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ABSTRACT

Canine parvovirus-2 (CPV-2) remains an endemic virus in the North-Central States and the Federal
Capital Territory, Abuja, Nigeria, despite the availability of vaccines. The emergence of new strains,
antigenic divergence between CPV-2 field and vaccine strains as well as gaps in the knowledge,
attitudes and practices of dog owners regarding canine parvovirus and its attendant disease have
made the effective control and eradication of parvoviral enteritis almost impossible. The molecular
and phylogenetic divergence between canine parvovirus-2 vaccine and field strains as well as
knowledge, attitude, and practices of dog owners in North Central Nigeria towards canine parvoviral
enteritis, were investigated in this study. The behavioural attributes of dog breeders were evaluated
through a structured questionnaire focusing on CPV-2 vaccination compliance, management system
of the kennel, and bio-security measures adopted by the breeders. CPV-2a and CPV-2c were
confirmed in the field samples. CPV-2a was predominantly detected in puppies, local breeds,
unvaccinated dogs, and sick dogs, while CPV-2¢ was commonly found in adult dogs, exotic breeds,
vaccinated dogs and apparently healthy ones. The viral vaccines indicated the presence of CPV-2 and
CPV-2b. Phylogenetic analysis of the sequenced samples revealed that the field strains clustered
closely to the CPV-2 strains of Asian origin, while the vaccine strains clustered closely to CPV-2
strains of North/South American and European origin. Based on the breeders’ reports, CPV-2
infection is highly associated with CPV-2 vaccination compliance by the breeders, management
system of the kennel, such as feeding pattern, floor pattern, rate of cleaning the kennel and bio-
security measures adopted by the breeders in their kennels. The divergence in both the origin and
strain of the field and vaccine strains of CPV-2 observed in this study may contribute to the inability
of the vaccine to protect the dogs, especially against CPV-2c infections. This highlights the need for a
polyvalent CPV-2 vaccine that includes all the serotypes. This study provides an update on the current
molecular distributions and phylogenetic divergence of field and vaccine CPV-2 variants as well as
behavioral practices of dog owners in North Central Nigeria.
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Introduction

Canine parvovirus (CPV) is highly contagious
and causes serious and often fatal disease in
dogs worldwide, despite the availability of
different commercial vaccines. The control and
prevention of CPV remain a global challenge
relying mainly on extensive vaccination with
safe and efficacious vaccines. The vaccines
currently in use are based on the original
antigenic type of CPV, and have been shown to

protect dogs against infection with the newer
(antigenic types, CPV 2a/2b (Yule et al., 1997).
Ideally, vaccines for CPV-2 should include the
latest antigenic variants of the virus specific to a
given geographical area, as this would ensure
the most complete protection, provided the new
vaccines remain as immunogenic as the old
ones (Truyen, 2006). However, field
experiences  indicate  that  veterinarians
frequently encounter clinical signs of canine
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parvoviral enteritis compatible with CPV-2
infection in dogs that were previously
vaccinated.

The companion animal viral vaccines hold a
significant share in the global veterinary
vaccines market, with several manufacturers of
vaccines. Some CPV-2 vaccines are, however,
produced using some viral strains not currently
circulating in the environment, and there may
be a need of update in view of the possible
emergence of new virulent strains in the field
(Waner et al., 1998; Truyen, 2001) and
increasing reports of PVE among vaccinated
pets. Truyen (2006) reported that vaccines
should contain the latest antigenic types of a
given virus within a given geographical area, as
this confers the most complete protection.
There are growing concerns that vaccines
currently used to prevent canine parvoviral
infections may not provide adequate protection
for pups against canine parvovirus type 2
antigenic variants. Factors that may contribute
to this may include uncontrolled importation of
dogs, which may introduce a new or mutated
strain of CPV-2 that are potentially more
pathogenic compared to the existing one,
genetic divergence between vaccine and field
strains of the virus, high mutation rate that may
affect the antigenicity of the virus. Additionally,

gaps in knowledge, attitude and practices of dog
owners towards control of the disease in the
study area further complicate effective
management. Despite the availability of CPV-2
vaccines in North Central Nigeria, the
prevalence of CPV infections in dogs in the
area continues to rise (Ogbu et al., 2016; Apaa
et al., 2016; Ogbu et al., 2019). Therefore, there
is a need to investigate the current distribution
of CPV-2 field and vaccine strains, their
phylogenetic divergence and the knowledge,
attitudes and practices of dog owners in the
region.

