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Abstract: This study investigated the effects of ribavirin, proanthocyanidin, and ribavirin-
proanthocyanidin in dogs naturally infected with canine distemper virus (CDV). Five groups
were created, each with six dogs aged 2-6 months: one healthy control group and four patient
groups. For ten days, the A group received classical treatment (CT) [fluid treatment and
antibiotic], the A+R group received CT + ribavirin, the A+P group received CT +
proanthocyanidin, A+R+P group received CT + ribavirin-proanthocyanidin. On days TO, T3,
T7, and T10, hematological, biochemical, and clinical scores were done. These days and the
fifth and tenth post-treatment days were also screened for CDV. Clinical improvement was best
in the A+P, A+R, A, and A+R+P groups, respectively. The A+R group had fewer leucocytes,
neutrophils, and monocytes (P<0.05). CK and CK-MB activity were significantly higher only in
the A group (P<0.01), and decreased only in the A+R group as therapy progressed. Creatinine
values were high in A+P and A+R groups (P<0.01). The lowest calcium value was in the A+R
group (P<0.01). The least CDV presence was detected in the A+R group regarding viral
shedding. As a result, using ribavirin or proanthocyanidin helped to lessen the severity of
clinical findings, increase survival, and reduce viral shedding in dogs with CDV.

Kanin Distemperde Ribavirin ve Proantosiyanidin'in Klinik Bulgular, Hematolojik ve
Biyokimyasal Parametreler ve Viral Sacilim Uzerine Etkilerinin Degerlendirilmesi

Anahtar Kelimeler
Antiviral ajanlar,
Canine distemper
virus,
Proantosiyanidinler,
Ribavirin

Oz: Bu ¢alisma, canine distemper virus (CDV) ile dogal olarak enfekte olan kopeklerde
ribavirin, proantosiyanidin ve ribavirin-proantosiyanidin kombinasyonunun etkilerini aragtird.
Her biri 2-6 aylik yasta alt1 kopekten olusan bir saglikli kontrol ve dort hasta grubu olmak {izere
bes grup olusturuldu. On giin boyunca A grubuna klasik tedavi (KT) [sivi tedavisi ve
antibiyotik], A+R grubuna KT + ribavirin, A+P grubuna KT + proantosiyanidin, A+R+P
grubuna KT + ribavirin-proantosiyanidin uygulandi. TO, T3, T7 ve T10 giinlerinde hematolojik
ve biyokimyasal analizler ve klinik skorlama yapildi. Bu giinlerde ve tedaviden sonraki 5. ve 10.
giinlerde CDV varligina bakildi. Klinik skorlama A+P, A+R, A ve A+R+P gruplarinin sirasiyla
en iyi klinik iyilesmeyi gosterdigini ortaya koydu. A+R grubunda toplam l6kosit, notrofil ve
monositlerde diigiis gozlendi (P<0.05). Kreatin kinaz ve kreatin kinaz-myokardiyal band
aktivitesi sadece A grubunda anlamli olarak yiiksek bulunurken (P<0.01), bu degerler sadece
A+R grubunda tedavi ilerledik¢e azaldi. Kreatinin degerleri A+P ve A+R gruplarinda yiiksekti
(P<0.01). En diisiik kalsiyum degeri A+R grubundaydi (P<0.01). Viral sa¢ilim acisindan en az
CDV varligit A+R grubunda tespit edildi. Sonug¢ olarak, CDV'li kopeklerde ribavirin veya
proantosiyanidin kullanimi, klinik bulgularin ciddiyetini azaltmaya, hayatta kalma oranini
artirmaya ve viral sa¢ilimi azaltmaya yardimer oldu.

1. INTRODUCTION

agent is the canine distemper virus (CDV) which belongs
to the genus morbillivirus from the Paramyxoviridae

Canine distemper (CD) is a worldwide, multisystemic, family [1,2]. CDV is an enveloped virus with a single-
and potentially fatal viral disease of dogs. The causative stranded, linear, negative-sense RNA genome [3].
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Canine distemper is mostly transmitted via oronasal
aerosols [4]. Viral shedding starts up to 5 days after the
infection forms -before the clinical signs appear- with all
excreta and secretions [5,6]. The duration of viral
shedding might range from 1-2 weeks to 4 months [5,7].
Dogs of all ages are susceptible to the disease, but dogs
aged 3-6 months are more vulnerable [7,8]. While most
dogs develop a subclinical infection, only a few develop
a rapidly progressive infection followed by death [5].
The clinical manifestations of CD are mainly related to
the respiratory, gastrointestinal, and central nervous
systems. During the acute infection, various clinical
findings such as cutaneous rash, oculonasal discharge,
conjunctivitis, anorexia, secondary bacterial infections,
and neurological disorders occur [9]. Typical
hematological findings are anemia, thrombocytopenia,
absolute lymphopenia, neutropenia, and monocytopenia,
especially in dogs with acute CDV infection [10]. Early
cases are characterized by lymphopenia while late cases
are by lymphocytosis [11]. Serum biochemical changes
are usually nonspecific [12]. Hypoalbuminemia,
hyperglobulinemia [13], or hypocalcaemia [13,14] have
been reported. Some dogs may experience slight
elevations in liver enzyme activity due to hypoxia or
secondary infections caused by intestinal bacteria
translocation [5].

Most treatments are ineffective; however, they should
contain broad-spectrum antibiotics, balanced electrolyte
solutions, and corticosteroids in some neurological form
[4]. The clinical use of antiviral drugs in veterinary
medicine is not common, and the number of controlled
studies on the efficacy of these drugs is limited [15].
Ribavirin is an antiviral with a broad spectrum of
activity against many RNA and DNA viruses, both in-
vitro and in-vivo. The only commercially available and
used compound with known antiviral activity against
various members of the Paramyxoviridae family is
ribavirin [16-18]. Ribavirin has been used in-vitro to
treat CD and is reported to be very effective in inhibiting
CDV replication [19]. Proanthocyanidin, a dimeric
procyanidin  obtained from the condensation of
monomeric flavanols [20,21] possesses antioxidant,
antibacterial, and antiviral activities [22-25] as well as
immunomodulatory properties [26]. Proanthocyanidin
has been found to inhibit CDV in vitro both at the early
and late stages of viral replication [27].

