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			Abstract | Canine parvovirus (CPV) is a deadly, highly contagious viral disease that affects dogs worldwide, causing severe, foul-smelling, often bloody diarrhea, vomiting, and dehydration. This study aimed to compare the currently available diagnostic methods for CPV infection in dogs in Bangladesh and to explore the genetic relationship of local strains through limited phylogenetic analysis. Between October 2020 and March 2021, 47 dogs were clinically diagnosed with CPV infection at the Teaching Veterinary Hospital in Chattogram. Rectal swabs and blood samples were collected from all dogs to perform rapid immunochromatographic (IC) strip test and polymerase chain reaction (PCR)-based molecular testing, respectively. The results showed that 87.2% (95% CI: 74.3%-95.2%) of the dogs tested positive with the IC test, while 85.1% (95% CI: 71.7%-93.8%) tested positive with PCR. The relative sensitivity and specificity of the rapid IC strip tests were reported as 100% (95% CI: 91.2%-100%) and 85.7% (95% CI: 42.1%-99.6%), respectively, indicating excellent agreement (91.1%, 95% CI: 73.8%-100%) with the PCR test. Partial sequencing and preliminary phylogenetic analysis of selected PCR-positive samples revealed a high degree of genetic similarity with strains from India and China. This study provides the first comparison of diagnostic tests for CPV infection in the study area and suggests that further VP2 gene sequencing on a broader scale could offer deeper insights into CPV’s genetic evolution in Bangladesh. 
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			INTRODUCTION

			Canine parvovirus (CPV), a significant cause of disease and death in young dogs for over four decades, remains one of the most widespread enteric diseases globally (Basoglu et al., 2025; Mazzaferro, 2020; Sullivan, 2019). It is a non-enveloped, icosahedral symmetrical single-stranded DNA (ssDNA) virus belonging to the genus Protoparvovirus in the Parvoviridae family (Cotmore et al., 2019), containing a capsid approximately 26 nm in size and about 5,000 nucleotide bases (López-Astacio et al., 2023). The genome consists of a pair of open reading frames (ORFs) encoding two non-structural proteins (NS1 and NS2) and two structural proteins (VP1 and VP2). Among these, VP2 is a key component comprising 90% of the total capsid protein and plays a crucial role in viral pathogenicity and host immune response (Akkutay-Yoldar and Taylan Koç, 2019). According to their surface genes, CPVs are classified into CPV-1 and CPV-2 groups. CPV-2 was designated as the original strain to differentiate it from genetically and antigenically unrelated CPV-1 (also called the minute virus CnMV or MCV) (Goetschius et al., 2021). The virus is transmitted through contaminated feces, causing a high morbidity rate (100%) and a mortality rate of around 10% (Sultana et al., 2016). Factors such as young age (under 5 months), exotic (international) male dog breeds like Spitz, German Shepherds, Labradors, Pomeranian, Alsatians, Rottweilers, Mongrels, and indigenous dogs (local or non-pedigree dog breeds in Bangladesh), lack of vaccination, and dry seasons are linked to CPV infection globally (Islam et al., 2014; Shima et al., 2015; Behera et al., 2015). The disease is characterized by sudden onset of vomiting and diarrhea (often hemorrhagic), fever, loss of appetite, progressive dehydration, lethargy, depression, and in some cases, myocarditis and leukopenia (Goetschius et al., 2021).