Materials and Methods

Four (4) different CPV vaccines and fifty-nine
(59) rectal swab samples from veterinary clinics
and from kennels or owners in North Central
Nigeria that tested positive for CPV antigen
using Canine Parvovirus Test Kit (SensPERT®,
Vet All Laboratories) were used for this study.
The samples were collected between January to
June, 2018 from four cities within the study
area, which included Jos (9°55'3.045"N,
8°53'52.584"E; altitude: 1,184 m a.s.l),

Makurdi (7°43'52.548"N, 8°32'18.33"E; 90 m
a.s.l), Lafia (11°21'23.178"N,9°23'8.202"E; 455
m a.s.]) and Abuja (9°3'51.59"N, 7°29"21.47"E;
482 m a.s.l).
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Fig 1: Map of North Central Nigeria showing the study area- Makurdi-Benue, Lafia-Nasarawa,
Jos-Plateau and Abuja-FCT
(Yellow stars showing sampled areas)

DNA Extraction of CPV-2 and Polymerase Chain Reaction (PCR)

Assay Primer Sequence Position> Amplicon Reference
size (bp)

Conventional PCR VP2-850 GAGCATTGGGCTTACCA 3633-3649
VP2- GCAGATGCATCAGGATC 4316-4332 700 Toubhiri et al., 2009
1550

VP2 gene sequencing P1 ATGAGTGATGGAGCAGTTC 2786-2804 Battilani etal ., 2001
VPR TTTCTAGGGTGCTAGTITGAG 4512-4530 1745 Mokizuki et al .,

1996

Internal primers® 41-FOX2 GCCCTTGTGTAGACGC 3824-3839 Truyen etal ., 1998

353 CCTGGATTAAACCAAACTCC 3137-3156 kindly provided by

Dr. A. Balboni

Swab homogenates were obtained according to Purpari et al. (2018). The extraction of viral DNA
from 200 pl of swab homogenate was done according to the manufacturer's instructions using the
DNeasy Blood and Tissue Kit (Qiagen S.p.A.). Using a primer pair shown in table 1, the presence of
CPV DNA was confirmed in a PCR protocol amplifying a 700-bp fragment of the VP2 gene using the
primer pair VP2-850 (5-GAGCATTGGGCTTACCA- 3”) and VP2-1550
(GCAGATGCATCAGGATC-3’) (Touihri et al., 2009), with a commercial kit GoTaq® G2 DNA

Polymerase (Promega Italia s.r.1.), as previously described (Mira et al., 2018).

Table 1: Primers used in the conventional PCR assays and sequencing analyses

aNucleotide positions refer to the prototype CPV strain CPV-N (U.S.A. — 1978; accession n.:
M19296). PPrimers used for Sanger sequencing of the partial VP2 gene sequence or of the nearly full-

length genome.

Restriction Fragment Length Polymorphism
(RFLP)

Ten microliters of each amplicon were digested
with 5 unit (U) of restriction endonuclease
Mboll (New England BioLabs® Inc., Ipswich,
U.S.A)) in a 50-pl reaction mix consisting of 5
ul of NEBuffer and 35 pl of nuclease-free water,
under the following reaction conditions:
incubation at 37°C for 2 hours and inactivation
at 65°C for 20 min. The profile was determined
by electrophoresis on a 3% agarose gel
supplemented with ethidium bromide.
Nucleotide Sequencing of VP2 Gene