To our knowledge, ribavirin and proanthocyanidin have
not been used in clinical studies to treat dogs naturally
infected with CDV. Therefore, this study aimed to
evaluate how the therapeutic use of these medications
affects clinical outcomes, hematological and biochemical
parameters, and viral shedding. It was hypothesized that
ribavirin would reduce viral shedding and increase
survival rates. Likewise, it was assumed that
proanthocyanidin would show similar effects thanks to
its multiple properties.

2. MATERIAL AND METHOD

This study was approved by the Atatiirk University
Animal Experiments Local Ethics Committee (Decision
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number 2017/62), and for each dog, written informed
consent was obtained from the owner.

2.1. Animals and Protocol Design

The study included 30 dogs, 2-6 months old, of any
breed and sex (Table 1). Based on clinical examination,
rapid test kit (Anigen Rapid CDV Ag Test Kit, Bionote,
Korea) and PCR analysis results, complete blood cell
count, and treatment applied, the dogs were divided into
five groups A (n=6), A+R (n=6), A+P (n=6), A+R+P
(n=6) and healthy (n=6). Dogs showing neurological
signs before and at the beginning of treatment and
previously vaccinated against CDV were excluded from
the groups. All dogs received single subcutaneous
ivermectin (0.2 mg/kg; Alfamec® 1%, Ege Vet) and a
tablet comprising fenbendazole, pyrantel pamoate, and
praziquantel (1 tablet/10 kg; Caniverm® 700 mg,
Intermed) was given orally. The day after this procedure
was regarded as the pre-treatment (T0). Dogs in the A
group received the classical treatment [intravenous fluid
therapy and antibiotic (7 mg/kg amoxicillin + 1.75
mg/kg clavulanic acid, once a day, subcutaneously) [28],
(Synulox®, Zoetis, USA)] for ten days. In addition to the
classical treatment, dogs in the A+R group received 30
mg/kg [29] ribavirin tablet (Copegus®, Roche, ABD),
and dogs in the A+P group received 10 mg/kg [30]
proanthocyanidin film tablet (Proanthocyanidin®, GNC,
ABD), and dogs in the A+R+P group received 30 mg/kg
ribavirin and 10 mg/kg proanthocyanidin for ten days. A
detailed clinical examination was performed on each dog
before and during treatment. The scoring system
developed by Gill et al. [31] was modified, and a scoring
table was created by grading rectal temperature, general
condition, appetite, dehydration, vomiting, diarrhea,
cough, ocular discharge, nasal discharge, dental
problems, skin problems, neurological findings and
death (Table 2).

2.2. Blood Sampling

Blood samples were taken from CDV-positive dogs on
days 0 (TQ), 3 (T3), 7 (T7), and 10 (T10) of treatment,
whereas healthy dogs only had blood samples taken
once. The vena cephalica antebrachia of all dogs was
punctured, and blood samples were collected into EDTA
vacutainers (Vacutainer, K2E 3.6 mg, BD, UK) and
plain tubes (Vacutainer, BD, UK) for hematological and
biochemical analyses. After leaving for ten minutes at
room temperature for clotting, sera were obtained by
centrifugation (Beckman Coulter, Allegra® X-30R,
USA) at 3000 rpm for 10 minutes and stored at -80°C
until being analysed. Hematological analyses were
performed immediately.

2.3. Hematological Analyses

White blood cell (WBC), lymphocyte (LYM), monocyte
(MON), neutrophil (NEU), eosinophil (EOS), basophil
(BAS), red blood cell (RBC), and hemoglobin (HGB)
counts, haematocrit (HCT), and platelet (PLT) levels
were determined by a hematology analyser (Abacus
Junior Vet5, Hungary).
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Table 1. Breed, age and sex of dogs in groups.

Tr. J. Nature Sci. Volume 12, Issue 1, Page 125-135, 2023

Animal No Control A A+R A+P A+R+P
1 Mix, 2 mo, m Kangal Mix, 2 mo, f BC, 3 mo, male Kangal, 2 mo, f Mix, 3 mo, m
Mix, 5 mo, f Mix, 4 mo, f Terrier Mix, 6 mo, f Mix, 3 mo, f Mix, 4 mo, f
3 Mix, 2 mo, f Kangal Mix, 2 mo, m Kangal Mix, 4 mo, f Mix, 2 mo, f Mix, 5 mo, f
4 Mix, 4 mo, m Mix, 2.5 mo, m Mix, 2 mo, m Mix, 4 mo, m Mix, 2 mo, f
5 Mix, 2 mo, f Mix, 2.5 mo, f Mix, 4 mo, m Mix, 5 mo, m Mix, 3 mo, m
6 Kangal, 4 mo, f Mix, 5 mo, f Kangal Mix, 4.5 mo, f Mix, 6 mo, m Russian Poodle, 5.5 mo, m
m: male; f: female; mo: month; BC: Border Collie
Table 2. Scoring system for clinical signs of canine distemper.
Signs Score Signs Score Signs Score Signs Score Signs Score Signs Score Signs Score
Value Value Value Value Value Value Value
Rectal Nasal Ocular General Appetite Dehydration Skin
temperature discharge discharge condition problems
37.1-39.3°C 0 No 0 No 0 Very good 0 Very good 0 No 0 No 0
39.4-39.9°C 1 Serous 1 Mild 1 Good 1 Good 1 Mild 1 Paw pad 3
hyp
40.0-40.5°C 2 Seromucous 1 Moderate 2 Bad 2 Bad 2 Moderate 2 Nasal hyp 3
>40.5°C 3 Mucous 2 Severe 3 Very bad 3 Very bad 3 Severe 3 ST-pustule 1
<37.0°C 3 Mucopurulent 3
Signs Score Signs Score Signs Score Signs Score Signs Score Signs Score
Value Value Value Value Value Value
Cough Fecal Vomiting Neurologic Dental Death
consistency findings problems
No 0 Normal 0 No 0 No 0 No 0 No 0
Present 2 Watery 1 Present 1 Present 3 Eand D 3 Present 20
hypoplasia
Provoked 1 Bloody 3
cough
ST: skin thickening; E: enamel; D: dentin; Hyp: hyperkeratosis
2.4. Biochemical Analyses process was carried out using the GF-1 Viral Nucleic
Acid Extraction kit (Cat: GF-RD-100, Vivantis,
Alanine aminotransferase (ALT), aspartate Malaysia) according to the manufacturer’s protocol. The

