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Introduction

Canine parvovirus (CPV) is a small non-enveloped ssDNA

virus having a genome of approximately 5000 bases that

encodes two structural (VP1 and VP2) and two non-structural

(NS1 and NS2) proteins (Cotmore and Tattershall 1987).

CPV-2 is the most significant viral cause of canine

enteritis responsible for neonatal death in pups (Parrish

1999). It emerged as a potentially fatal and highly conta-

gious viral disease in 1978 (Appel et al. 1979). Few years

after its emergence, CPV-2 was completely replaced by

two antigenic variants designated as CPV-2a and CPV-2b

which is now distributed worldwide (Parrish et al. 1988).

In 2001, a novel CPV mutant with an amino acid substi-

tution at position 426 (Asp fi Glu), called CPV-2c,

emerged in Italy (Buonavoglia et al. 2001). Currently,

CPV-2c is broadly distributed and co-exists with CPV-2a

and CPV-2b types in Europe, Australia, North and South

American countries (Decaro et al. 2007; Spibey et al.

2008). Similarly, CPV types 2a ⁄ 2b, having mutation at

residue 297 (Ser fi Ala) and designated as New CPV-

2a ⁄ 2b, have been reported from various countries includ-

ing India in recent times (Ohshima et al. 2008; Mohanraj

et al. 2010). In Puducherry, southern India, 16 CPV-2a

variants (297 Ser fi Ala) termed as ‘new CPV-2a’

were detected among vaccinated and unvaccinated dog
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Abstract

Aims: To develop a specific and highly sensitive loop-mediated isothermal

amplification (LAMP) technique for the rapid detection of canine parvovirus

(CPV) DNA directly in suspected faecal samples of dogs by employing a simple

method of template preparation.

Methods and Results: LAMP reaction was developed by designing two sets of

outer and inner primers, which target a total of six distinct regions on VP2

gene of CPV. The template DNA was prepared by a simple boiling and chilling

method. Of the 140 faecal samples screened by the developed LAMP and the

conventional PCR assays, 104 samples (74Æ28%) were found positive by LAMP,

whereas 81 samples (57Æ85%) were found positive by PCR. The specificity of

the LAMP assay was tested by cross-examination of common pathogens of

dogs and further confirmed by sequencing. The detection limit of the LAMP

was 0Æ0001 TCID50 ml)1, whereas the detection limit of the PCR was 1000

TCID50 ml)1.

Conclusions: The developed LAMP assay detects CPV DNA in faecal specimens

directly within an hour by following a simple and rapid boiling and chilling

method of template preparation. The result also shows that the developed

LAMP assay is specific and highly sensitive in detecting CPV.

Significance and Impact of the Study: The result indicates the potential useful-

ness of LAMP which is a simple, rapid, specific, highly sensitive and cost-

effective field-based method for direct detection of CPV from the suspected

faecal samples of dogs.
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population (Mohanraj et al. 2010). Recently, 24 new

CPV-2a and two new CPV-2b strains were detected

among vaccinated and unvaccinated dog populations

from 5 different states ⁄ union territories in South India

(Vivek 2011).

Several detection methods have been developed to

detect proteins and nucleic acids of CPV, and many of

these tests are effective and accurate in detecting the virus

infection in laboratory, but they require the use of expen-

sive equipments and are often laborious and time-

consuming. Early and rapid diagnosis is necessary so that

the infected dogs can be isolated to prevent the spread of

the disease and also to administer supportive treatment

to reduce morbidity and mortality. Therefore, a better

detection method would be one that is not only speedy,

accurate and sensitive, but also simple and economical

for its practical field-based applications.

Several PCR-based detection methods for CPV in faecal

samples including PCR–restriction fragment length poly-

morphism (Sakulwira et al. 2001), nested PCR (Hirasawa

et al. 1994) and real-time PCR (Decaro et al. 2005) have

been applied for laboratory diagnosis because of their

sensitivity and specificity. However, these assays require

2–4 h, special equipments and technical expertise. There-

fore, a novel nucleic acid amplification method, termed

loop-mediated isothermal amplification (LAMP), which

amplifies specific DNA sequences under isothermal condi-

tions within 60 min, was developed as a simple, rapid,

specific and cost-effective alternative (Notomi et al.