Virus protein 2 gene sequence was determined
from samples (28) collected from the study area
from dogs of varying age, vaccination statuses,
and clinical conditions. The nearly complete
VP2 gene sequence was determined using a
primer pair (Table 1), which allows for
amplification of a 1,745-bp fragment (Battilani et

al, 2001; Mokizuki et al., 1996), using the
commercial kit GoTaq® G2 DNA Polymerase
(Promega Italia s.r.l.), as previously described
(Purpari et al, 2018) with minor modifications
(thermal conditions: 1 min for the annealing
step). After electrophoresis on agarose gel
supplemented with ethidium bromide, amplicons
were purified with Illustra™ GFX™ PCR DNA
and Gel Band Purification Kit (GE Healthcare
Life Sciences) and submitted to BMR Genomics
stl for direct Sanger sequencing with 6.4 pmol of
the reverse primer used for amplification and of
two additional internal primers (Table 1).
Sequences were assembled and analysed using
BioEdit software (Hall, 1999).

These sequence data were submitted to the
DDBJ/EMBL/ GenBank databases under
accession numbers MK895483-90.

Phylogenetic Analysis
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Phylogenetic analyses based on the full-length
NS1 and VP2 gene sequences were conducted
using the best-fit model of nt substitution with
MEGA version X software (Kumar et al., 2018),
inferred with the maximum-likelihood method
based on the Tamura 3-parameter (T92) and
Hasegawa—Kishino—Yano (HKY) models, with
discrete gamma distribution (five rate categories)
(G) and invariant sites (I) (bootstrap 1,000
replicates), the best-fitting models after the
model test analyses (VP2: T92 + G; NS1: HKY
+ G; whole genome: HKY + G+1).

Assessment of knowledge, attitude and
practice of dog owners towards CPV infection
The study population was determined using a
focal point census of the study area, while the
sample size was determined using a percentage
of the latest census population of dogs in the
study area. The total number of dogs in Jos
metropolis is estimated to be about 10,024
(Ogbu et al., 2020). It was estimated that the ratio
of dog to owner is 4:1, equivalent to 2,506 dog
owners in the selected areas in North Central
Nigeria. Using approximately 20% of this
owners’ population, 500 well-constructed
questionnaires were administered through oral

Results

interviews with dog owners. One of the
inclusion criteria for participation was having
previous experience with dogs exhibiting
classical clinical signs of CPV infection,
including foul-smelly and haemorrhagic diarrhoea,
vomiting, dehydration and weakness. The sample
size was determined according to Boll and Gall
model cited in Uzoagulu, (2011) to collate the
following data to assess the knowledge, attitude
and practice of dog owners towards CPV
infection: CPV awareness and compliance with
CPV vaccination among dog owners in North
Central Nigeria, management system in dog
owners’ kennels, and biosecurity measures
implemented in these kennels.

Statistical analysis

The data obtained were analyzed using
descriptive statistics and the Chi-square test.
Significance was accepted at probability values
of p < 0.05. Phylogenetic analyses based on the
gene sequences were drawn with MEGA version
X software and inferred with the maximum-
likelihood method. Bootstrap support of 70%
was considered significant and provided
evidence for phylogenetic grouping.

Detection of CPV by conventional PCR and Restriction Fragment Length Polymorphism
(RFLP)

The RFLP assay was used to discriminate CPV-2c from other CPV variants by the position and
number of their fragments. Based on the RFLP analysis, majority (91.5%) of the samples of CPV-
seropositive samples yielded 3 fragments of 56, 275 and 369 bp, respectively were CPV-2c. 8.5%
(5/59) of the samples yielded 2 fragments of 331 and 369 bp, respectively, classifying them as variant
CPV types (CPV-2, CPV-2a or CPV-2b) (Figs 2 and 3).

Conventional PCR was used to confirm the presence of canine parvovirus DNA in the selected
samples (n = 59) (Fig 2). RFLP analysis showed that majority (91.5%) of the samples produced 3
fragments at 56, 275 and 369 bp positions, which are identical with CPV-2c. Only 8.5% (5/59)
produced two fragments at positions 331 and 369 bp, suggestive of CPV-2, CPV-2a or CPV-2b) (Fig
3). The unclassified CPV strains (n = 5) and the CPV-2c strains (n = 23) based on RFLP result were
further subjected to sequence analysis to confirm the complete VP2 gene sequence (Fig 4). The aa
residues of 297 and 426 positions after the sequence analysis confirmed the samples typed as CPV-2c
(426-Glu) and typed the other samples (n=5) as CPV-2a (297-Ala, 426-Asn) (Appendices I).
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Fig 2: PCR product of CPV-2 from naturally infected dogs after seperation by gel
electrophoresis (Lanes 1 - 10 are positive field samples, lanes K- and K+ are negative and
positive control, respectively while lane L is the ladder 100bp)