aminotransferase (AST), gamma-glutamyl transferase
(GGT), alkaline phosphatase (ALP), creatinine (CREA),
blood urea nitrogen (BUN), creatinine kinase (CK),
creatinine kinase-MB (CK-MB), total protein (TP),
albumin (ALB), amylase (AMY), cholesterol (CHOL),
triglyceride (TRIG), glucose, phosphorus (P), calcium
(Ca) and magnesium (Mg) concentrations in serum
samples were determined by commercial kits using a
biochemistry autoanalyzer (Mindray BS-300 Chemistry
Analyser, China).

25. Reverse Transcriptase Polymerase Chain
Reaction (RT-PCR) Assay

2.5.1. Preparation of samples

Leukocyte samples and mucosal swab samples

(combination of conjunctiva and nose) from dogs were
used to test for CDV on days TO, T7, and T10, as well as
on days 5 (PT5) and 10 (PT10) post-treatment. Mucosal
swab samples were vortexed in 1 mL of phosphate-
buffered saline (PBS) and centrifuged at 3000 rpm for 5
min. After centrifugation, 200 pl of supernatant was kept
at -20 °C until extraction. Blood samples collected in
EDTA vacutainers were centrifuged at 2000 rpm for 10
minutes. The buffy coat layer was placed in a tube
containing 200 pl of isotonic PBS. Collected leukocytes
were kept at -20° C until extraction.

2.5.2. Extraction
The samples were removed from -20 °C and dissolved at

room temperature. After dissolution, 200 pl of each
sample was taken into a new tube, and the extraction

samples were stored at -20°C until cDNA synthesis after
extraction.

2.5.3. RT reaction (Complementary DNA synthesis,
cDNA)

A reverse transcriptase enzyme was used to convert
possible RNA to DNA after extraction. This process was
carried out with the RevertAid First Strand cDNA
Synthesis Kit (Cat. No. K1621, Thermo Fisher
Scientific, Germany) according to the method prescribed
by the company. The resulting cDNAs were stored at -20
°C until the PCR process.

2.5.4. PCR analyses

PCR reaction was conducted to obtain the relevant
product of the hemagglutinin gene region of
Paramyxovirus, using the primer and method reported by
Trebbien et al. [32]. Positive PCR amplicons were
separated on a 1.5% agarose gel by gel electrophoresis,
and displayed under UV light (Figure 1).

654 bpmp

Figure 1. Gel image of PCR products made with the primers
Zhao2010fwd and Bolt1997rev in the study of Trebbien et al. [32] with
a product size of 654 bp. M: Marker (100 bp DNA Ladder), PC:
Positive Control, NC: Negative Control, Study examples 1-3 (strong
positive samples) and 4-7 (Weak positive samples).
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2.6. Statistical Analysis

Statistical analysis was performed using IBM SPSS
Statistics 25.0 (SPSS Inc., Chicago, IL, USA). The
Shapiro-Wilk test was used to assess the distribution of
data between groups, and it was determined that the data
had a normal distribution. As a result, the One-way
ANOVA was used to assess the data statistically. The
statistical analysis evaluated treatments (A, A+R, A+P,
A+R+P, and control groups) and sampling days (TO, T3,
T7, and PT10) as primary effects, and the main effects
were analysed independently. First, comparisons were
done across treatment groups and then between data
from the TO, T3, T7, and T10 sampling days within the
same group. When the F-test for the main effect was
significant, Duncan's Multiple Comparison Test was
used to compare the means of the subclasses. All results
were presented as the mean + standard deviation (SD). A
significance level of P< 0.05 was used for all statistical
comparisons.

3. RESULTS
3.1. Clinical Status of the Dogs

A runny nose was observed in 19 of 24 dogs with CDV
at TO. Ocular discharge and eye crust (16/24), high fever
(14/24), cough, diarrhea, dehydration (12/24), skin
problems (9/24), death (9/24), poor overall condition
(4/24), vomiting, lack of appetite (2/24) and dental
problems (2/24) were other clinical findings in dogs.
According to clinical scores, the groups were the A+R+P
group (349), A group (244), A+R group (188), and A+P
group (182), in that order (Table 3). The difference
between T10 and TO was most pronounced in the
A+R+P group, followed by the A group. The increase in
the A+R and A+P groups was close to each other.

Table 3. Clinical score values of the treatment days of the groups.

Groups TO T3 T7 T10 Total
A 41 37 72 94 244
A+R 51 27 48 62 188
A+P 45 37 44 56 182
A+R+P 63 68 100 118 349

Following the initiation of the therapy, the general health
of the dogs in the A+R+P group gradually declined.
They also experienced a loss of appetite, bloody feces,
severe dehydration, and mucopurulent nasal discharge.
Dogs in group A had no improvement in cough despite
treatment, nasal discharge, which was mostly serous at
first, later turned into a mucopurulent consistency, and
their general condition mostly deteriorated. In most dogs
in the A+R group, prominent clinical findings at TO were
diarrhea and goopy eye discharge, and these problems
mostly disappeared with treatment. Nasal discharge was
a common clinical finding at TO in all dogs in the A+P
group. Even though the runny nose persisted throughout
the treatment, the dogs' overall health improved
significantly.

