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INTRODUCTION

Orf virus (ORFV), a member of the parapoxviruses, is 
the cause of papular dermatitis or contagious ecthy-

ma or contagious papular dermatitis in sheep and goats 
reported globally (Hosamani et al., 2009) and the disease 
is also zoonotic causing local macula-papular lesions in 
humans by direct contact with infected animals (Leder-
man et al., 2007). This endemic disease incurs economic 
losses by causing severe morbidity in adults and mortality 
in young ones affecting farming community in India. In-

creasing number of reports of contagious ecthyma in sheep 
and goats has been noticed worldwide recently (Abrahao 
et al., 2009; Chan et al., 2007; Guo et al., 2004; Hosamani 
et al., 2006; Mondal et al., 2006; Venkatesan et al., 2011; 
Zhao et al., 2010) and first time, in north eastern region of 
the country (Bora et al., 2012), indicating circulation of the 
virus and also the heterogeneity was reported in the Indian 
strains (Yogisharadhya et al., 2012). 

Orf can easily be diagnosed based on clinical signs. How-
ever, the confounding clinical lesions similar to other vi-
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ral diseases such as foot and mouth disease and capripox 
demand laboratory confirmation by electron microscopy 
(EM), histopathology, specific serological tests such as Se-
rum neutralization test (SNT), Complement fixation test 
(CFT), Enzyme linked immunosorbent assay (ELISA) 
and recently nucleic acid based assays namely polymerase 
chain reaction (PCR) (Inoshima et al., 2000; Bora et al., 
2011) and real-time PCR (Gallina et al., 2006; Nitsche et 
al., 2006; Bora et al., 2011; Venkatesan et al., 2012). The 
conventional diagnostic approaches are labour intensive, 
time consuming and subjective in nature whereas, the PCR 
and real-time PCR methods are used for rapid diagnosis 
of ORFV. However, they demand technical expertise and 
equipment in resource limited field/rural diagnostic cen-
tres in developing countries. In recent past, the invention 
of the Loop mediated isolthermal amplification (LAMP) 
technique that can rapidly amplify nucleic acids with high 
specificity and sensitivity under isothermal conditions has 
overcome the pitfalls associated with above mentioned 
molecular diagnostics (Notomi et al., 2000). LAMP assay 
has been widely used in the detection of array of patho-
gens including viruses, bacteria and parasites (Parida et al., 
2008). In this study, the LAMP assay targeting the B2L 
gene of ORFV genome has been optimized and evaluated 
for the detection of ORFV isolates and clinical samples us-
ing visual detection approaches namely presence of turbid-
ity, addition of hydroxynaphthol blue (HNB) and SYBR 
green I. These methods have been compared in terms of 
safety, cost and ease of detection of LAMP reaction as 
an alternate to agarose gel analysis which may cause con-
tamination of LAMP reaction setting by aerosolization of 
previous reaction products during post LAMP reaction 
analysis.

MATERIALS AND METHODS

viruses anD cells
Orf virus Mukteswar 59/05 (Vaccine strain) is used for 
optimization of B2L gene based ORFV LAMP. Other 
ORFV isolates (n=07) and non-ORFV isolates (n=08) 
such as sheeppox virus (SPPV) and goatpox virus (GTPV) 
were also tested to analyze the specificity of the assay. Oth-
er viruses of small ruminants such as Peste des petits ru-
minant’s virus (PPRV) and bluetongue virus (BTV) were 
used in checking the specificity of the assay. ORFV was 
propagated in primary lamb testes (PLT) cells, while other 
viruses in Vero cells using Eagle’s minimum essential me-
dium (EMEM) with 2% bovine calf serum. The infected 
cells were harvested after 80% cytopathic effect (CPE) us-
ing phosphate buffered saline (PBS, pH 7.2) for extraction 
of total viral genomic DNA. A total of 41 samples consist-
ing of infected scab materials and virus isolates of different 
geographical origin were analysed by LAMP assay detect-
ed based on agarose gel analysis, presence of turbidity, ad-
dition of SYBR green I and HNB dyes and also the rate of 

detection by LAMP and conventional PCR was compared. 
Clinical samples as 10% tissue homogenates and the har-
vested cell culture isolates were used for extraction of viral 
genomic DNA using a commercial DNA extraction kit 
as per manufacturer’s protocol (AuPrep, Life technologies 
Pvt. Ltd., New Delhi, India).