Fig 3: RFLP image of CPV-2 from naturally infected dogs with Mboll enzyme (Lanes 1, 3, 4 and
5 showed three bands — 56, 275 and 369bps - which denote CPV-2¢ while lane 2 showed two
bands - 331 and 369bps - which denote non-CPV-2¢c amonge the positive field samples, lanes L
and K+ are ladder 100bps and positive control, respectively)
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Fig 4: VP2 gene sequence of CPV-2 virus from faecal samples of naturally infected dogs in
North Central Nigeria by gel electrophoresis. (Lanes 1 - 11 are positive field samples (1745 bp),
lanes K- and K+ (1745) are negative and positive control, respectively, while lane L is the ladder
100 bp)

Molecular Distributions of CPV-2 Serotypes

The distribution of CPV-2 serotypes from this result showed that all the CPV-2a serotypes were
exclusively detected in puppies, representing 9.4% of the total samples (n=53) while 90.6% of samples
from puppies were CPV-2c. Furthermore, all the adult dogs (n=6) were infected only by CPV-2c
(Table 2).

Based on breed distribution, the samples were classified into exotic, local and mixed breeds according
to the number analysed. Out of the 11 samples from the local breed of dogs studied, 60% were
identified as the CPV-2a strain. Ninety-five percent (95.0%) of the samples from exotic breeds (n=40)
were CPV-2c (Table 2).

Based on sex, 10.81% of male dogs were infected with CPV-2a, while CPV-2¢c was predominantly
observed in female dogs, accounting for 95.45% of the infection (Table 2).

A total of 3.9% of samples from Plateau State (n=26) were identified as CPV-2a, while 96.2% were
CPV-2c. Majority of samples (88.9%) from Benue State (n=9) were CPV-2c and all (100%) the
samples from Nasarawa State (n=9) were also CPV-2c. Meanwhile, Federal Capital Territory recorded
the highest number of CPV-2a (60%) cases which accounted for 20% of the samples (n=15) analyzed
from the location (Table 2).

Based on vaccination status, 17.4% of unvaccinated dogs were infected with CPV-2a strain while
CPV-2c was predominant in vaccinated dogs accounting for 97.2% of the cases (Table 2).

From the study, 10.8% of dogs exhibiting clinical signs were infected with CPV-2a while 95.4% of
apparently healthy dogs were found to have the CPV-2c serotype (Table 2).
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Table 2: The distribution of CPV-2 serotypes in dogs naturally infected with CPV-2 in
North-Central States and FCT, Abuja, based on age, sex, breed, location, vaccination status and
clinical signs of CPV-2 serotypes among dogs in North Central Nigeria

RISK FACTORS TOTAL CANINE PARVOVIRUS-2 (CPV-2)
NUMBER OF | SEROTYPES
SAMPLES CPV-2° CPV-2c
EXAMINED No Prevalence | No Prevalence
Positive | (%) Positive (%)
AGE (Months)
0-6 53 5 9.43 48 90.57
>6 6 0 0.00 6 100.00
SEX
Female 22 1 4.55 21 95.45
Male 37 4 10.81 33 89.19
BREED
Exotic 40 2 5.00 38 95.00
Local 11 3 27.27 8 72.73
Mixed 8 0 0.00 8 100.00
LOCATION
Plateau State 26 1 3.85 25 96.15
Benue State 9 1 11.11 8 88.89
Nasarawa State 9 0 0.00 9 100.00
FCT Abuja 15 3 20.00 12 80.00
VACCINATION STATUS
Vaccinated 36 1 2.78 35 97.22
Unvaccinated 23 4 17.39 19 82.61
CLINICAL SIGNS
Clinical Manifestation 37 4 10.81 33 89.19
Apparently Healthy 22 1 4.55 21 95.45
TOTAL OF EACH RISK 59 5 8.48 54 91.52
FACTOR
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MOLECULAR CHARACTERIZATION OF CPV-2 VACCINE STRAINS

Sequence analysis of the VP2 gene of vaccine strains

The sequence analysis of the four vaccine strains showed the presence of CPV-2 (n=3) and CPV-2b (n=1). The CVP-2-based vaccine sequences showed
99.65-99.60% nucleotide (nt) identity, while the CPV-2 b-based vaccine showed no identity, ranging between 99.31% and 99.14%.