At T10, all dogs' body weights were generally reduced
compared to TO (Figure 2). In turn, the A+R and A+R+P
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groups had the most significant weight loss. The average
body weight reduction was lowest in the A+P and A
groups, respectively, and these groups often remained at
their TO weight.

During the 10-day treatment period, six out of six dogs
(100%) in the A+P group, four out of six (46.6%) in the
A and A+R groups, and two out of six (33.3%) in the
A+R+P group survived.

Body Weight (kg)

SAMPLING DAYS

Figure 2. Mean body weight changes of the groups
3.2. Hematological Findings

In the A+R and A+R+P groups, WBC, LYM, NEU, and
MON levels dropped as treatment progressed. However,
it was found that in the A and A+P groups, these values
increased as the treatment progressed. As the treatment
progressed, a statistically significant decrease was
detected in the levels of WBC, NEU (P<0.05) and MON
(P<0.01) only in the A+R group. All patient groups had
lower LYM counts than the control group on all
treatment days.

All patient groups’ RBC, HGB, and HCT values
decreased statistically insignificantly during the
treatment. The erythrocyte parameters of the A+R and
A+R+P groups were generally higher than those in the
A, A+P, and control groups. While PLT values increased
gradually for group A, they decreased in other patient
groups. Only the PLT values of the A group at T10 were
the highest of all the groups (P<0.05). The statistically
insignificant lowest PLT value in T10 was found in the
A+R group (Table 4).

3.3. Biochemical Findings

During treatment, groups A and A+R+P had the highest
ALT values (P<0.05), but ALT values decreased as
treatment progressed. The A+R and A+P groups had
very similar ALT values to the control group on all
treatment days. Only in group A, the ALP value
increased as the treatment days progressed (P<0.05). The
group with the lowest ALP values was determined as the
A+R group (P<0.05). The AST values of the A and
A+R+P groups were higher than the control group and
increased as the treatment progressed. AST values of the
A+R group decreased. CK and CK-MB values of all
patient groups were higher than the control group. Only
in the A+R group did CK and CK-MB values decline
with time and get close to the control group levels. The
highest CK and CK-MB values were found in group A
(P<0.01). The CREA levels of the A and A+R+P groups
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were similar to those of the control group on all
treatment days, but the CREA values were the highest in
the A+P and A+R groups, respectively (P<0.01). As
treatment progressed, CREA values increased only in the
A+R group. CHOL values showed insignificant
increases in all groups, but the groups with the least
increase were A+R+P and A+P groups, respectively.
Glucose values of all groups were found to be lower than
the control group on all treatment days. While AMY
values increased gradually in the A group, they first
increased and then decreased in the other groups.
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PT10. In PCR analysis performed at TO, CDV was
detected in mucosal swap samples but not in leukocyte
samples in 6 of 24 dogs with CDV. On the other hand,
CDV was found at T7 in the leukocyte samples of these
six dogs. In four dogs in group A and two in the other
groups, the viral load increased in leukocytes and
mucosal swap samples in T7 and T10 compared to TO.
When the PCR results of the groups were examined, the
presence of CDV initially disappeared in the mucosal
swap samples and then in the leukocyte samples. Among
the treatment groups, the A+R and A+P groups were the

best at reducing or stopping viral shedding, respectively.
Table 4. Clinical score values of the treatment days of the groups.

Groups

Parameters Day A A+R A+P A+R+P Control P

WBC 0 10.56+3.31 13.24+5.107 13.82+13.81 24.94420.49 11.52+3.07 >0.05

(x103 uL) 3 12.8948.53 8.26+2.838 11.67+5.99 18.33+7.96 11.5243.07 >0.05
7 18.19+11.37 5.89+2.648 16.06+8.49 12.62+7.43 11.5243.07 >0.05
10 17.9149.91 7.63£2.418 17.87+9.45 12.90+17.44* 11.5243.07 >0.05
P >0.05 <0.05 >0.05 >0.05 >0.05

LYM 0 1.14+0.39 0.99:0.68 0.91+0.35 2.74+4.60 3.18+1.91 >0.05

(x10%pL) 3 1.51+0.62 1.09+0.83 0.98+0.37 2224228 3.18+1.91 >0.05
7 2.5442.82% 0.80+0.55° 0.85+0.35° 0.76+0.45° 3.18+1.912 <0.05
10 2.8942.60 1.10+0.75 1.57£1.10 0.045+0.049* 3.18+1.91 >0.05
P >0.05 >0.05 >0.05 >0.05 >0.05

NEU 0 8.65+3.12 11.16+4.69* 11.93+12.83 19.28+14.72 7.53+1.60 >0.05

(x10%pL) 3 10.46+7.57 6.42+2.638 9.9245.64 14.22+7.82 7.53+1.60 >0.05
7 14.70+9.19? 4.47+2.598 14.04+8.232 10.62+6.41% 7.53+1.60%° <0.05
10 13.93+7.48% 5.52+1.528 15.20+8.22% 11.89+16.24* 7.53+1.60%° <0.05
P >0.05 <0.05 >0.05 >0.05 >0.05

RBC 0 4.69+0.58° 5.18+0.76° 5.46+0.86" 6.44+0.782 4.88+0.40° <0.01

(x108puL) 3 4.61+0.47° 5.34+0.86% 5.07+0.75° 5.98+0.30? 4.88+0.40° <0.01
7 4.55+0.56 5.11+0.96 4.81+1.00 5.78+0.58 4.88+0.40 >0.05
10 4.26+0.55 5.00£1.62 4.30+0.77 5.41+0.48* 4.88+0.40 >0.05
P >0.05 >0.05 >0.05 >0.05 >0.05

