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Abstract
The species Carnivore protoparvovirus 1 includes viruses, e.g. canine parvovirus (CPV-2) and feline panleukopenia virus 
(FPV), which are among the most relevant for pets, causing extremely severe clinical signs and high fatality rate in dogs 
and cats. Moreover, a broad range of wild hosts, including endangered ones, were proven to be susceptible. Currently, no 
data on CPV-2 molecular epidemiology and strain characterization are available in Ethiopia, also considering the frequent 
contacts between domestic and wild populations. In the present study, a molecular epidemiology survey was performed on 
92 fecal samples collected from domestic (n = 84) and stray (n = 8) dogs in southwestern Ethiopia in 2021. Approximately, 
10% of the samples tested positive and the complete VP2 sequences of 5 strains were obtained, classified within the CPV-2a 
(n = 1) and CPV-2c (n = 4) antigenic variants. In most instances, the closest genetic relatives were strains of Chinese origin, 
which is fully compatible with the intense relationships that have been developing between the two countries, involving 
human being travels and their pets as well. Considering the clinical relevance of this infection and the risk it poses to local 
domestic and wild carnivore populations, especially endangered ones, much stronger monitoring and surveillance activity 
on foreign incoming animals should be performed. More strict constraints on animal introduction, e.g. compulsory vaccina-
tion, should also be considered.
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Introduction

Canine parvovirus type 2 (CPV-2) has been recently classi-
fied, together with feline panleukopenia virus (FPV), mink 
enteritis virus (MEV) and racoon parvovirus (RaPV), in the 
species Carnivore protoparvovirus 1, genus Protoparvovi-
rus, family Parvoviridae (Cotmore et al. 2014). It includes 
non-enveloped viruses with a single-stranded DNA genome 
of approximately 5 kb (Paul Reed et al. 1988). Two open 
reading frames encodes for two non-structural proteins 
(NS1-2), involved in viral replication, and three structural 
proteins (VP1-3). In particular, the VP2 protein is the main 

constituent of the viral capsid, is responsible for the viral 
attachment, contributes to the cell and host tropism, and 
is the main target of the host immune response (Parrish 
2010). Evidence of the association between virulence and 
viral phylogenesis, reconstructed based on this segment, has 
been provided (Franzo et al. 2019; Tucciarone et al. 2021). 
Moreover, because of its remarkable genetic variability, VP2 
has been widely sequenced for molecular epidemiology and 
evolutionary studies (Miranda and Thompson 2016; Tucci-
arone et al. 2018). In fact, as other ssDNA viruses, carnivore 
protoparvoviruses are featured by a noteworthy evolutionary 
rate (Hueffer and Parrish 2003), which facilitate them to 
promptly adapt to new environments and especially hosts 
(Shackelton et al. 2005). CPV is assumed to originate from 
FPV or FPV-like virus adaptation to the canine host through 
wild intermediate (Franzo et al. 2017; Hoelzer and Parrish 
2010; Hueffer and Parrish 2003). Further evolution led to 
the emergence of different antigenic variants, namely CPV-
2a, -2b and -2c, which regained the ability to infect cats and 
replaced the original CPV-2 variant. The classification of 
such variants is based on the presence of distinctive amino 
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acids in specific residues of the VP2 protein and does not 
necessarily reflect the ancestry relationship among strains 
(Decaro and Buonavoglia 2012; Tucciarone et al. 2018). 
Besides domestic dogs and cats, FPV, CPV-2 and its anti-
genic variants have been reported in several wild species 
(Steinel et al. 2001).

CPV infection can be responsible for severe clinical 
signs, including vomiting and diarrhoea, in association 
with anorexia, depression and fever. Fluid and protein 
losses through the gastrointestinal tract can lead to severe 
dehydration and hypovolemic shock. Immunosuppression 
develops as a consequence of the direct viral targeting of 
the leucocytes and their progenitor cells. Severe systemic 
inflammatory response syndrome due to bacterial septicemia 
and/or endotoxin absorption through the damaged intestine 
is also common, leading to mortality in untreated subjects 
as high as 91% (Kalli et al. 2010; Otto et al. 1997; Prittie 
2004; Schoeman et al. 2013). It is thus clear that CPV-2 
circulation represents a threat not only to the health and 
welfare of domestic animals but also to wild species and 
the consequences can be especially severe for endangered 
ones, contributing to their population size decline (Alexan-
der and Appel 1994; Sillero-Zubiri et al. 1996). This threat 
becomes particularly relevant when contacts between wild 
and domestic populations, especially unvaccinated ones, are 
frequent and unconstrained. Such a scenario is commonly 
encountered in Africa where outdoor-living or stray pets and 
wild animals, including species of high ecological relevance, 
may come into contact (Butler et al. 2004; Craft et al. 2017; 
Hughes and Macdonald 2013).