			CPV-2 has largely been supplanted by three main variants: CPV-2a, 2b, and 2c (Shima et al., 2015). After 1980, the CPV-2 virus was primarily replaced by the CPV-2a mutant during a global epidemic (Behera et al., 2015; Hao et al., 2022). The CPV-2b variant emerged in 1984 in the United States, followed by CPV-2c in 2000 in Italy, each with a single amino acid change at residue 426 of the VP2 protein compared to CPV-2a (Chen et al., 2024; Decaro and Buonavoglia, 2012; Alam et al., 2021). In most regions of Asia, Europe, and Oceania, CPV-2a dominates, while CPV-2b prevails in Japan, Australia, and New Zealand (Takano et al., 2021; Kwan et al., 2021; Giraldo-Ramirez et al., 2020). Over the past decade, the Asian lineage of CPV-2c has expanded globally, reaching regions such as Africa, the USA, South America, and several European countries (France, Italy, and Germany) except for Colombia and Canada (Franzo et al., 2023; Carrino et al., 2022; Qi et al., 2020). Various strains of this virus have been found in Asian countries, with all three strains identified in Bangladesh and neighboring India (Jayappa et al., 2024; Hasib et al., 2021). Moreover, current studies have raised concerns about parvovirus cross-species transmission, including reports on CPV-like viruses in non-canine hosts, although its zoonotic potential remains unconfirmed and requires further investigation (Chen et al., 2024). 

			Diagnosing CPV based solely on clinical signs is not conclusive, as other infectious agents can also lead to similar symptoms in dogs (Tinky et al., 2015). Traditional diagnostic techniques, such as enzyme-linked immunosorbent assays (ELISA), hemagglutination (HA) tests, and hemagglutination inhibition (HI) tests, are less sensitive compared to molecular techniques like PCR, which offer higher sensitivity and specificity (Decaro and Buonavoglia, 2012). Rapid IC test kits, commonly used in Bangladesh, are cost-effective, easy to perform, and provide quick results. However, their diagnostic reliability remains uncertain without comparison to molecular tools. Several studies in Bangladesh have shown that the proportionate prevalence of CPV enteritis diagnosed via symptomatic diagnosis and rapid IC test kits ranges from 5.8% to 42% (Nızamı et al., 2020; Sen et al., 2016; Roy et al., 2018). In rural or resource-limited veterinary settings, access to molecular diagnostic techniques like PCR is often unavailable due to high costs and lack of laboratory infrastructure, making the use of rapid IC test a practical and essential alternative for timely detection of CPV (Decaro and Buonavoglia, 2012; Tinky et al., 2015). 

			Despite their widespread use, the diagnostic accuracy of rapid IC strip tests has not been systematically compared with molecular methods like PCR in Bangladesh. Most previous studies have relied solely on symptomatic diagnosis or rapid testing without laboratory validation. Therefore, this study specifically addresses this gap by performing a direct, side-by-side comparison of IC strip testing and PCR in the Chattogram region. Furthermore, while the global burden of CPV has been extensively studied, there remain a lack of specific data in the diagnostic accuracy and genetic diversity of CPV strains in Bangladesh. Most local studies lack molecular confirmation or phylogenetic analysis (Hasib et al., 2021; Nizami et al., 2020). As molecular surveillance becomes increasingly essential to track emerging variants (Franzo et al., 2023), this study aims to provide preliminary phylogenetic insights into CPV strains in the Chattogram region.

			MATERIALS AND METHODS

			Study design and data collection

			SAQTVH is one of the largest and most popular referral centers for pet animals in the Chattogram region, receiving a high caseload from diverse area. From October 2020 to March 2021, a cross-sectional study was conducted on dogs brought to SAQTVH at CVASU, Bangladesh, for treatment. A total of 47 sick dogs were included in this study based on five clinical symptoms- (i) fever, (ii) foul-smelling mucoid to hemorrhagic diarrhea, (iii) vomiting, (iv) dehydration, and (v) weakness. Any patient with three or more symptoms was presumptively diagnosed with CPV infection (Mylonakis et al., 2016). A structured questionnaire was designed to gather demographic details, physical measurements, and clinical symptoms of the patients. Dogs that had received antibiotics or vaccinations in the last 10 days not included in the study.

			Sample collection and preservation

			Following proper aseptic procedures, rectal swabs and blood samples were collected from each dog. All swab samples were analyzed within 30 minutes for the rapid IC strip test, and blood samples were immediately placed in an ice bag after collection and transported to the laboratory to store at -20°C for further use.