In CPV-2 based vaccines, eight non-synonymous changes occurred (T44A — vaccine 1, 2 and 4; 1219V, Q370L and Q386K — vaccine 4; K271R and
V316l — vaccine 2; N375D, Y571F — vaccine 1). For CPV-2b based vaccine ten non-synonymous changes occurred (M87L, 1101T, S297A, A300G,
D305Y, N321K, N375D, N426D, K570E and K575R — vaccine 3). A common substitution was observed at amino acid (aa) position 44 (T44A) in all
CPV-2-based vaccines. A common substitution also occurred at position 375 in both CPV-2 and CPV-2 b-based vaccines (N375D), specifically vaccines
1 and 3, respectively (Table 3). Several non-synonymous amino acid changes were observed across the 1725 not region when all the vaccine strains
(CPV-2 and CPV-2b) were compared with all the field CPV strains (CPV-2a and CPV-2c), suggesting them as distinct strains (Table 3).

Furthermore, the CPV-2 vaccine strain differed from the field strains observed in this study at several amino acids including A5G, T44A, M87L, 1101T,
1219V (vaccine 4), F267Y, K271R (vaccine 2), S297A, A300G, D305Y, V316l (vaccine 2), Y3241, Q370L/R (vaccine 4) and field CPV-2¢, N375D -
(vaccines 2 and 4), Q386K (vaccine 4), N426E (field CPV-2c), T440A (field CPV-2a), and F571Y (vaccine 1) (Table 3). Comparing the CPV-2 b-based
vaccine with CPV-2a and CPV-2c of the field strain was not carried out since they are different variants of CPV-2.
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Table 3: Amino acid sequences of non-synonymous changes of VP2 of vaccines and CPV-2 strains from dogs from North Central Nigeria

Amino acid positions in the VP2 gene sequence

CPV type,
strain Acenr. TETTeT 101 219 267 271 297 300 305 316 321

CPV-2, strain M38245 A T M 1 | F K S A D A% N
CPV-b

CPV-2, - A

Vaccine 1

CPV-2, - A R |
Vaccine 2

CPV-2b, - L T A G Y K
Vaccine 3

CPV-2, - A A%
Vaccine 4

CPV-2a, strain MK&895483 L T
idUV1

CPV-2a, strain MK&895484 L T
idYV8

CPV-2a, strain MK&895485 L T
idUV6

CPV-2c, strain MK895486 L T
idYV2

CPV-2c, strain MKS895487 L T
1dEVS

CPV-2c, strain MK&895488 G L T
idJOE2

CPV-2c¢, strain MK&895489 G L T
idNC

CPV-2c¢, strain MK&895490 L T
idPSV21
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Phylogenetic analysis of the Vaccine strains using maximum-likelihood method

Phylogenetic tree constructed using maximume-likelihood method showed that VP2 sequences of the
vaccines circulating in Nigeria were more closely related to the CPV strains of North/South America
and Europe rather than to strains collected in Asia (Fig 5).
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Fig 5:Maximum-likelihood tree based on 53 full-length VP2 gene sequences of canine parvovirus type
2 vaccine strains (bootstrap 1,000 replicates; bootstrap values greater than 65 are shown). Black dot
(e) and black triangle (A) markings indicate CPV-2 field and vaccine strains from Nigeria,
respectively, analysed in this study. Each sequence is indicated with virus type (FPLV, feline
panleukopenia virus; CPV, canine parvovirus) or variant (CPV-2, CPV-2a, CPV-2b, CPV-2c), country
and year of collection, accession number and strain/isolate name. The scale bar indicates the estimated
numbers of nucleotide substitutions per site. The tree was rooted using FPLV Italy 2015KX434462