DesiGninG of lamp primers
Sequences of B2L gene of 25 ORFV virus isolates re-
trieved from GenBank were analyzed for conserved region 
using MegAlign program of DNASTAR version 6.0 of 
Lasergene software. The LAMP primers were designed 
using Primer Explorer V4 software based on a conserved 
region of the B2L gene identified by sequence alignment 
report. The inner, outer and loop primers were synthesized 
commercially (M/s Metabion GmBH, Germany). The lo-
cation of all the primers targeting B2L gene in the genome 
is shown in Figure 1. The amplified region lies between 
nucleotide positions of 431 and 622 with a predicted am-
plicon size of 192 bp. Out of 6 primers, the outer primers 
F3 and B3 were used in conventional PCR to compare 
LAMP assay. The details of designed primers are men-
tioned in Table 1.

Table 1: List of primers used for detection of ORFV in 
LAMP assay

Primer 
name

Type Length Sequence (5’-3’)

ORFV 
B2L F3

Forward outer 20 GCGAGTCCGAGAA
GAATACG

ORFV 
B2L B3

Backward outer 19 TCAAGAACCTCGG
GCTCTA

ORFV 
B2L FIP

Forward 
inner primer 
(F1c-F2)

19 (F1c)
16 (F2)

GCTCTGCTGTGCC
GTCGTC-TTTT-
CCCCCGGAGTG-
GTTGA

ORFV 
B2L BIP 

Backward inner 
primer (B1-
B2c)

19 (B1)
18 (B2c)

CGCGTGAACGGC
ACCTTCG-
TTTT-CTGGCCTG-
GGACCTCATG

ORFV 
B2L LF 

Loop forward 
primer

19 CACGGCCACGAA
CTTCCAC

ORFV 
B2L LB

Loop backward 
primer

22 GGAGTAGAAGGT
GTTGTAGCGG

Optimization of LAMP and Conventional PCR Assays
To optimize the standard conditions for LAMP, initial-
ly reaction was performed in different temperatures (60-
65ºC) for varying time periods (15-60 min at 15 min in-
tervals) in a 25 µL volume using purified ORFV genomic 
DNA (100ng), 1X ThermoPol buffer (New England Bio-
labs, Sumido, Tokyo, Japan), 8.0 mM MgSO4 (New Eng-
land Biolabs, Japan), 0.8M Betaine (Sigma, USA), 0.8 mM 
dNTPs, 8U Bst polymerase large fragment (New England 
Biolabs, Sumido, Tokyo, Japan), 0.2 µM of each of the F3 
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and B3 primers, 1.6 µM of each of the FIP, BIP, LF and 
LB primers. After the end of LAMP, the reaction was ter-
minated at 80ºC for 2 min as per standardardized protocol 
mentioned earlier (Venkatesan et al., 2012) and checked in 
2.5% agarose gel.

Figure 1: The location of LAMP primers in ORFV genome 
targeting B2L gene

Gel based conventional PCR was optimized at different 
annealing temperature (50-60°C) and the reaction was 
performed in a 25 µL reaction containing 0.4 picomole as 
final concentration of each primer (F3 and B3 primers of 
B2L LAMP), 2.5 µL of the 10x buffer (Fermentas, USA), 
10 mM/µL each dNTPs, and 1IU of Taq DNA polymerase 
(M/s Fermentas, USA) using purified viral gDNA. Opti-
mum PCR amplification was achieved by initial denatura-
tion at 95° C for 5 min followed by 35 cycles each included 
denaturation step at 94°C for 30 s, annealing step at 55°C 
for 30 s and extension step at 72°C for 30 s with a final 
extension step at 72°C for 7 min was included. Amplified 
product was cloned into pGEMT easy vector (Promega, 
Madison, USA) and standard plasmid construct made to 
analyse the detection limit of LAMP and conventional 
PCR assays.