CPV-2 presence has been documented in some African 
countries, at high prevalence in diseased dogs (Amrani et al. 
2016; Dogonyaro et al. 2013; Figueiredo et al. 2017; Kapiya 
et al. 2019; Ndiana et al. 2021; Tion et al. 2021; Touihri 
et al. 2009). However, no information is currently available 
from the North-Eastern African regions. Based on these 
premises, an epidemiological study was organized to inves-
tigate and characterize the circulation of CPV-2 in Ethiopian 
domestic and stray dogs.

Material and methods

Sample collection

Ninety-two fecal samples were collected from domestic 
(n = 84) and stray (n = 8) dogs, both healthy and showing 
gastrointestinal signs, in the Jimma town, Ethiopia, in 2021. 
The samples were collected from Hermata, Hermata Men-
tina, Jimma University Veterinary Clinic and Bacho Bore. 
Before sample collection, clinical examination was per-
formed by veterinarians that evaluated general appearance, 
vital signs and performed physical examinations of the dogs. 

Collection sites and dates, as well as the occurrence of clini-
cal signs, were recorded when possible. Collected samples 
were refrigerated until processing. Within 24 h after collec-
tion 1 g of feces was homogenized in 9 ml of PBS and 125µL 
of the obtained solution were applied to FTA (Flinders Tech-
nology Associates)® Cards (Whatman™) and left to dry 
for 30 min at room temperature. At the end of the sampling, 
FTA Cards were delivered to the laboratory of infectious dis-
ease of the dept.MAPS, Padua University, Italy, for CPV-2 
infection diagnosis and molecular characterization.

CPV‑2 diagnosis and sequencing

A 1 cm·0.3 mm strip of FTA Cards was trimmed, put in a 
vial containing 500µL of PBS and incubated at room tem-
perature for 1 h while continuously vortexing. 100 µL of the 
supernatant were collected and extracted using the kit Viral 
DNA/RNA (A&A Biotechnology) according to manufacture 
instruction. An exogenous internal control, provided by the 
QuantiNova Pathogen + IC kit (Qiagen), was added before 
extraction. The viral detection was performed using the same 
kit at the following conditions: 1X QuantiNova Pathogen 
Master Mix, 0.8 µM of forward and reverse primers (CPV-F: 
5’- AAA​CAG​GAA​TTA​ACT​ATA​CTA​ATA​TAT​TTA​-3’ and 
CPV-R: 5’- AAA​TTT​GAC​CAT​TTG​GAT​AAACT-3’), and 
0.25 µM of probe (FAM-TGG​TCC​TTT​AAC​TGC​ATT​AAA​
TAA​TGT​ACC​ -BHQ1). 1X QuantiNova IC Probe Assay 
was also included in each reaction. Biology grade water was 
added up to a final value of 10 µl. The following thermal 
protocol was used: 2 min at 95 °C followed by 45 cycles at 
95 °C for 5 s and 60 °C for 30 s. Fluorescence was acquired 
at the end of the extension phase.

Complete VP2 sequencing was attempted on all positive 
samples using the protocol described by Tucciarone et al. 
(2018). Sanger sequencing was performed at Macrogen 
Europe (Amsterdam, The Netherlands).

Sequencing analysis

Chromatogram quality was evaluated using FinchTV (http://​
www.​geosp​iza.​com) and consensus sequences were assem-
bled with ChromasPro (ChromasPro Version 2.0.0, Tech-
nelysium Pty Ltd). The obtained sequences were compared 
to the complete dataset of CPV-2 and FPV VP2 sequences 
downloaded from Genbank (accessed 15/02/2022). When 
available, collection country, host and date were annotated 
(Supplementary data). All sequences were aligned using 
MAFFT (Standley 2013), recombination occurrence was 
evaluated using RDP4 (Martin et  al. 2015) and GARD 
(Kosakovsky Pond et al. 2006) and a Maximum Likelihood 
phylogenetic tree was reconstructed using IQ-Tree (Nguyen 
et al. 2015), selecting as the best substitution model the one 

http://www.geospiza.com
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with the lowest Bayesian Information Criteria (BIC), calcu-
lated with the same software.