HGB 0 8.38+1.38° 10.03+1.60° 9.78+1.68" 12.56+2.392 9.21+1.17° <0.01

(g/dL) 3 7.88+0.98¢ 10.3142.13% 9.15+1.74% 11.73£1.42°2 9.21%1.17% <0.01
7 7.66+1.10° 9.65+2.31% 8.71+1.93° 11.05£1.072 9.21+1.17%® <0.05
10 7.38£1.30 9.02+3.14 7.50£1.32 10.70+0.70%* 9.21+1.17 >0.05
p >0.05 >0.05 >0.05 >0.05 >0.05

HCT 0 28.86+4.88° 35.57+6.07%® 34.72+6.49 2 41.09+6.522 33.29+5.19° <0.05

(%) 3 27.56+4.08 " 35.89+6.182 31.65+6.16% 38.12+3.97° 33.29+5.19 <0.05
7 26.79+4.73 34.39+7.55 29.71+7.38 36.51+3.81 33.29+5.19 >0.05
10 24.89+4.24 33.11£12.45 26.62+5.77 34.96+4.04* 33.29+5.19 >0.05
p >0.05 >0.05 >0.05 >0.05 >0.05

PLT 0 4244268 389+53 456+190 401+132 376+151 >0.05

(x103 uL) 3 4444261 4444118 3174209 4154244 376+151 >0.05
7 484+143 343+164 252+172 268+205 376+151 >0.05
10 67542342 294+219" 379+212° 321£181% 376+151" <0.05
p >0.05 >0.05 >0.05 >0.05 >0.05

WBC: white blood cell; LYM: lymphocyte; NEU: neutrophil, RBC: red blood cell; HGB: haemoglobin; HCT: haematocrit; PLT:
platelet. B The means shown in different capital letters within the group (in the column) are statistically significant. ° The means
shown in different lowercase letters between the groups (on the line) are statistically significant. *The group A+R+P data from the 10th
day were not statistically analysed because 2 dogs were still alive as a result of death in group A+R+P. Data are presented as the mean
+ standard deviation

The CDV rapid test kit results were 100% accurate
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The highest AMY values were in the A+R+P group and
this elevation was significant compared to the A and
control groups (P<0.05). ALB values were low in all
patient groups, but the low ALB values of the A+R and
A+P groups at TO and T10 were significant (P<0.05). P,
Ca, and Mg values decreased numerically in the patient
groups, but the A+R group's Ca value was lower on all
treatment days compared to the control and A groups
(P<0.01) (Table 5).

3.4. Virological Findings

Table 6 displays the PCR results for samples of mucosal
swabs and leukocytes collected at TO, T7, T10, PT5, and

compared to the PCR results.
4. DISCUSSION

The results of this study revealed that ribavirin or
proanthocyanidin may have positive effects on clinical
outcomes, survival rate, viral shedding, and
hematological and biochemical parameters in dogs
naturally infected with CDV, consistent with the
hypothesis.

In this study, 24 CDV-infected dogs exhibited various
clinical symptoms in line with previous studies [33,34].
Ertiirk [35] found that using antivirals like interferon,
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Table 5. Comparison of biochemical parameters of the groups.
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Groups

Parameters Day A A+R A+P A+R+P Control P

ALT 0 39.00+30.172 15.504+8.36° 16.17+7.67° 31.3346.18 % 15.834+8.97° <0.05

(U/L) 3 27.83+£12.27% 14.67+14.25"° 14.00£6.95° 29.50+4.272 15.83+8.97" <0.05
7 26.33£9.97%® 16.00+8.92° 17.17+7.88" 28.50+6.31°2 15.83+8.97" <0.05
10 28.60+8.982 17.75+5.96° 15.50+4.50° 34.00+8.48* 15.8348.97" <0.05
P >0.05 >0.05 >0.05 >0.05 >0.05

ALP 0 15342782 88+52° 160+£532 131£50% 1584332 <0.05

(U/IL) 3 1474268 106+56 174432 158471 158433 >0.05
7 1712348 10966 155+41 148462 158+33 >0.05
10 19242742 77+83° 149+402 127£141* 1584332 <0.05
P <0.05 >0.05 >0.05 >0.05 >0.05

CK 0 3324117 311£166 3434237 4024274 18315 >0.05

(U/IL) 3 466+1842 341£122% 314+74% 212460 % 183£15°¢ <0.01
7 443+187 239+73 270+104 5244565 18315 >0.05
10 461+1772 183+56° 43542232 730+£371* 183£15° <0.01
P >0.05 >0.05 >0.05 >0.05 >0.05

CK-MB 0 81431 1294118 75+54 88+69 54413 >0.05

(U/IL) 3 1104502 80+£34 2 62423" 45+11° 54+£13° <0.01
7 10648 57+15 57430 104+116 54+13 >0.05
10 113446 53425 94+55 137+£50%* 54+13 >0.05
P >0.05 >0.05 >0.05 >0.05 >0.05

CREA 0 0.67+0.17° 1.44+1.49° 2.71£1.112 0.63+0.14° 0.62+0.15° <0.01

(mgydl) 3 0.61£0.07°¢ 1.96+1.37° 3.40+0.84°2 0.69+0.16° 0.62+0.15°¢ <0.01
7 0.6440.15°¢ 1.67+£1.56° 3.02+0.60° 0.4440.22°¢ 0.6240.15°¢ <0.01
10 0.55+0.14° 2.2742.012 2.554+0.962 0.58+0.17* 0.62+0.15" <0.01
P >0.05 >0.05 >0.05 >0.05 >0.05