sensitivity anD specificity of lamp
Total genomic DNA extracted from SPPV (n=5), GTPV 
(n=3), camelpox virus (CMLV, n=03), buffalopox virus 
(BPXV, n=5) isolates available at the laboratory, mock in-
fected PLT and Vero cells were included to determine the 
analytical specificity of the LAMP assay for ORFV. No 
template control (NTC) was also included as negative con-
trol in each test. To analyse the detection limit of LAMP 
and conventional PCR assays, the standard plasmid was 
diluted serially by 10 fold in Tris EDTA buffer (9x109 to 
9x100 copies/µL) and checked in both assays using opti-
mized conditions. The resultant products were checked in 
2.5% agarose gel stained by ethidium bromide (EtBr). Ad-
ditionally, the LAMP reaction was monitored by SYBR 
green I to know the sensitivity of the assay.

visual Detection of lamp
In addition to EtBr stained agarose gel analysis of LAMP 
reaction, the alternate detection methods as a safe, simple 

and sensitive, point of care strategy were also optimized. 
The simple visual detection methods of LAMP based on 
presence of turbidity due to accumulation of magnesium 
pyrophosphate after reaction completed, colour change due 
to addition of SYBR green (original orange colour changes 
to apple green in positive reaction) and HNB (violet to sky 
blue in positive reactivity) dyes at the end of reaction were 
employed. All the three methods were optimized using 
different concentration of MgSO4 (New England Biolabs, 
Japan) responsible for turbidity formation, SYBR green I 
and HNB dyes to arrive at clear cut differentiation of pos-
itive and negative LAMP reaction.

evaluation of lamp assay
A total of seven (n=07) cell culture isolates of ORFV and 
thirty four (n=34) suspected clinical materials in the form 
of skin lesions from different parts of the country were 
included to compare the LAMP and conventional PCR 
under this study. All the isolates and samples were tested 
by LAMP assay monitored by agarose gel analysis and si-
multaneously by conventional PCR optimized under this 
study to arrive at the rate of positive detection of ORFV. 
A total of thirty five (n=35) ORFV positive samples 
identified by LAMP in agarose gel anlayis was used for 
comparative evaluation of three visual detection methods 
among themselves. To evaluate relative diagnostic specific-
ity (Dsp) and sensitivity (Dsn) of LAMP assay, a total of 
twenty known positive samples which includes cell culture 
isolates and some positive clinical samples and also twen-
ty known negative samples for ORFV were screened by 
LAMP while keeping semi-nested PCR (Inoshima et al., 
2000) as golden standard test.

RESULTS 

optimization of lamp anD conventional pcr
The B2L gene based ORFV LAMP method shown bright-
er and most distinct bands of different sizes (ladder-like 
pattern) in agarose gel analysis (Figure 2A) at optimized 
conditions. The reaction was performed at 65ºC incubation 
for 45 min in a 25 µL reaction volume containing 12.5 µL 
of 2x reaction buffer [40 mM Tris HCl, 20 mM KCl, 16 
mM MgSO4, 20 mM (NH4)2 SO4, 0.2% Tween 20, 1.6 
M Betaine, 1.6 mM each dNTP], 1.0 µL of primer mix-
ture containing 1.6µM each of FIP, BIP, LF and LB prim-
ers and 0.2 µM each of F3 and B3 primers, 8U of Bst DNA 
polymerase, 1 µL of target DNA and 8.2 µL of nuclease 
free water. The conventional PCR using F3 and B3 primers 
shown specific amplicon of 192 bp in size at an anneal-
ing temperature of 55ºC for 30 sec as expected. The PCR 
product length was confirmed by commercial sequencing.