Results

Infection frequency

Twenty-one out of 92 samples (22.83%; 95CI: 
14.72–32.75%) were obtained from diseased animals. Over-
all, 10 samples tested positive (10.87%; 95CI: 4.51–17.23%). 
Of those, 3 were collected from apparently healthy subjects 
(2 domestic and 1 stray dog) while the remaining from dogs 
with diarrhoea (n = 3) or bloody diarrhoea (n = 4). The Cq 
was lower in clinically diseased subjects (mean = 26.78; 
sd = 5.1) compared to healthy ones (mean = 35.41; 
sd = 1.41). Five complete VP2 sequences were obtained, all 
originating from diseased subjects (Table 1).

Sequence analysis

All sequenced strains were classified as CPV-2. No recom-
bination event was detected in the considered region.The 
mean genetic distance was 0.3% (maximum 1%) while the 
mean amino acid distance was 0.5% (maximum 1.1%). Dif-
ferent amino acids were observed at VP2 residues 5, 267, 
370, 426 and 440 (Table 1). Based on amino acid 426, strain 
16d, 17d, 18b and 18c were classified as CPV-2c while 18a 
as CPV-2 or CPV-2a. However, the analysis of other amino 
acid markers (i.e. amino acid 297) allowed its classifica-
tion as new-CPV-2a (Decaro and Buonavoglia 2012). The 
phylogenetic analysis, based on genetic relationships, and 
thus depicting ancestry relationships, rather than on pheno-
type, confirmed such classification and the close clustering 
of 16d, 17d, 18b and 18c, as opposed to 18a. Regardless of 
the classification in antigenic variants, most of the strains 
with the closest genetic relationship with the Ethiopian ones 
were collected in China, although variants sampled in other 
Asian, but also African, countries were occasionally part of 
the same clusters (Fig. 1).

Discussion

The present study describes, for the first time, the direct 
detection and genetic characterization of Carnivore pro-
toparvovirus 1 in Ethiopia, supporting previous serological 
evidences and complementing the knowledge of canine par-
vovirus circulation in Africa (Laurenson et al. 1998; Ogbu 
et al. 2020). As expected, being samples originating from 
dogs, all identified strains were CPV-2. Detection frequency, 
although not negligible, was significantly lower compared to 
what was reported in other African countries where CPV-2 Ta

bl
e 

1  
S

um
m

ar
y 

of
 si

gn
al

m
en

t a
nd

 c
lin

ic
al

 d
at

a 
av

ai
la

bl
e 

fo
r E

th
io

pi
an

 d
og

s w
ho

se
 C

PV
-2

 st
ra

in
s c

ou
ld

 b
e 

se
qu

en
ce

d.
 M

ai
n 

ph
en

ot
yp

ic
 fe

at
ur

es
 h

av
e 

al
so

 b
ee

n 
re

po
rte

d

Va
ria

bl
e 

A
A

 p
os

iti
on

s

Sa
m

pl
e 

C
od

e
Lo

ca
tio

n
Sp

ec
ie

s
St

at
us

Se
x

A
ge

Sa
m

pl
e 

So
ur

ce
C

lin
ic

al
 S

ig
n

C
PV

-2
 C

q
A

cc
.N

um
be

r
5

26
7

29
7

37
0

42
6

16
D

C
lin

ic
D

og
D

om
es

tic
F

Yo
un

g
Fe

ca
l

B
lo

od
y 

D
ia

rr
ho

ea
28

,2
3

O
M

93
78

42
G

Y
A

R
E

17
D

C
lin

ic
D

og
D

om
es

tic
M

Yo
un

g
Fe

ca
l

D
ia

rr
ho

ea
21

,6
7

O
M

93
78

43
G

Y
A

R
E

18
A

C
lin

ic
D

og
D

om
es

tic
M

Yo
un

g
Fe

ca
l

D
ia

rr
ho

ea
20

,9
6

O
M

93
78

44
A

F
A

Q
N

18
B

C
lin

ic
D

og
D

om
es

tic
M

Yo
un

g
Fe

ca
l

D
ia

rr
ho

ea
23

,2
9

O
M

93
78

45
G

Y
A

R
E

18
C

C
lin

ic
D

og
D

om
es

tic
M

Yo
un

g
Fe

ca
l

B
lo

od
y 

D
ia

rr
ho

ea
28

O
M

93
78

46
G

Y
A

R
E



978	 Veterinary Research Communications (2023) 47:975–980

1 3

presence was investigated, like Mozambique, Morocco, 
Nigeria, Tunisia, South Africa and Zambia (Touihri et al. 
2009; Dogonyaro et al. 2013; Amrani et al. 2016; Figueiredo 
et al. 2017; Kapiya et al. 2019; Ndiana et al. 2021; Tion et al. 
2021). However, it must be stressed that in those studies, 
only clinically diseased subjects were considered while a 
relevant percentage of apparently healthy dogs was included 
in the present one. If only dogs with enteric signs are con-
sidered, the infection frequency (i.e. 7 out of 21; 33%; 95CI: 
14.59–56.97%) becomes comparable with the results of pre-
vious studies from other countries.