CHOL 0 3094822 124+35° 182+52° 3364292 3194432 <0.01

(mgydl) 3 318+772 181+49° 188+31° 346+64° 3194432 <0.01
7 3884842 175+41° 206+69° 3304612 3194432 <0.01
10 3794682 206+66" 197+55° 3514£25% 3194432 <0.01
P >0.05 >0.05 >0.05 >0.05 >0.05

GLUCOSE 0 80.82+28.12 % 62.83+19.04" 69.55+13.60° 78.76+13.25% 94.30+6.42° <0.05

(mgydl) 3 71.60£13.55" 81.46+13.55%® 76.26+3.45" 76.67£17.59"° 94.30+£6.42° <0.05
7 80.82+25.51%  69.55+6.35" 65.21£12.09°¢ 95.40+33.072 94.30+£6.42 % <0.05
10 55.47+15.39°¢ 79.30+11.38%® 64.13+18.65" 58.17+18.98* 94.30+6.422 <0.01
P >0.05 >0.05 >0.05 >0.05 >0.05

AMY 0 365£132 3574367 4934300 668+391 330+65 >0.05

(UL 3 459+£271° 458+352" 610+£346® 92343562 330+65° <0.05
7 405+98° 5194348 % 337£104° 7593472 330+£65° <0.05
10 466+182 3594107 350£146 718+494* 330£65 >0.05
P >0.05 >0.05 >0.05 >0.05 >0.05

ALB 0 2.35+0.18%® 1.90+£0.619 ¢ 2.05+0.18 2.38+0.09 A% 2.46+0.152 <0.05

(mg/dI) 3 2.40+0.23 2 2.41+0.22° 1.86+0.20° 2.38+0.1942 2.46+0.15° <0.01
7 2.33+0.28 2.13+0.48 1.95+0.40 2.11£0.228 2.46+0.15 >0.05
10 2.30£0.27% 2.07+0.33 " 1.85+0.33°¢ 2.20+0.28* 2.46+0.15° <0.01
P >0.05 >0.05 >0.05 <0.05 >0.05

Ca 0 14.31+5.262 6.80+£1.94°¢ 4.93+0.86° 10.23+1.98° 11.21£1.20%® <0.01

(mgyd) 3 10.91£1.912 6.61+1.65™ 5.36£1.17°¢ 8.10+£2.06° 11.21£1.20%® <0.01
7 12.85+2.88% 6.90+£2.64°¢ 5.03+1.07°¢ 9.48+1.30°" 11.21£1.20% <0.01
10 11.44+2.902 3.80+£2.54° 4.83+1.12" 9.15+0.49* 11.21+1.20% <0.01
P >0.05 >0.05 >0.05 >0.05 >0.05

ALT: Alanine aminotransferase; ALP: alkaline phosphatase; CK: creatinine kinase; CK-MB: creatinine kinase-MB; CREA: creatinine; CHOL:
cholesterol; AMY: amylase; ALB: albumin; Ca: calcium » 8 The means shown in different capital letters within the group (in the column) are
statistically significant. *® The means shown in different lowercase letters between the groups (on the line) are statistically significant. *The group
A+R+P data from the 10th day were not statistically analysed because 2 dogs were still alive as a result of death in group A+R+P. Data are presented

as the mean + standard deviation.

oseltamivir, and famciclovir results in the best clinical
outcome for dogs with parvoviral enteritis. Similarly, the
A+P and A+R groups achieved the best clinical scores in
this study, respectively.

Several therapeutic benefits of proanthocyanidin [26,27],
such as antibiotic, antiviral, antioxidant, and
immunomodulatory, may have contributed to this
situation. Ribavirin has an immunomodulatory effect
[36] and improved the clinical course in infants with
severe bronchiolitis caused by a respiratory syncytial
virus [37]. The properties mentioned above of ribavirin
and its being an effective antiviral against CDV [19]

may have contributed to the second-best clinical score in
the A+R group. However, using ribavirin was found to
cause weight loss. Dogs in the A+R group lost the most
weight, followed by those in the A+R+P group. Like
this, Weiss et al. [38] found that cats administered
ribavirin at doses of 11, 22, and 44 mg/kg progressively
lost weight and their appetite. With therapy, the clinical
score of the A+R+P group increased steadily, and the
dogs' overall condition quickly deteriorated. The high
clinical score of the A+R+P group at TO (Table 3) and an
adverse drug interaction may have led to this outcome.
10 mg/kg proanthocyanidin and 30 mg/kg ribavirin,
which we used in this study, do not have such side
effects.
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Table 6. PCR analysis results of CDV presence in mucosal swab and leukocyte samples and visual evaluation of PCR positivity of the groups.

Viral Shedding 1 2 3 4 5 6
Groups | Day MS L MS L MS L MS L MS L MS L
TO ++ +++++ ++++ +++++ + + +++ N +++++ N + +++
T7 N N +++ 4+ +t++ ++++ + ++++ ++ +++ +H++ +H++
< T10 D D ottt [t D D ++++ + N N + +++
PT5 D D D D D D ++ ++ N N ++ +++
PT10 D D D D D D + + D D + +
TO +H++ e+ e e e+ ++ + +++ + B ++++
T7 N N +++++ N N + + +++ N +++++ +++++ +++++
gr: T10 N N D D D D +++ +t++ N +t++ +++ +H+++
<
PT5 N N D D D D ++ + N ++ ++++ +H+++
PT10 N N D D D D D D N N D D
TO +H++ +H+++ + N +H++ N + e+t F e I +
T7 ++ + ++ ++ +H++ ++++ e+t e+ R S [ +
o T10 N N +H+++ | +++++ +++++ +++++ +++++ ++++ ++++ + +
<
PT5 N N Ean st RS D D + +++ ++++ +++++ + +
PT10 N N D D D D D D D D N N
TO + +++++ +++ ++++ ++++ +++ ++ ++ ++++ N +++ N
T7 +++++ +++++ N N +++++ ++ ++++ ++++ ++ ++ N ++
E T10 D D N N D D D D D D N N
&
PT5 D D D D D D D D D D D D
PT10 D D D D D D D D D D D D
MS: Mucosal Swabs, L: Leucocyte layer, N: Negative, D: Death
indicated that the leukopenia-inducing effects of
Proanthocyanidin has reportedly been used safely and ribavirin  and CD might be mitigated by

effectively for 24 weeks in dogs at doses of 4, 20, or 40
mg/kg [30]. Ribavirin has been shown to cause anemia
in dogs with CDV when taken at a dose of 30 mg/kg for
15 days [29]. There isn't a study that combines the usage
of these two medications in dogs, though. To better
understand drug interactions, studies involving larger
numbers of animals in groups might be advantageous.