			Rapid IC strip test

			Following the manufacturer’s instructions, rectal swab samples were tested using a commercial rapid test kit (AddBio CPV/CPV Ag rapid test kit). The samples were mixed with the buffer solution provided with the rapid test kit. After two minutes, three drops of the mixture’s supernatant were placed into the sample hole of the test device. A positive CPV infection was indicated by two red bands displayed in the device’s control (C) and test (T) result windows after 10 minutes. A negative test result was indicated by a single red band in the control (C) result window only.

			DNA extraction and PCR confirmation

			DNA was extracted from the collected blood samples using a DNA extraction kit (DNeasy Blood and Tissue Kits®) following the manufacturer’s instructions. The molecular identification of the virus was performed using PCR with previously published primers. Following DNA extraction, the processed samples were screened with the primer pair CPV-2ab (F) GAAGAGTGGTTGTAAATAATT and 2ab (R) CTATATAACCAAAGTTAGTAC, which amplified a 681 bp fragment of the gene encoding the capsid protein VP2 of both CPV-2a and CPV-2b types (Sharma et al., 2016). The thermal cycling protocol consisted of an initial denaturation at 94°C for 5 min, followed by 30 cycles of denaturation at 94°C for 30 sec, annealing at 55°C for 2 min, and extension at 72°C for 2 min, with a final extension at 72°C for 5 min. The PCR products were run on 1% agarose gel containing 0.5 µg/ml ethidium bromide alongside a 100 bp DNA ladder for electrophoresis. A known CPV-positive control and a negative control were included during each PCR run to validate the test results and ensure the reliability of assay. The migration of the dye was observed to track the progress of the electrophoresis.

			Sequencing and phylogenetic analysis

			Four randomly selected positive PCR samples were partially sequenced using Sanger deoxy sequencing (Macrogen®, Korea) and submitted to NCBI GenBank. Accession numbers were obtained (MW788669, MW788670, MW788671, and MW788672), and phylogenetic tree was constructed using the Maximum-likelihood (ML) method in MEGA version 12, employing the Tamura-Nei (TN93) substitution model (Saitou and Nei, 1987) with gamma-distributed rate variation across sites (using 4 categories). Twenty isolates were selected through BLAST-N search for visualization of the phylogenetic tree. Bootstrap support values based on 1,000 replicates are displayed at the nodes, with values below 50 omitted (Figure 2).

			Statistical analysis

			The agreement between the two diagnostic tests, IC strip test and PCR, was determined using Kappa statistics. The diagnostic performance of the IC strip test was calculated by comparing it with the PCR result. The kappa (κ) value was interpreted as follows: poor (κ = 0), slight (0.01 < κ < 0.20), fair (0.21 < κ < 0.40), moderate (0.41 < κ < 0.60), almost perfect (0.61 < κ < 0.80), and excellent (0.81 < κ < 1.00) (Carrouel et al., 2016).

			RESULTS

			It is worth noting that diagnostic processes in veterinary hospitals are underdeveloped in Bangladesh and mainly rely on presumptive diagnosis based on clinical symptoms. The findings of this study will help determine whether IC strip tests could serve as a valuable tool for diagnosing this viral infection in Bangladesh, where most veterinary hospitals lack the infrastructure for molecular diagnostic techniques. 

			Demographic information

			In our study, the highest prevalence of CPV infection was observed in male dogs (57.4%) younger than six months (55.3%). It was most common in the winter season (61.7%) (November-February), followed by the summer (March-June) and monsoon (July-October) seasons. The disease was relatively higher among indigenous breeds (65.9%) and unvaccinated dogs (76.6%). Factors related to CPV infection in dogs are shown in Table 1.

			Comparison of the diagnostic tests

			Among the 47 tested samples, 87.2% (41/47) (95% CI: 74.3%-95.2%) were positive in the IC strip test. Subsequently, DNA extraction and amplification were carried out using the primer pair. PCR testing revealed 85.1% (40/47) (95% CI: 71.7%-93.8%) positive results for the target 681 bp band size (Figure 1). When compared to the PCR assay as a reference method, the IC strip test demonstrated relative sensitivity and specificity of 100% (95% CI: 91.2%-100%) and 85.7% (95% CI: 42.1%-99.6%), respectively. Furthermore, the Kappa statistics value was 91.1% (95% CI: 73.8%-100%), suggesting significant agreement between the tests (p<0.001) (Table 2).