2000). Specific amplification can be detected by observing

directly the turbidity (Mori et al. 2001), the fluorescence

after adding DNA-binding dyes like propidium iodide

(Hill et al. 2008) or by the presence of ladder-like multi-

ple bands on 2Æ0% agarose gel (Parida et al. 2006).

LAMP technique can be used as a potent field diagnos-

tic test for the detection of CPV as it is less sensitive than

PCR to inhibitory substances present in biological sam-

ples (faeces). This method has been applied successfully

for the detection of porcine parvovirus (Chen et al.

2009), goose parvovirus (JinLong et al. 2010), canine dis-

temper virus (Cho and Park 2005), Leptospira spp. (Lin

et al. 2009), Haemophilus influenzae (Torigoe et al. 2006),

E. coli (Hill et al. 2008), Dirofilaria immitis (Aonuma

et al. 2009), Babesia canis (Muller et al. 2010) and many

other pathogens. Detection of CPV by LAMP having a

detection limit of 0Æ1 TCID50 ml)1 was reported by Cho

et al. (2006), where the extraction kit using DNAzol was

used for template DNA preparation from faecal samples.

The purpose of the study hereby reported was to develop

and evaluate a LAMP technique, for direct detection of

CPV DNA in faecal samples of suspected dogs without

using any DNA extraction kit ⁄ reagents so as to make it eco-

nomical, rapid and a simple field-based technique. Two sets

of highly specific primers were designed and used for the

detection of CPV by LAMP, and the results were compared

with those from a conventional PCR assay.

Materials and methods

CPV strains

CPV-2 vaccine strain (Strain C154; Intervet, India Pvt

Ltd, Pune, India), new CPV-2b vaccine strain (Fort

Dodge Animal Health Inc., KS, USA) and new CPV-2a

and new CPV-2b strains (GenBank Accession nos.

GU139554.1 and JN008393.1, respectively) maintained in

the Department of Veterinary Microbiology, Rajiv Gandhi

College of Veterinary and Animal Sciences, Puducherry,

India, were utilized to develop the LAMP technique.

Designing of LAMP primers

The highly conserved region of the VP2 gene of the CPV

(GenBank Accession no. NC_001539.1) was selected as

the LAMP target for designing four specific LAMP prim-

ers. LAMP primers were designed using the Primer

Explorer version 4.0 http://loopamp.eiken.co.jp/e/: for-

ward inner primer (FIP), backward inner primer (BIP),

forward outer primer (F3) and backward outer primer

(B3). The location and the sequences of the primers are

shown in Fig. 1 and Table 1, respectively.

Extraction of DNA from vaccine ⁄ standard strains

DNA was extracted from CPV strains by a boiling and

chilling method. Approximately 100 ll of supernatant

was taken from the reconstituted cell culture fluid, boiled

at 96�C for 10 min, followed by an immediate chilling in

crushed ice for 5 min and centrifuged at 12 000 g for

10 min. The collected supernatant was stored at )20�C

until further use.

Optimization of LAMP reaction

The template DNA prepared from CPV-2 (Strain C154;

Intervet) was used to optimize the LAMP reaction. LAMP

technique was performed as described by Notomi et al.

(2000). LAMP was performed in 25 ll total reaction vol-

ume containing 2 ll of extracted DNA (template), 1 ll

(40 pmol) each of FIP and BIP, 1 ll (5 pmol) each of F3

and B3, 2Æ5 ll of a 10· ThermoPol reaction buffer, 3Æ5 ll

of 1Æ4 mmol l)1 deoxynucleotide triphosphates, 1Æ5 ll of

8 mmol l)1 MgSO4, 4 ll of 0Æ8 mol l)1 betaine, 1 ll of 8

U Bst DNA polymerase large fragment and 6Æ5 ll of ster-

ile triple distilled water. Except betaine (Sigma-Aldrich,

St Louis, MO), all the other reagents were obtained from
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New England Biolabs (Ipswich, MA, USA) The following

temperatures were tested to determine the optimum reac-

tion temperature for the LAMP reaction: 62, 63, 64 and

65�C, with a termination temperature of 80�C for 2 min.