All patient groups had lymphopenia, which is consistent
with CD findings [5,11,34,39]. When the effects of the
treatments on the hematological parameters of the
groups were examined, significant decreases in WBC,
NEU (P<0.05), and MON (P<0.01) values were
observed only in the A+R group, and this decrease was
attributed to the effects of ribavirin. Because ribavirin
use has been associated with leukopenia in both humans
[40] and cats [39]. This view is supported by the gradual
decline in all leukocyte parameters in the A+R+P group
utilizing ribavirin. The findings demonstrated that 30
mg/kg of ribavirin caused leukopenia, neutropenia, and
monocytopenia in CDV-positive dogs. The dogs in the
A+P and A+R+P groups had higher leukocyte
parameters than those in the A+R group. This elevation

proanthocyanidin's immunomodulatory properties [41]
and antioxidant properties [42], which protect leukocyte
cells.

The gradual decrease in erythrocyte parameters in all
patient groups during the treatment was consistent with
the reports of anemia in CD [4,11,34]. According to
reports, ribavirin is directly toxic to erythrocytes,
induces dose-related hemolysis and has adverse effects
such as hemolytic anemia and bone marrow suppression
[43,44]. However, it was found in this study that the
groups using ribavirin had higher erythrocyte parameters
than the other groups. These findings suggest that 1) By
inhibiting CDV replication, ribavirin lessens the degree
of anemia associated with the disease. 2) Blood RBC,
HGB, and HCT values in dogs are not affected by ten
days of treatment with 30 mg/kg ribavirin. 3) Ribavirin
does not accumulate much in canine erythrocytes. The
last two inferences can be explained as follows:
Different erythrocyte affinities for isolation ribavirin
cause different degrees of hematological toxicity in
different species [38,44]. Some species, such as mice
and rats, accumulate less ribavirin in their erythrocytes
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than humans, resulting in fewer hemolytic effects [38].
Ribavirin-induced anemia is most severe in monkeys,
followed by humans, rodents, and dogs [45]. In
conclusion, it can be concluded that ribavirin at a dose of
30 mg/kg is safe to use in dogs with CDV and lessens
the severity of CD-related anemia without producing
evident hemolytic anemia.

When the high leukocyte levels are considered, a
secondary bacterial infection [6] may be the reason for
the high PLT values in group A. The reduction in PLT
values in ribavirin-treated groups during treatment is
consistent with reports that ribavirin produces
thrombocytopenia [38,40].

An elevated serum AST activity and a higher ALT than
AST [46] and high GGT activity [47] indicate liver
disease in dogs. As is well known, liver enzyme activity
is slightly elevated in CDV infection [13]. The AST and
GGT activities of the treatment groups in this study did
not differ statistically significantly. However, the ALT
values of the A and A+R+P groups were higher than
those of the other groups (P<0.05). Thus, the virus's
effects on the liver could generate an increase in ALT. It
has been demonstrated that proanthocyanidin [30] and
ribavirin [29] had no influence on these enzyme levels in
dogs. Similarly, in this study, the ALT activity of the
A+R and A+P groups was nearly equivalent to that of
the control group but lower than that of the A group
(P<0.05). Moreover, these groups' final GGT and ALP
activities were lower than those of the control group, and
their ALT activities were lower than their AST activities.
These findings suggest that wusing ribavirin or
proanthocyanidin may be beneficial in reducing disease-
related ALT elevations and has no adverse effects on the
liver.

ALP activity increased during treatment in group A.
(P<0.05). Enteritis and osteoclast, osteoblast, and
osteocyte degeneration and necrosis caused by CDV [48]
were suspected as potential causes of this condition.
ALP activity was lower in T10 in the A+R group than in
the other groups (P<0.05). This decrease may be due to
ribavirin use. Because ribavirin has been linked to
reduced bone ALP isoenzyme activity in people with
chronic hepatitis C infection [49,50].

CDV can cause myocarditis in young dogs, but the
histological changes in the myocardium are mild
compared to myocarditis caused by parvovirus [51].
Increases in CK levels have been reported in some dogs
experimentally infected with CDV [52]. Compared with
the control group, CK, CK-MB (P<0.01), and AST,
markers of myocardial damage [53] were higher in group
A, providing evidence of myocarditis in CDV infection.
In patients with hantavirus renal syndrome disease,
ribavirin therapy has reportedly been associated with a
decrease in CK-MB activity [54]. Confirming this
information, CK and CK-MB activities decreased
numerically in the A+R group as treatment progressed.
Thus, it can be claimed that the using ribavirin in CDV
infection effectively prevents cardiac damage.
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According to reports, the CREA values were unaffected
by using ribavirin in dogs and cats [29,55] or
proanthocyanidin in dogs [30]. However, since ribavirin
is excreted through the kidneys, it tends to accumulate in
the kidneys in the presence of renal dysfunction [56].
Only the CREA values of the A+R group increased
gradually during treatment. Considering the decrease in
AST, CK, and CK-MB levels in the A+R group as the
treatment continued, it was thought that the high CREA
values in TO might have been caused by muscle damage,
and the high on other days (P<0.01) might have resulted
from kidney damage in which ribavirin also played a
role.