			Table 1: Factors associated with CPV infection in dogs.

			
				
					
					
					
					
				
				
					
							
							Variable

						
							
							Category

						
							
							Positive (n)

						
							
							Percentage (%)

						
					

					
							
							Age (months)

						
							
							1-6

							7-12

							>12

						
							
							26

							12

							9

						
							
							55.3

							25.6

							19.1

						
					

					
							
							Sex

						
							
							Male

							Female

						
							
							27

							20

						
							
							57.4

							42.6

						
					

					
							
							Breeds

						
							
							Local1

							Exotic2

						
							
							31

							16

						
							
							65.9

							34.1

						
					

					
							
							Season

						
							
							Summer

							Monsoon

							Winter

						
							
							11

							7

							29

						
							
							23.4

							14.9

							61.7

						
					

					
							
							Vaccination

						
							
							Yes

							No

						
							
							11

							36

						
							
							23.4

							76.6

						
					

				
			

			1Local breeds refer to indigenous breed or non-pedigree dog breeds in Bangladesh. 2Exotic breeds refer to international breeds such as Spitz, German Shepherds, Labradors, Pomeranian, Chihuahua etc.

			Table 2: Comparison of the sensitivity and specificity of IC strip test and PCR analysis for detection of CPV.

			
				
					
					
					
					
				
				
					
							
							
							PCR test result 

						
							
							Total

						
					

					
							
							IC strip test result 

						
							
							PCR positive

						
							
							PCR negative

						
							
					

					
							
							IC strip test positive

						
							
							40

						
							
							1

						
							
							41

						
					

					
							
							IC strip test negative

						
							
							0

						
							
							6

						
							
							6

						
					

					
							
							Total

						
							
							40

						
							
							7

						
							
							47

						
					

					
							
							Relative sensitivity

						
							
							100.00%

						
							
							
					

					
							
							Relative specificity

						
							
							85.71%

						
							
							
					

				
			

			1Kappa statistics: Agreement: 91.1% (95% CI: 73.8%-100%); P<0.001. 2Test Performance Metrics: 95% Confidence Interval (CI) for sensitivity (100.00%): 91.2%-100% and for specificity (85.71%): 42.1%-99.6%. 
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			Figure 1: Gel electrophoresis showed 681 bp band size for positive PCR result (Lane M= 100 bp DNA ladder (marker); Lane A-E= Positive field samples showing band at 681 bp; Lane NC= Negative control (No template DNA); Lane PC= Positive Control (known CPV-positive DNA sample).

			Phylogenetic analysis of parvoviruses

			Four isolated samples from Chattogram (MW788669-72) showed genetic similarity with isolates from India (MN661243.1) and China (MT165693.1 and MN519258.1) (Figure 2). This comparison was based on the VP2 genes of the genome of CPV. 
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			Figure 2: Maximum Likelihood phylogenetic tree of canine parvovirus (CPV) based on partial/complete VP2 (capsid protein) nucleotide sequences. Sequences generated in this study (accessions: MW788669, MW788670, MW788671, MW788672) were aligned with representative CPV reference sequences retrieved from GenBank. The tree was constructed by the Maximum Likelihood method implemented in MEGA (version 12) under the Tamura–Nei (TN93) substitution model with gamma-distributed rates among sites (4 categories). Bootstrap support values (from 1,000 replicates) are shown next to the nodes (values <50 are not shown). Sequences from this study are indicated in red triangle.