After confirming the optimum reaction temperature,

reaction times (15, 30, 45 and 60 min) were tested to

determine the most favourable reaction time. Amplified

products were analysed on 2% agarose gel electrophoresis.

Varying concentrations of MgSO4 like 5, 6 and 8 mmol

l)1 were also tried for optimization of LAMP. The posi-

tivity of LAMP reaction was detected initially by the

development of turbidity and the addition of 2 ll of pro-

pidium iodide (1 mg ml)1; Sigma-Aldrich) to LAMP

products followed by the presence of bands in ladder-like

pattern on 2% agarose gel electrophoresis.

Comparison of DNA extraction by DNA isolation kit

with a boiling and chilling method

DNA was extracted from 0Æ25 g of healthy dog faeces

spiked with CPV-2 vaccine strain (strain C154; Intervet,

106Æ5 TCID50) by employing Ultraclean� Faecal DNA isola-

tion kit (Mo Bio laboratories, Inc., Carlsbad, CA) accord-

ing to manufacturer’s instructions and also by the rapid

boiling and chilling method described earlier. Templates

that are diluted (serial tenfold) (10)1–10)7), prepared by

both the methods, were subjected to LAMP assay.

Specificity and sensitivity of LAMP assay

The specificity of the designed LAMP primers was deter-

mined by cross-examination of templates extracted from

canine adenovirus 1 (Indian Immunologicals Ltd), canine

coronavirus (Pfizer Animal Health, New York, USA) and

canine distemper virus (Intervet) vaccines and Leptospira

icterohemorrhagiae (strain RGA; National Leptospirosis

Reference Centre, Regional Medical Research Centre,

Andaman and Nicobar Islands, India). The specificity of

the LAMP assay was further confirmed by bidirectional

custom sequencing of LAMP products by employing

outer primers (F3 and B3). The sequences were analysed

and identified using Blast (http://blast.ncbi.nlm.nih.gov/

Blast.cgi) from the GenBank database. The sensitivity of

the LAMP assay was determined by a tenfold serial dilu-

tion of the CPV-2 strain (strain C154; Intervet, 106Æ5

TCID50) in faecal emulsions obtained from a healthy dog

to resemble the field conditions. The template DNA from

each dilution was prepared in duplicate by applying the

boiling and chilling method and subjected to LAMP and

conventional PCR assays (Buonavoglia et al. 2001).

Collection and processing of faecal samples for LAMP

and conventional PCR

A total of 140 faecal samples were collected from CPV-

suspected dogs from eight different states ⁄ union territo-

ries in India during 2010–2011. Faecal samples were

directly collected from rectum using sterile swabs,

immersed in 1Æ5 ml of sterile PBS, stored at 4�C and

transported as early as possible to the laboratory under

refrigeration. The emulsions were centrifuged at 6000 g

for 15 min at 4�C, and the supernatant was collected and

stored at )40�C until further use. The details of the faecal

samples collected are presented in Table 2.
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Figure 1 Location of primers in VP2 gene of

canine parvovirus (GenBank Accession no.

NC_001539.1) The forward inner primer and

backward inner primer inner primers contain

two distinct sequences (F1c + F2 and

B1c + B2, respectively).

Table 1 Sequence of primers
Primers* 5¢pos 3¢pos Sequence

F3 812 834 5¢ GTAAACCATGTAGACTAACACAT 3¢
B3 1003 1022 5¢ GCACTATAACCAACCTCAGC 3¢
FIP GCTCCTTCAGATTGAGGCAAAGA-CATGGCAAACAAATAGAGCA

BIP GAGTTCAACAAGATAAAAGACGTGG-GGTCTCATAATAGTAGCTTCAGT

*FIP, Forward inner primer. BIP, backward inner primer.
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Template DNA was prepared from all the 140 faecal

samples by the boiling and chilling method as detailed

above. Extracted DNA was subjected to LAMP assay as

described earlier.