CPV awareness and vaccination compliance
among dog owners and personnel in North
Central Nigeria

Out of the total number of respondents (n=500)
who experienced CPV-2 infection in their
kennels, all (100.0%) reported being aware of
canine parvovirus enteritis and its vaccination.
Only 41.6% (208/500) stated that they
vaccinated their dogs against CPV. Among this,
52.4% (109/208) administered only the primary
vaccination while 47.6% (99/208) gave both
primary and secondary vaccinations (Table 4).
There was an association between CPV infection

in dog kennels and vaccination compliance by
dog owners (P = 0.024).
Dog management practices in North Central
Nigeria
Majority of the respondents (58.4%) reported
feeding puppy and adult dogs together, while
41.6% (208/500) feed them separately. Among
those who fed the dogs separately, 56.2%
(117/208) fed the puppies before adults.
Majority of the respondents (79.2%) stated that
they used the same trough (feeder) to feed both
puppies and adults (Table 5). It was also shown
that there was a significant association between
the feeding pattern of dog owners and the
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occurrence of CPV infection in the study area (P
=0.00)

Majority of dog owners use cemented floor
kennels (58.4%), while a few use wooden floor
kennels (19%) (Table 5). The cleaning frequency
of the kennel varied, with 41.4% of the
respondents cleaning their kennels daily, 9.8%
cleaning every week, and 48.8% not having a
regular cleaning schedule. Most of the dog
owners (58.4%) did not use detergent to clean
the kennels (Table 5). The results showed a
significant association between the kennel’s
floor pattern, cleaning rate and CPV infection in
dogs in North Central Nigeria (P = 0.00).

Biosecurity measures observed by dog owners
in North Central Nigeria
Although majority of the respondents (63%)
reported restriction of visitors to their kennel,
only 43% practice handwashing before attending

to their dogs. Out of the total respondents, 54.8%
quarantined newly acquired dogs, while only
45.2% isolated dogs during illness (Table 6).
Based on the result from the study, there was an
association between the CPV infection in the
dog kennels and the biosecurity measures
practised by the dog owners (P = 0.00).

Out of the total respondents who confined their
dogs, the majority housed dogs from different
litters 64.6% confined their dogs, while 35.4%
allowed their dogs to scavenge. Among the
respondents who confined their dogs, the
majority housed dogs of different litters (62.2%),
different age groups (52.9%) and different
breeds (56.7%) together (Table 7). The results
showed a significant association between CPV
infections in dog kennels and confinement
practices of dog owners in the study area(P =
0.04).

Table 4: CPV vaccination compliance among dog owners and personnel in North Central

Nigeria

Vaccination compliance

Level of compliance

Yes No Total Primary Secondary Total
208 292 500 109 99 208
41.6%. 58.4% 100% 52.4% 47.6% 100%

P =0.024; df = 2; Chi square value = 7.433

Table 5: Management practices observed by dog owners in North Central Nigeria

Feed puppies and Feed puppies Separate feeding troughs
adult dogs together before adult dogs for puppies and adult dogs
Yes No Yes No Yes No
292 208 117 91 104 396
58.4% 41.6% 56.2% 43.8% 20.8% 79.2%
P =0.000; df = 2; Chi square value = 164.197
Floor types Cleaning rate Use of detergent
Wooden Cemented  Wire Daily Weekly Others  Yes No
195 192 113 207 49 244 208 292
39% 38.4% 22.6% 41.4% 98% 48.8% 41.6% 58.4%

P =0.000; df = 6; Chi square value = 241.057

Table 6: Biosecurity measures in dog owners’ kennels adopted by the personnel in North

Central Nigeria
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Allowing of Washing of Quarantine Isolation of
Visitors Hands New Dogs Sick Animals

YES NO YES NO YES NO YES NO

185 315 215 285 274 226 274 226

37% 63% 43 % 57 % 54.8% 45.2% 452% 54.8%

P =0.000; df = 3; Chi square value = 47.537

Table 7: Confinement practices observed by dog owners across North Central Nigeria