			DISCUSSION

			CPV infection is widespread in Bangladesh and its neighboring countries, emerging as a growing concern for dog owners in recent years (Sen et al., 2016; Hasan et al., 2016; Chisty et al., 2020). In this study, a higher prevalence of the disease was observed in male dogs (57.4%) and in puppies under six months of age (55.3%), consistent with previously reported studies (Hasib et al., 2021; Chisty et al., 2020; Nahat et al., 2015). After weaning, puppies undergo changes in diet and gut bacteria, leading to an increased mitotic index in intestinal crypt cells. Since the virus targets rapidly dividing cells in the crypts, younger dogs are more vulnerable to CPV (Deka et al., 2013). Behavioral traits in males-such as roaming, territoriality, and frequent sniffing or licking of the perineal areas of potentially infected females, particularly during heat, may also partly increase their risk of exposure (Adeyemo et al., 2024; Deka et al., 2013). Transmission of the CPV virus through feco-oral route is widely recognized as the primary and most significant route (Decaro et al., 2005). Consistent with our findings, many previous studies reported a rise in the CPV cases during the months following November, when relatively low temperatures prevail across the country (Hasib et al., 2020; Nizami et al., 2020; Hasan et al., 2018). Unvaccinated dogs (76.6%) and local (65.9%) breeds were more frequently affected by the disease, which aligns with earlier research (Hasib et al., 2021; Nizami et al., 2020). While this viral disease can be controlled with proper vaccination strategies, it is challenging to implement in Bangladesh due to the large population of stray dogs (Hasan et al., 2024). These stray dogs pose a risk to even vaccinated dogs. 

			Several studies conducted in various locations in Bangladesh have documented the occurrence of the disease in multiple ranges. For instance, Sen et al. (2016) reported prevalence rate of 25% in Dhaka and 18.18% in Chattogram, while Roy et al. (2018) and Hasan et al. (2024) documented a lower prevalence of 13.94% in Dhaka and 6.8% in Sylhet and Dhaka, respectively. A notably higher prevalence was reported in Mymensingh (32%) by Nahat et al. (2015). Recent studies conducted in the Chattogram region have shown a growing prevalence of the disease in dogs. Nizami et al. (2020) documented a peak prevalence of 21.3% in 2016 over a six-year period (2013-2018), whereas Hasan et al. (2018) reported a higher overall prevalence of 42%. Additionally, Hasib et al. (2021) detected CPV-2a, CPV-2b, and CPV-2b at rates of 15%, 20%, and 65%, respectively in Chattogram. In comparison, our research demonstrated the highest prevalence reported to date: 87.2% in IC strip test and 85.1% in PCR. One sample that failed to test positive in the PCR assay may have been influenced by low viral load. Previous studies showed false negative result in the PCR assay suspecting influenced by the inhibitory substances present in the feces (Tinky et al., 2015; Mochizuki et al., 1993). The IC strip test’s sensitivity is consistent with a previous study by Alam et al. (2021), although its specificity is slightly lower than earlier reports (Alam et al., 2021; Deka et al., 2013).

			The current study found that the sequenced samples mainly aligned with CPV-2a. However, following completion of our research work, a separate study by Hasib et al. (2021) reported the circulation of all three strains (CPV-2a, CPV-2b, CPV-2c) in the same region. This may indicate strain variation during outbreaks, with CPV2c, the most pathogenic variant, might have caused the outbreak in the susceptible population. Therefore, evaluating the specific strain could be a valuable step to control further outbreaks of CPV.

			Phylogenetic alignment of our CVASU-strains shows close similarity to recent described new CPV-2a variants from China and India, consistent with previous findings that Bangladeshi CPV isolates share around 90.40% and 89.90% nucleotide homology with Chinese and India strains, respectively (Alam et al., 2021). This genetic similarity suggests possible transboundary movement or a common source of viral variants between Bangladesh, India, and China, underscoring the importance of regional molecular surveillance. 

			Very few studies have been undertaken on the molecular conformation of CPV-2 in dogs in Bangladesh. This study carried out at a major veterinary hospital, involved competent veterinarians and trained students who regularly treat numerous sick animals. Along with molecular characterization, the study compared rapid testing with molecular methods, demonstrating that the rapid testing method is sufficiently sensitive and reliable to diagnose CPV infection in dogs in Bangladesh with minimal resources. 