Conventional PCR assay

All the 140 faecal samples of dogs suspected for CPV were

also subjected to conventional PCR by using H primers

for amplifying a 630-bp fragment of the VP2 gene encod-

ing capsid protein (Buonavoglia et al. 2001). The template

DNA was prepared by the similar boiling and chilling

method as in LAMP assay, and the supernatant was

diluted 1 : 10 in sterile distilled water to reduce residual

inhibitors of Taq DNA polymerase activity (Decaro et al.

2006).

Statistical analysis

The differences in CPV detection rates by LAMP and

PCR assays were determined by McNemar test. This was

calculated as v2 ¼ ðjr�sj�1Þ2
rþs , d.f. = 1 (r and s are the num-

bers of discordant pairs) (Riffenburgh 2006).

Results

Optimization of LAMP reaction was carried out using

different time–temperature combinations and MgSO4

concentrations. The amplicons that were formed at 62,

63, 64, and 65�C at different time intervals were analysed

on 2% agarose gel electrophoresis. The clearest bands

were detected after incubation at 63�C for 60 min.

Among various concentrations of MgSO4 tried, ladder

pattern was the clearest at 8 mmol l)1 concentration. The

comparative analysis of DNA extraction carried out by

the DNA isolation kit and the boiling and chilling meth-

ods revealed that there is no difference as the templates

got amplified in all the seven dilutions (10)1–10)7).

The LAMP products were initially screened by observ-

ing turbidity (Fig. 2a) and by adding 2 ll of propidium

iodide (1 mg ml)1), a DNA-binding dye to each reaction

tube under ambient and UV light. A change of colour

from reddish orange to pink under ambient light

(Fig. 2b) and fluorescence under UV light by propidium

iodide indicated a positive reaction (Fig. 2c). All the

LAMP products were also subjected to 2% agarose gel

electrophoresis for confirmation. Of the 140 samples

screened by LAMP, 104 samples (74Æ28%) were positive

yielding bands in ladder-like pattern upon 2% agarose gel

electrophoresis. All the 140 samples were also screened by

conventional PCR using H primers, and 81 samples

(57Æ85%) were found as positive yielding 630-bp products

(Fig. 3a,b). McNemar test was performed to compare the

sensitivities of both the assays, and the P value obtained

Table 2 Details of collected samples

Sl. no. State ⁄ Union Territory Place Clinical samples

1 Union Territory of Pondicherry Puducherry 26

2 Tamil Nadu Chennai 9

Coimbatore 6

Tirupur 5

Erode 8

Salem 3

Chengalpattu 3

3 Kerela Palakkad 11

Thrissur 4

Trivandrum 5

4 Andhra Pradesh Hyderabad 6

Tirupati 10

Kakinada 9

5 Karnataka Bangalore 12

6 Uttar Pradesh Bareilly 8

7 Maharashtra Mumbai 3

8 Goa Panaji 12

Total 140

1

(a) (b) (c)

2

+ –
– – –+++++

1 2

21 3 4 5 6

Figure 2 Visual detection of loop-mediated isothermal amplification (LAMP) products by (a) observing white turbidity, tube 1 shows turbidity

which is considered as positive. (b) Addition of propidium iodide in the LAMP reaction tube and observed under ambient light, positive reaction

(tube 2) shows a change of colour to pink, which can be differentiated from reddish orange colour of a negative reaction (tube 1) (c) Addition of

propidium iodide in the LAMP reaction tube and viewed under UV for fluorescence (tube 1-positive control, tube 2 to 4-CPV positive clinical

samples, tube 5-negative clinical sample, tube 6-negative control).
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was <0Æ0001 which suggests that the proportion of posi-

tive results is significantly different for the two assays

(Table 3).