Confinement Confine Different Confine Different Confine Different
Litter Ages Breeds

YES NO YES NO YES NO YES NO

323 177 201 122 171 152 183 140

64.6%  35.4% 62.2% 37.8% 529% 47.1% 56.7 % 43.3%

P = 0.004; df = 3; Chi square value = 13.230

Discussion

In North Central Nigeria, only CPV-2a has been
reported previously (Dogonyaro et al., 2013;
Apaa et al., 2016). In the present study, analysis
of 59 CPV seropositive samples revealed 5
CPV-2a and 54 CPV-2c strains. These findings
showed a high prevalence of CPV-2c (91.5%)
compared to the CPV-2a variant (8.5%), with no
evidence of CPV-2b. This is the first
documented report of CPV-2c in Northern
Nigeria based on available records. Moreover,
the divergence observed in the VP2 gene
sequence of the CPV strains compared to those
previously circulating in Nigeria suggests the
possible introduction or ongoing circulation of
different strains over the years. This is reflected
in the reduction in the prevalence of CPV-2a,
which was initially predominant and the
significant increase in CPV-2c prevalence in
Nigeria.

More so, worthy of note in this research was the
exclusive presence of CPV-2a in puppies (< 6
months) while CPV-2c was detected only in
adult dogs. There was a high prevalence of CPV-
2a in the local breed compared to exotic breeds,
while CPV-2c was predominantly found in
exotic breeds. CPV-2a was more common
among unvaccinated dogs, whereas CPV-2¢c was
predominantly observed in vaccinated dogs.
Additionally, most of the CPV-2a cases occurred
in dogs showing clinical signs, while CPV-2c
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was mostly among apparently healthy dogs.
These occurrences may be linked to high
genomic mutations observed in the virus, which
has changed the epidemiological trend over time
(Decaro et al., 2008; Decaro et al., 2009).
Absence of CPV-2a in adult dogs may be due to
the small number of adults included in this study
or as a result of protective immunity post several
vaccinations, unlike CPV-2c¢ for which vaccine
efficacy has remain uncertain (Decaro et al,
2006a; Decaro et al.,, 2006b; Chollom et al,
2013). Local breeds of dogs in Nigeria do not
receive the same preferential treatment given to
exotic breeds, such as regular vaccination
(Shima et al., 2015b) and therefore are exposed
to all the strains of CPV-2. This may be the
reason for the prevalence of CPV-2a infection
among local breeds, which could have been
prevented by vaccination. This could also be
correlated with more CPV-2a seen among the
unvaccinated dogs while more CPV-2c occurred
among the vaccinated (Decaro et al., 2006a;
Decaro et al.,, 2006b; Shima et al., 2015b). The
high prevalence of CPV-2c in both healthy dogs
and sick dogs corroborated the reports of Nandi
and Kumar (2010); Fagbohun and Omobowale,
(2018), suggesting that CPV-2c is more virulent
and pathogenic. This strain may persist in the
environment longer due to prolonged shedding
after infection and recovery.
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The molecular analysis of four live attenuated
commercial vaccines circulating in Nigeria
(Shima et al., 2105b) showed that three vaccines
contained CPV-2 while one vaccine contained
CPV-2b. Most vaccines globally still utilise
CPV-2 despite the replacement of by CPV-2 by
its variants (CPV-2a, CPV-2b, CPV-2c) in field.
Only few vaccines contain CPV-2b (Parrish et
al., 1991 and Decaro et al., 2006; Decaro et al.,
2007; Streck et al., 2009; Brindhalakshmi et al.,
2016; Fagbohun and Omobowale, 2018). The
predominance of CPV-2 in the commercial
vaccines despite its apparent disappearance in
natural settings has raised concerns about the
strength and duration of cross protecting
immunity of CPV-2 against CPV-2a/b/c and
more importantly the efficacy of CPV-2 MDA
against CPV-2c¢ which is becoming more
prevalent (Pratelli et al., 2001; Truyen, 2006;
Calderon et al.,, 2009; Glover et al., 2012).
Interestingly, this research suggests that the high
prevalence of CPV-2 infection may be
connected to the divergence between field and
vaccine strains. The field samples were mostly
infected with CPV-2c, with only a small
proportion of CPV-2a, while most of the
vaccines tested contained CPV-2, with only one
vaccine having CPV-2b. Several authors have
recommended the inclusion of the local strain of
CPV-2 currently circulating in a geographical
area in vaccines, as this is paramount in control
of CPV-2 infection (Nandi and Kumar, 2010;
Glover et al., 2012; Puentes et al., 2012; Kaur et
al., 2015; Brindhalakshmi et al., 2016).