Anorexia,  protein-losing  enteropathies,  hepatic
disorders, maldigestion, and severe malnutrition can all
cause hypocholesterolemia in dogs [57]. The A+R and
A+P groups' CHOL levels at TO were lower than those
of the control group (P<0.01), and diarrhea and
maldigestion were assumed to cause this decline. The
low glucose, ALB, and TP levels (P<0.05) of these
groups at TO also support this inference.
Proanthocyanidin has been observed to markedly lower
CHOL levels in rats [58,59]. The A group's CHOL levels
increased during the treatment, but the A+R+P group's
CHOL levels reduced, while the A+P group's increase
was the smallest. Therefore, it may be asserted that the
use of proanthocyanidin prevents the increase of CHOL
levels in dogs with CDV.

Mild AMY activity elevation occurs in dogs with acute
pancreatitis, acute enteritis, perforated duodenal ulcers,
intestinal torsion, and infarctions [46]. In group A, AMY
values gradually increased, and most dogs had mild
diarrhea. Inclusion bodies have been found in pancreatic
tissue associated with CD [60,61]. Therefore, it was
assumed that CDV-affected pancreatic tissue and
enteritis caused this rise. Studies show that
proanthocyanidin effectively reduced high levels of
AMY and alleviated pancreatic damage in rats with
acute pancreatitis [62]. At a dose of 30 mg/kg
administered to rats, ribavirin was likewise seen not to
damage the pancreas [63]. The AMY values of the A+R
and A+P groups at T10 approached the control group
values. These findings concluded that treating ribavirin
or proanthocyanidin prevented the disease's associated
elevations in AMY. The A+R+P group had higher AMY
activity at T3 and T7 than the A and control groups
(P<0.05). At the same time, the most severe diarrhea
cases were detected in this group. Thus, at high AMY
levels, pharmacological interactions between ribavirin
and proanthocyanidin, CDV's impact on pancreatic
tissue, and the presence of severe enteritis may have
played a role.

Albumin levels are mostly decreased in renal glomerular
diseases, protein-losing enteropathies, malnutrition, and
liver diseases [46]. Hypoalbuminemia has been reported
to occur in CD [13]. The ALB values are reported to be
unaffected by the wusage of ribavirin [29] or
proanthocyanidin [30]. ALB, TP, and glucose levels
were lower (P<0.05), and CREA levels were higher
(P<0.01) in the A+R and A+P groups compared to the
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control group, while there was no significant change in
liver enzyme activities. These findings led to the
inference that low ALB levels in these group would be
caused by infection, malnutrition, and renal injury. The
gradual decrease in TP and ALB values in the A+R+P
group was attributed to the dogs having severe enteritis.
Dogs with CDV [13] and cats receiving ribavirin [55]
had decreased blood Ca levels. The A+R group exhibited
the lowest Ca values. Ribavirin and CDV infection were
suspected of contributing to this decline, in addition to
the low baseline value.

Reportedly, CDV can be detected in whole blood
samples two days after experimental infection in dogs,
peaking on day six and dramatically declining on day
twelve [64]. The absence of CDV in the leukocyte layer
of six dogs at TO can be attributed to the dogs being
generally asymptomatic and not in the viremia stage.
The increase in viral load in more dogs in group A in the
following days of treatment showed that classical
treatment was insufficient to reduce viral shedding. The
highly antiviral effect of ribavirin and proanthocyanidin
against CDV has been demonstrated [19,27,65].
Supporting this information, the best groups in lowering
or stopping viral shedding were A+R and A+P,
respectively. As a result, it can be argued that using
ribavirin or proanthocyanidin in CD reduces CDV
shedding. In PT10, no dogs survived in the A+R+P
group, but two dogs survived in the A, A+R, and A+P
groups. While viral shedding continued in group A, it
had ceased in the other groups. However, in the A+R
group, viral shedding ended earlier (T7). This action
suggested that ribavirin was more efficient than
proanthocyanidin at lowering and preventing viral
shedding.

The study's shortcomings include the small number of
animals in each group and the lack of inflammatory
markers to evaluate treatment efficacy. This study,
however, is regarded significant in terms of analysing
the impact of ribavirin and proanthocyanidin use on
clinical outcomes, hematological and biochemical
parameters, viral shedding, and side effects in CDV-
infected dogs.

5. CONCLUSION

Classical treatment was unable to enhance clinical
outcomes, lessen viral shedding, or prevent cardiac
damage. In terms of survival rates, it produced the same
outcomes as ribavirin, nevertheless.  Ribavirin
administration to CDV-positive dogs caused leukopenia
and weight loss, decreased serum Ca levels and was
associated with kidney damage. On the other hand,
ribavirin had no adverse effect on erythrocyte
parameters, reduced the severity of CD-related anemia,
did not induce liver damage, and had a beneficial effect
in preventing cardiac damage and the rise in disease-
associated AMY activity. The administration of
proanthocyanidin in CDV-positive dogs was found to
have good effects on causing an increase in leukocyte
counts, preventing the rise in disease-related AMY
activity, reducing CHOL levels, and did not cause liver
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and kidney damage. Proanthocyanidin and ribavirin
achieved the most remarkable improvements in clinical
course and survival rates, respectively. Ribavirin and
proanthocyanidin produced the best results in terms of
reducing or stopping viral shedding, respectively.
Therefore, to limit the spread of the disease, it was
considered beneficial to include ribavirin in the
treatment, particularly in areas where dogs are
collectively  sheltered.  Ribavirin-proanthocyanidin
therapy decreased viral shedding, mitigated the
leukopenia-inducing effects of ribavirin, did not result in
liver or kidney damage, but quickly worsened the dogs'
general health. It is advised to carry out experiments
with more animals in the groups to corroborate the
findings of this study and to gain comprehensive
information about the pharmacokinetics and toxicity of
combining these two medications.
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