The specificity of the LAMP assay was confirmed using

template DNA prepared from canine adenovirus 1, canine

coronavirus, canine distemper virus and Leptospira ict-

erohemorrhagiae. No amplification products were detected

in the above template DNA, whereas only CPV-2, new

CPV 2a and new CPV 2b strains showed positive reac-

tions (Fig. 4). The specificity of the amplified products

was further confirmed by bidirectional custom sequencing

of the LAMP products by employing outer primers and

the sequences of the amplified products perfectly aligned

with nucleotide sequences of CPV available in GenBank

database (Supporting information Table S1). The sensitiv-

ity of LAMP and PCR assays were determined and com-

pared by subjecting the templates prepared from serially

diluted (tenfold) CPV-2 strain (106Æ5 TCID50 ml)1) in fae-

cal emulsions. The detection limits of LAMP and PCR

assays were 0Æ0001 TCID50 ml)1 and 1000 TCID50 ml)1,

respectively (Fig. 5a,b).

Discussion

CPV is one of the most dreadful diseases in young pups.

Early detection and isolation of the affected animals is

one of the most logical strategies to reduce the risk of

further transmission. The LAMP assay, developed in this

study for direct detection of CPV DNA from suspected

faecal samples, could identify CPV within one hour of

DNA extraction. The boiling and chilling method for

template preparation was as sensitive as the kit method.

The boiling and chilling method for template preparation

adopted in this study was simple, cost-effective, less

labour oriented and less time-consuming when compared

to kit method. The boiling and chilling method of DNA

extraction is easy to perform and can be readily adopted

in clinical laboratories for field diagnosis of CPV infection

by LAMP assay. Nemoto et al. (2011) used a similar tech-

nique for direct detection of equine herpes virus-1 DNA

in nasal swabs of horses. In the present study, of the 140

clinical samples tested, 104 (74Æ28%) and 81 samples

(57Æ85%) were detected positive for CPV by LAMP and

PCR assays, respectively. In an earlier study, Cho et al.

(2006) reported that of the 50 CPV-suspected faecal sam-

ples, 37 (74Æ0%) were positive by PCR, whereas 40 of 50

faecal samples (80Æ0%) were found positive by LAMP.

Chen et al. (2009) compared the detection rates of por-

cine parvovirus by PCR (93Æ6%) and LAMP (97Æ6%) from

125 clinical samples and reported higher detection rate in

LAMP. Decaro et al. (2005) developed a rapid and sensi-

tive real-time PCR assay for detecting and quantifying

CPV-2 DNA in the faeces of dogs with diarrhoea.

1000

1 2 3 4 5 6 7 8 9 10
1 2 3 4 5 6 7

1000

600

300

100

630 bp

300

100

(a) (b)

Figure 3 (a) Screening of canine parvovirus (CPV)-suspected faecal samples by agarose gel electrophoresis of loop-mediated isothermal amplifica-

tion products; Lane 1, negative control (faecal sample from healthy dog); Lanes 2–7, positive samples; Lane 8, negative sample; Lane 9, positive

control (CPV-2); and Lane 10, 100-bp DNA ladder (b) Screening of CPV-suspected faecal samples by agarose gel electrophoresis analysis of PCR

products showing amplification of specific region of VP2 gene (630 bp) using H primers; Lane 1, negative control (faecal samples from healthy

dog); Lanes 2–5, positive samples; Lane 6, positive control (CPV-2); and Lane 7, 100-bp DNA ladder.

Table 3 Comparison of loop-mediated isothermal amplification

(LAMP) and PCR for the detection of canine parvovirus from sus-

pected faecal samples of dogs

PCR

LAMP

Total+ )

+ 81 0 81

) 23 36 59

Total 104 36 140
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However, use of real-time PCR assay is limited because of

cost of instrumentation, cost of enzyme mixes sold by the

machine manufacturers and the cost of reagents especially

fluorogenic probe that is more expensive than the regular

primers (Curry et al. 2002). JinLong et al. (2010) analysed

LAMP and fluorescent quantitative real-time PCR (FQ-

PCR) assay for goose parvovirus infected gosling tissues.

Twenty one of the 30 samples were tested positive, while

nine were negative, based on FQ-PCR and LAMP.