			Several limitations should be acknowledged. The small sample size, particularly the low number of PCR-negative cases (n=7), limits the precision and generalizability of our estimates for specificity and kappa statistics. The wide confidence intervals further indicate the statistical instability of these estimates. Therefore, the diagnostic performance results presented here should be considered preliminary and future studies involving larger and more diverse sample populations are necessary to validate these findings. It is important to note that the IC strip test was performed on fecal samples, while PCR was conducted on blood samples, and the primers used in the PCR assay were not designed to detect the CPV-2c variant. These methodological differences may have introduced bias in the calculated sensitivity and specificity, potentially underestimating or overestimating the diagnostic performance of the IC test and future studies should run both tests with same samples to obtain clearer diagnostic results. Furthermore, the PCR primer used in the study can detect both CPV-2a and CPV-2b but not the third strain. Due to funding constraints, the scope of real-time PCR and further sequencing was limited. As this study serves as one of the first attempts at combining clinical, diagnostic, and molecular characterization of CPV in Chattogram, it provides valuable groundwork and highlights the urgent need for larger-scale molecular surveillance, including full VP2 gene sequencing and real-time PCR assays capable of distinguishing all three variants. Epidemiological analysis of affected dogs identified multiple factors that play a role in the development of the disease among companion dogs. Additional epidemiological studies will elucidate the major risk factors for disease occurrence.

			CONCLUSION

			In summary, this study provides preliminary evidence supporting the use of rapid IC strip tests as a potentially useful tool for diagnosing CPV infection in resource-limited settings in Bangladesh, particularly when molecular diagnostic methods like PCR are unavailable. The high incidence of CPV-2 infection, particularly among unvaccinated male puppies during the winter months, underscores the need for a targeted vaccination schedule in vulnerable population. The IC strip test showed high sensitivity and agreement with PCR with small sample size which underscore the need for larger-scale studies with more robust comparator methods and variant-specific molecular tools to better validate diagnostic performance. Additionally, partial VP2 gene sequencing indicates genetic similarities of CPV strain between local and neighboring countries, suggesting a need for ongoing molecular surveillance and genomic characterization to inform regional disease control strategies. 
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Abstract | Canine parvovirus (CPV) is a deadly, highly contagious viral disease that affects dogs worldwide, causing
severe, foul-smelling, often bloody diarrhea, vomiting, and dehydration. This study aimed to compare the currently
available diagnostic methods for CPV infection in dogs in Bangladesh and to explore the genetic relationship of
local strains through limited phylogenetic analysis. Between October 2020 and March 2021, 47 dogs were clinically
diagnosed with CPV infection at the Teaching Veterinary Hospital in Chattogram. Rectal swabs and blood samples
were collected from all dogs to perform rapid immunochromatographic (IC) strip test and polymerase chain reaction
(PCR)-based molecular testing, respectively. The results showed that 87.2% (95% CI: 74.3%-95.2%) of the dogs tested
positive with the IC test, while 85.1% (95% CI: 71.7%-93.8%) tested positive with PCR. The relative sensitivity and
specificity of the rapid IC strip tests were reported as 100% (95% CI: 91.2%-100%) and 85.7% (95% CI: 42.1%-99.6%),
respectively, indicating excellent agreement (91.1%, 95% CI: 73.8%-100%) with the PCR test. Partial sequencing and
preliminary phylogenetic analysis of selected PCR-positive samples revealed a high degree of genetic similarity with
strains from India and China. This study provides the first comparison of diagnostic tests for CPV infection in the
study area and suggests that further VP2 gene sequencing on a broader scale could offer deeper insights into CPV’s
genetic evolution in Bangladesh.

Keywords | Canine parvovirus infection, Diagnostic tests, PCR, Phylogenetic analysis, Rapid immunochromato-
graphic (IC) strip test, Chattogram
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