sensitivity anD specificity of lamp assay
Agarose gel electrophoresis indicated that ORFV-LAMP 
primers did not react with GTPV and SPPV whereas it 
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Table 2: Evaluation of PCR and B2L LAMP on clinical samples and comparative sensitivity of three visual detection 
methods

S No. Sample ID, Type of sample, Place of Collection, Date of 
collection PCR

LAMP detection methods
AGA Turbidity SYBR green I HNB

1 9/06, Goat scab, Jammu and Kashmir, India/06 - - NA NA NA
2 1/06, Goat scab, Jammu and Kashmir,, India/06 - - NA NA NA
3 SP17,Goat scab, Jammu & Kashmir, India/07 - + + + +
4 82/04,Goat scab, Sahjahanpur, Uttar Pradesh, India/04 + + + + +
5 12/06, Goat scab, Orissa, India/06 + + + + +
6 13/06, Goat scab, Orissa, India/06 + + + + +
7 SP51, Goat scab, Palampur, Himachal Pradesh, India/08 - + + + +
8 20/06, Goat scab, Palampur, Himachal Pradesh, India/06 + + + + +
9 SP26, Goat scab, Gujarat, India/06 + + + + +
10 89/05, Mouth lesion, Goat, Bangalore, Karnataka, India/05 + + + + +
11 VSP68/1,Sheep scab, Tamil Nadu, India, 22.02.08 + + + + +
12 143/05,Sheep scab, VBRI, Hyderabad, AP, India, 23.05.05 + + + + +
13 VSP5M/14,Goat scab, Hyderabad, AP , India/08 - - NA NA NA
14 VSP5M/15,Goat scab, Hyderabad, AP, India/08 - - NA NA NA
15 40/06 Goat Scab, Bhopal, Madhya Pradesh/06 + + + + +
16 41/06, Goat Scab, Bhopal, Madhya Pradesh, India/06 + + - + +
17 42/06, Goat Scab, Bhopal, Madhya Pradesh, India/06 + + + + +
18 50/06, Goat scab, Ludhiana, Punjab, India/06 + + + + +
19 51/06, Goat scab, Ludhiana, Punjab, India/06 + + - + +
20 52/06, Goat scab, Ludhiana, Punjab, India/06 + + + + +
21 53/06, Goat scab, Ludhiana, Punjab, India/06 + + + + +
22 54/06, Goat scab, Ludhiana, Punjab, India/06 + + + + +
23 55/06, Goat scab, Ludhiana, Punjab, India/06 + + + + +
24 25/06, Goat scab, VBRI, Hyderabad, AP, India/06 - - NA NA NA
25 AJM08/1, Goat scab, Ajmer, Rajasthan, India/08 - - NA NA NA
26 VSP8/09/3, Goat scab, Alwar, Rajasthan, India/08 + + + + +
27 VSP8/09/4, Goat scab, Alwar, Rajasthan, India/08 + + + + +
28 VSP8/09/5, Goat scab, Alwar, Rajasthan, India/08 + + + + +
29 59/05, Goat Scab, Mukteswar, uttarakhand, India/5 + + + + +
30 71/09, Sheep scab, Mukteswar, Uttarakhand, India/09 + + + + +
31 61/09, Sheep scab, Mukteswar, Uttarakhand,India/09 + + + + +
32 48/09, Sheep scab, Mukteswar, Uttarakhand, India/09 + + + + +
33 83/09, Sheep scab, Mukteswar, Uttarakhand, India/09 + + + + +
34 47/09, Sheep scab, Mukteswar, Uttarakhand, India/09 + + + + +
35 ORFV 79/04 + + + + +
36 ORFV Assam + + + + +
37 ORFV Bangalore + + + + +
38 ORFV Bhopal + + + + +
39 ORFV VBRI, Hyderabad + + + + +
40 ORFV Gujarat + + + + +
41 ORFV Mukteshwar/09 + + + + +