In the present study, significant difference was found

between LAMP and conventional PCR assays for direct

detection of CPV DNA in faecal samples. Bst polymerase

used in LAMP is reported to be more tolerant than Taq

polymerase to inhibitors present in biological materials

like faecal samples (Monteiro et al. 1997; Bakheit et al.

2008). As a simple and cost-effective boiling and chilling

method of template preparation was adopted in this

study, it would have probably resulted in inactivation of

Taq polymerase by faecal inhibitors in certain cases lead-

ing to problems related to sensitivity of PCR assay. More-

over, the size of the amplicon was 630 bp, and a longer

amplicon size would have resulted in false negative result

in few cases as it has been demonstrated by Tilley (2004)

during PCR amplification of wheat sequences from DNA.

LAMP was also found to detect more numbers of positive

cases than PCR for the identification of toxoplasma DNA

(Krasteva et al. 2009), taenid DNA (Nkouawa et al. 2010)

and equine rotavirus in faecal specimens (Nemoto et al.

2010) which corroborates with the findings of the present

study.

The specificity of the LAMP assay developed in this

study was confirmed by the presence of multiple DNA

bands in ladder-like pattern with CPV-2, new CPV-2b

and new CPV-2a strains and the absence of the amplifica-

tion products with the other commonly occurring patho-

gens of dogs like canine adenovirus 1, canine coronavirus,

canine distemper virus and Leptospira icterohemorrhagiae.

The detection limit of the developed LAMP assay was

0Æ0001 TCID50 ml)1 as the virus diluted up to 10)10

revealed the amplified products. On the other hand, the

conventional PCR assay could detect only up to 1000

TCID50 ml)1 of virus (up to 10)3 dilution). Therefore,

the developed LAMP assay was found to be more sensi-

tive in comparison with conventional PCR assay. Similar

higher sensitivity of LAMP over PCR was also reported

by Krasteva et al. (2009) and Nemoto et al. (2010),

whereas Cho et al. (2006) reported the detection limit of

LAMP as 0Æ1 TCID50 ml)1 from CPV-suspected faecal

samples. There are several reports of CPV infection

among vaccinated and unvaccinated dogs from different

parts of India (Chinchkar et al. 2006; Panneer et al. 2008;

Mohanraj et al. 2010). Therefore, the development of a

1 2 3 4 5 6 7 1 2 3 4 5 6 78 9 10

1000

N P M10–5 10–6 10–7 10–8 10–9 10–1010–11 N P M10–1 10–2 10–3 10–4

500

100 1000

600

100

630 bp

(a) (b)

Figure 5 (a) Sensitivity of loop-mediated iso-

thermal amplification assay. Lane 1, negative

control; Lane 2–8 serial dilutions (10)5–

10)11); Lane 9, positive control; Lane 10, 100-

bp DNA ladder, Detection limit up to 10)10

dilution (i.e.) 0Æ0001 TCID50 ml)1 (b) Sensitiv-

ity of PCR assay using H primers. Lane 1, neg-

ative control; Lane 2–5 serial dilutions (10)1–

10)4); Lane 6, positive control; Lane 7, 100-

bp DNA ladder, Detection limit up to 10)3

dilution (i.e.) 1000 TCID50 ml)1.

1 2 3 4 5 6 7 8

Figure 4 Specificity of loop-mediated isothermal amplification assay.

Lane 1, canine parvovirus (CPV)-2; Lane 2, new CPV-2a; Lane 3, new

CPV-2b; Lane 4, Canine coronavirus; Lane 5, Canine adenovirus 1;

Lane 6, Leptospira icterohemorrhagiae; Lane 7, Canine distemper

virus; and Lane 8, Negative control. No amplification was seen in

Lanes 4–7.
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simple, rapid, sensitive, cost-effective and specific diag-

nostic test like loop-mediated isothermal amplification

(LAMP) technique, for direct detection of CPV in faecal

specimens without the elaborate steps involved in tem-

plate DNA preparation, would be a real boon to veteri-

nary clinicians in resource-limited veterinary clinics and

laboratories for effective control of CPV infections in

canines.
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