However, CPV-2 was detected also in healthy subjects, 
albeit at higher Cq, suggesting an asymptomatic infection 
or an incubation/convalescent carrier status. A potential 
vaccine strain detection can be confidently been excluded 
since no vaccination protocol is currently applied in Ethio-
pia. All tested stray dogs were negative, with only one 
exception represented by one, low-titer, asymptomatic 
subject, which could suggest a minor role of these popu-
lations in CPV-2 epidemiology. Nevertheless, the limited 
sample size of the present study and potentially uncon-
sidered biases prevent any definitive conclusion. Thus, 
further and more extensive studies, should be performed 
to evaluate the epidemiological role of stray dog popula-
tions in Ethiopia.

Sequence analysis demonstrated the presence of two 
antigenic variants, CPV-2a and CPV-2c, with the latter 
being the most frequently identified. Such finding supports 
the heterogenicity of CPV-2 variants distribution in Afri-
can countries since different regions and continents were 
demonstrated to host a different combination of antigenic 
variants, at a different frequency (Touihri et al. 2009; Dog-
onyaro et al. 2013; Amrani et al. 2016; Figueiredo et al. 
2017; Kapiya et al. 2019; Ogbu et al. 2020; Ndiana et al. 
2021; Tion et al. 2021). The reason behind this pattern 
is hard to be identified. Nevertheless, political, historical 
and economic reasons have shaped the relationship of dif-
ferent African countries with foreign ones that, in turn, 
display their peculiar molecular epidemiology (Miranda 
and Thompson 2016; Figueiredo et al. 2017; Tucciarone 
et al. 2018; Kapiya et al. 2019).

As described in Nigeria (Ndiana et al. 2021), the CPV-
2a strain displayed the Ala-297 substitution, typical of 
viruses that have been designated as ‘‘new CPV-2a’’ 
(Decaro and Buonavoglia 2012; Hu et  al. 2020). The 
comparison with available CPV-2 sequences highlighted 
a close relationship of all considered strains with Chinese 
ones. A strong economic connection has been developing 
between Ethiopia and China, with several Chinese busi-
nessmen travelling between the two countries or moving 

Fig. 1   Maximum likelihood phylogenetic tree reconstructed based 
on the complete VP2 sequence of CPV-2 strains. In the right inserts, 
the clades including the CPV-2 strains sequenced in the present study 

(red circles) have been magnified. The collection host, country and 
year are reported for these sequences
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to Ethiopia, sometimes along with their pets (Cabestan 
2012; Cook et al. 2016). A consistent epidemiological 
link can thus be expected and explained. Nevertheless, 
because of the limited data availability, particularly from 
Africa, other sources of viral introduction and spread-
ing patterns cannot be excluded. In fact, variants with a 
certain genetic relationship were also detected in other 
Asian countries but also in African ones and CPV-2 is 
well known to have experienced a remarkable spreading 
over time involving different migration paths (Tucciarone 
et al. 2018; Mira et al. 2019; Balboni et al. 2021). If these 
or other countries played a role in the viral introduction to 
Ethiopia or simply shared a common importation source 
will require further investigations (Tucciarone et  al. 
2018; Ogbu et al. 2020; Balboni et al. 2021). The com-
plete genome sequencing, instead of the VP2 only, could 
also allow a better discrimination of the viral migration 
paths. The strain clustering has sometimes been reported 
to slightly differ between complete genome and VP2-
based analysis, potentially due to intergenic recombina-
tion events or convergent evolution masking the actual 
phylogenetic relationships. Therefore, although VP2-
based analysis can be considered a good approximation 
of viral history and migration, it more formally represents 
a reconstruction of the gene flow and evolution over time 
and should thus be critically interpreted.

Considering the clinical relevance of CPV-2 infection 
and the risk it poses to local domestic and wild carnivore 
populations, especially endangered ones, much stronger 
monitoring and surveillance activity on foreign incoming 
animals should be performed. More strict constraints on ani-
mal introduction, e.g. compulsory vaccination, should also 
be considered. While a clear association between antigenic 
variants and clinical and epidemiological relevance is still 
debated, some evidence suggests an association between 
strain genetic features and virulence (Franzo et al. 2019). 
Therefore, more intense monitoring of CPV-2 characteriza-
tion from a molecular/antigenic perspective, as well as the 
comparison among different countries over time should be 
performed.

In this sense, further studies would be of interest to inves-
tigate the occurrence of CPV-2 infection in wild animals and 
their relationship with local and foreign strains.
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