The VP2 sequence analysis of the vaccines used
in this study showed multiple mutations of
amino acids at some amino acid positions,
suggesting the fast-evolutionary nature of the
VP2 capsid protein (Hueffer et al., 2003; Nelson
et al., 2007; Shackelton et al., 2005). Yang et al.
(2009), also suggested that CPV-2 vaccines have
been replaced by a mutated strain. The CPV-2b
vaccine showed high synonymous changes in its
amino acid sequence compared to the original
CPV-2b strain. Also, substitution at aa position
N375D was observed in both CPV-2 and CPV-
2b vaccines, while CPV-2 vaccine showed a
uniform change at T44A. These changes may
affect the antigenic and immunogenic properties
of the vaccines thereby leading to variable
immunity outcomes (Pereira et al., 2000; Nandi

et al., 2009, Nandi et al., 2010). The divergence
of both field and vaccine strains in this work
possessing CPV-2c/a and CPV-2 agrees with the
report of Geng et al. (2015); Fagbohun and
Omobowale, (2018) who stated that viruses
evolve through adaptive mechanism to avoid
host immune attack through antigenic drift
leading to mutation as a result of immune
pressure which can also contribute to vaccine
failure.

Although phylogenetic analysis inferred from
VP2 sequences of CPV vaccines strain
circulating in Nigeria showed close relatedness
to CPV strains of North/South America and
Europe as opposed to those from Asia, there is
limited information on previous phylogenetic
analysis of vaccines from Nigeria. The origin of
vaccine strains from North/South America and
Europe as revealed in this research differs from
that of field strains which were found to be
closely related to Asian strains. This could
attribute to the importation of vaccine from
America and Europe, while most imported dogs
are of Asian lineage.

This study is the first report on comparative
phylogenetic divergence of CPV-2 field and
vaccine strains based on VP2 gene sequence
analysis circulating in North Central Nigeria.
Canine parvovirus 2c was confirmed to be the
most predominant serotype in the study area,
with its presence mostly observed in vaccinated,
local, adult dogs in contrast to CPV-2a. The
divergence in the origin and strain of both field
and vaccine strains of CPV-2 demonstrated in
this study may explain the failure of the vaccine
to protect the dogs, especially against CPV-2c
infection. CPV-2c, previously less common, was
found to infect vaccinated dogs, adult dogs and
local breeds. There are great differences in the
origin and strains of the field and vaccine strains
of CPV-2 in the study area.

Based on the reports from breeders
(respondents), several risk factors have been
identified to be associated with the prevalence of
CPV-2 infection. These factors include CPV-2
vaccination compliance by the breeders,
management system of the kennel such as
feeding patterns, floor patterns, frequency of
cleaning the kennel and the biosecurity measures
adopted by the breeders in their kennels. This
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finding agrees with the report of Emest, (2009)
and Dogonyaro, (2010), Shima et al. (2015a),
Babalola et al. (2016) who stated that the most
effective method of control is vaccination. Non-
compliance with vaccination among some dog
breeders may be due to lack of awareness, the
high cost of the vaccine or the perceived value of
the dogs (Shima et al., 2015a). Curi et al. (2016)
also reported that the control of CPV-2 is
dependent on the cleanliness of the kennel. The
various floor patterns also contribute to the
overall cleanliness in the kennel. Studies have
shown that effective control of CPV-2 infection
in dogs requires a combination of adequate
vaccination, good hygiene and robust biosecurity
measures (Nandi and Kumar, 2010; Chollom et
al., 2013; Shima et al., 2015a, and 2015b).
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