethical policies of the journal, as noted on the
journal's author guidelines page, have been adhered to. All animal procedures
were approved by the institutional Animal care and use Committee at
Ferdowsi University of Mashhad and followed international animal care and
welfare guidelines.

Ethics approval and consent to participate

All animal procedures were conducted in accordance with the guidelines
established by the Animal Care and Use Committee at Ferdowsi University
of Mashhad, adhering to international standards for animal care and welfare
(Approval ID: IR.UM.REC.1399.120). Prior to commencing any work, informed
written consent was obtained from the owners of the dogs involved in the
study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Clinical trial number
Not applicable.

Received: 17 September 2024 / Accepted: 28 April 2025
Published online: 13 May 2025

References

1. Sykes JE. Greene's Infectious Diseases of the Dog and Cat, Fifth Edition.
Greene’s Infectious Diseases of the Dog and Cat, Fifth Edition. 2022.

2. Cerruti-Sola S, Kristensen F, Vandevelde M, Bichsel P, Kihm U. Lymphocyte
responsiveness to lectin and Myelin antigens in canine distemper infection
in relation to the development of demyelinating lesions. J Neuroimmunol.
1983,4(2):77-90.

3. Beineke A, Puff C, Seehusen F, Baumgartner W. Pathogenesis and immunopa-
thology of systemic and nervous canine distemper. Vet Immunol Immuno-
pathol. 2009;127(1-2):1-18.

4. Orvell C. Structural polypeptides of canine distemper virus. Arch Virol.
1980;66(3):193-206.

5. Lamb RA, Kolakofsky D. Paramyxoviridae: the viruses and their replication.
Fields Virology. 1996;5.

6.  Saltik HS, Atli K. Approaches to identify canine distemper virus with neuro-
logical symptoms on the basis of molecular characterization of hemaggluti-
nin and fusion genes. Virus Genes. 2023;59(4):591-603.

7. SekiF, Ono N, Yamaguchi R, Yanagi Y. Efficient isolation of wild strains of
canine distemper virus in Vero cells expressing canine SLAM (CD150) and
their adaptability to marmoset B95a cells. J Virol. 2003;77(18):9943-50.

8. ZhaoJ,RenY, Chen J, Zheng J, Sun D. Viral pathogenesis, Recombinant vac-
cines, and oncolytic virotherapy: applications of the canine distemper virus
reverse genetics system. Viruses. 2020;12(3):339.

9. Vandevelde M, Zurbriggen A. The neurobiology of canine distemper virus
infection. Vet Microbiol. 1995;44(2-4):271-80.

10.  Vandevelde M, Zurbriggen A. Demyelination in canine distemper virus infec-
tion: A review. Acta Neuropathol. 2005;109:56-68.

11. Giulia D, FrancescaV, Sandra S, Alessandra S, Gualtiero G, Luciana G, et al. A
molecular study of hippocampus in dogs with convulsion during canine
distemper virus encephalitis. Brain Res. 2006;1098(1):186-95.

12. Palm NW, Medzhitov R. Pattern recognition receptors and control of adaptive
immunity. Immunol Rev. 2009,227(1):221-33.

13.  Saltik HS, Kale M. Evaluation of infection with N protein-specific Immuno-
globulin M'and G in naturally occurring distemper in dogs. Vet Med (Praha).
2020,65(4):168-73.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.
34.

35.

4,

Page 9 of 10

De Nardo TFS, Bertolo PHL, Bernardes PA, Munari DP, Machado GF, Jardim LS
et al. Contribution of astrocytes and macrophage migration inhibitory factor
to immune-mediated canine encephalitis caused by the distemper virus. Vet
Immunol Immunopathol. 2020;221.

Bencsik A, Malcus C, Akaoka H, Giraudon P, Belin MF, Bernard A. Selective
induction of cytokines in mouse brain infected with canine distemper virus:
structural, cellular and Temporal expression. J Neuroimmunol. 1996,65(1):1-9.
Grone A, Frisk AL, Baumgartner W. Cytokine mRNA expression in whole
blood samples from dogs with natural canine distemper virus infection. Vet
Immunol Immunopathol. 1998;65(1):11-27.

Tsai SC, Summers BA, Appel MJG. Interferon in cerebrospinal fluid - A marker
for viral persistence in canine distemper encephalomyelitis. Arch Virol.
1982;72(4):257-65.

Gré;ne A, Fonfara S, Baumgartner W. Cell type-dependent cytokine expres-
sion after canine distemper virus infection. Viral Immunol. 2002;15(3).

Grone A, Alldinger S, Baumgartner W. Interleukin-16, -6, -12 and tumor
necrosis factor-a expression in brains of dogs with canine distemper virus
infection. J Neuroimmunol. 2000;110(1-2):20-30.

Frisk AL, Baumgartner W, Grone A. Dominating interleukin-10 mRNA
expression induction in cerebrospinal fluid cells of dogs with natural canine
distemper virus induced demyelinating and non-demyelinating CNS lesions.
J Neuroimmunol. 1999;97(1-2):102-9.

Dik I, Hatipoglu D, Gulersoy E. Comparison of some cytokines, acute phase
proteins and citrulline levels in healthy and canine distemper infected dogs. J
Vet Med Sci. 2023;85(1):76-82.

Sarchahi AA, Arbabi M, Mohebalian H. Detection of canine distemper virus
in cerebrospinal fluid, whole blood and mucosal specimens of dogs with
distemper using RT-PCR and immunochromatographic assays. Vet Med Sci.
2022;8(4):1390-9.

Saito TB, Alfieri AA, Wosiacki SR, Negréo FJ, Morais HSA, Alfieri AF. Detection
of canine distemper virus by reverse transcriptase-polymerase chain reaction
in the urine of dogs with clinical signs of distemper encephalitis. Res Vet Sci.
2006;80(1):116-9.

Schwartz M, Kipnis J. Protective autoimmunity: regulation and prospects

for vaccination after brain and spinal cord injuries. Trends Mol Med.
2001,7(6):252-8.

Hopkins SJ, Rothwell NJ. Cytokines and the nervous system I: expression and
recognition. Trends Neurosci. 1995;18(2):83-8.

Spitzbarth I, Baumgartner W, Beineke A. The role of pro- and anti-inflamma-
tory cytokines in the pathogenesis of spontaneous canine CNS diseases. Vet
Immunol Immunopathol. 2012;147(1-2):6-24.

Frisk AL, Konig M, Moritz A, Baumgartner W. Detection of canine distemper
virus nucleoprotein RNA by reverse transcription-PCR using serum, whole
blood, and cerebrospinal fluid from dogs with distemper. J Clin Microbiol.
1999;37(11):3634-43.

Steigerwald-Mullen P, Kurilla MG, Braciale TJ. Type 2 cytokines predominate
in the human CD4 +T-Lymphocyte response to Epstein-Barr virus nuclear
antigen 1. J Virol. 2000;74(15):6748-59.

Bukreyev A, Whitehead SS, Prussin C, Murphy BR, Collins PL. Effect of
coexpression of Interleukin-2 by Recombinant respiratory syncytial virus on
virus replication, immunogenicity, and production of other cytokines. J Virol.
2000;74(15):7151-7.

Markus S, Failing K, Baumgartner W. Increased expression of pro-inflamma-
tory cytokines and lack of up-regulation of anti-inflammatory cytokines in
early distemper CNS lesions. J Neuroimmunol. 2002;125(1-2):30-41.
Martin-Vaquero P, da Costa RC, Moore SA, Gross AC, Eubank TD. Cytokine
concentrations in the cerebrospinal fluid of great Danes with cervical spon-
dylomyelopathy. J Vet Intern Med. 2014;28(4):1268-74.

Khuth ST, Akaoka H, Pagenstecher A, Verlaeten O, Belin MF, Giraudon P, et

al. Morbillivirus infection of the mouse central nervous system induces
Region-Specific upregulation of MMPs and timps correlated to inflammatory
cytokine expression. J Virol. 2001;75(17):8268-82.

Dinarello CA. Proinflammatory cytokines. Chest. 2000;118(2):503-8.
Kiecolt-Glaser JK, Preacher KJ, MacCallum RC, Atkinson C, Malarkey WB, Glaser
R. Chronic stress and age-related increases in the Proinflammatory cytokine
IL-6. Proc Natl Acad Sci U S A. 2003;100(15):9090-5.

Seibel H, Siebert U, Rosenberger T, Baumgartner W. Variable transcrip-

tion of pro- and anti-inflammatory cytokines in Phocine lymphocytes
following canine distemper virus infection. Vet Immunol Immunopathol.
2014;161(3-4):170-83.



Mahmoodabadi et al. BMC Veterinary Research

36.

37.

38.

39.

(2025) 21:340

MerblY, Sommer A, Chai O, Aroch |, Zimmerman G, Friedman A, et al. Tumor
necrosis Factor-a and Interleukin-6 concentrations in cerebrospinal fluid of
dogs after seizures. J Vet Intern Med. 2014,28(6):1775-81.

Song K, Wu ZM, Peng LY, Yuan M, Huang JN, Zhang CL, et al. Canine dis-
temper virus increased the differentiation of CD4 +CD8+T cells and mRNA
expression of inflammatory cytokines in peripheral blood lymphocyte from
canine. Microb Pathog. 2019;131:254-8.

Beineke A, Markus S, Borlak J, Thum T, Baumgartner W. Increase of pro-inflam-
matory cytokine expression in non-demyelinating early cerebral lesions in
nervous canine distemper. Viral Immunol. 2008;21(4):401-10.

Saltik HS, Kale M. Rapid molecular detection and isolation of canine distem-
per virus in naturally infected dogs. Ankara Universitesi Veteriner Fakultesi
Dergisi. 2023,70(1):49-56.

Page 10 of 10

Meri¢ Kocatiirk A, Dogukan Oz A, Mufioz. Juan Diego Martinez, Jose Joaquin
Ceron, Zeki Yilmaz. Changes in immune-inflammatory and antioxidant
biomarkers in serum and cerebrospinal fluid of dogs with distemper. Microb
Pathog. 2025; 198.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The status of pro-inflammatory cytokines TNF-α and IL-6 in the cerebrospinal fluid of dogs with nervous distemper
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design and subject
	﻿RT-PCR
	﻿Measurement of IL-6 and TNF-α in CSF samples
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