No. of positive/total sample tested 33/41 35/41 33/35 35/35 35/35
Note: AGA: Agarose gel analysis; NA: not applicable
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shown positive reaction only with ORFV isolates (Figure 
2A). The assay did not react positive with other pox virus-
es (BPXV and CMLV) and also other viruses of sheep 
and goats (PPRV and BTV). The visual colorimetric de-
tection of LAMP by using HNB & SYBR Green I dyes 
have shown also similar kind of results to that of agarose 
gel analysis (Figure 2B and C) and it was also monitored 
by presence of turbidity in reaction mix. The analytical 
sensitivity of the assay indicated that the detection limit 
of ORFV-LAMP was 9 copies/µL and is 10 times higher 
than that of conventional PCR (90 copies/µL). The sensi-
tivity of LAMP reaction tested by adding SYBR green I 
dye indicated a similar range of sensitivity and was consist-
ent to agarose gel electrophoresis (Figure 3). 

Figure 2: The analytical specificity of LAMP assay using purified 
viral DNA for detection ORFV 
(A) 2.5% agarose gel electrophoresis showing positive reaction 
for ORFV Muk (59/05)(Lane 1) and no such signal for SPPV 
and GTPV (Lane 2-3) and no template control (Lane 4);         
(B) SYBR green I dye showing colour change (Orange to apple 
green) in Tube 1 and negative controls (Tube 2-4) and (C) HNB 
dye showing colour change (violet to sky blue) in Tube 1 and 
negative controls (Tube 2-4)

visual Detection of lamp reaction
Three naked eye visualization methods for detection of 
positive LAMP reaction were optimized by using different 
concentration of MgSO4, SYBR green I (10,000X) and 
HNB (3mM) stock reagents. At a concentration of 0.8 
mM MgSO4, 1: 100 of SYBR green I original stock and 
120µM of HNB dye, positive LAMP reaction had shown 
an appreciable amount of turbidity, visible colour change 
from orange to apple green and violet to sky blue respec-
tively and there was clear cut difference between positive 
and negative LAMP reaction for ORFV. 

Figure 3: The analytical sensitivity of LAMP using 10 fold 
serially diluted plasmid DNA 
(A) 2.5% agarose gel analysis showing LAMP reaction up to 
Lane 9 (9x101 copies); (B) Addition of SYBR green I showing 
color change up to Tube 9 (9x101 copies); (C) 2% agarose gel 
electrophoresis showing specific amplification of target gene up 
to Lane 8 (9x102 copies)

evaluation of lamp assay
All the ORFV isolates were detected positive by conven-
tional PCR and LAMP assay based on all detection meth-
ods (EtBr staining of agarose gel, turbidity, colour change 
due to addition of SYBR green and HNB). The result of 
successful detection of ORFV isolates by LAMP is shown 
in Figure 4A. The conventional PCR had shown 33 out 
of 41 clinical samples as positive whereas, LAMP assay 
indicated a total of 35 out of 41 as positive for ORFV. 
The results of selected clinical samples tested by LAMP in 
agarose gel analysis are shown (Figure 4B). The percentage 
positivity of the PCR and the LAMP assays were 80.5% 
and 85.3% respectively. Further, the detection rate of three 
visual detection methods were 94%, 100% and 100% re-
spectively for turbidity, addition of SYBR green I and 
HNB dyes on these positive samples (n=35) when com-
pared to EtBr stained agarose gel analysis as standard. The 
relative DSp and DSn of the developed LAMP assay were 
found to be 100 % (20/20x100) and 100 % (20/20x100) re-
spectively when compared to B2L gene based nested PCR 
(Inoshima et al., 2000).
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Figure 4: The ORFV B2L LAMP showing positive amplification 
of ORFV isolates (A) and selected clinical samples (B) using 
optimized conditions in 2.5% agarose gel electrophoresis

DISCUSSION

A rapid, highly sensitive and specific detection strategy for 
ORFV with ease of visualization of results will be a point 
of care diagnosis to overcome drawbacks associated with 
conventional and molecular diagnostic approaches (Parida 
et al., 2008). The developed ORFV LAMP targeting B2L 
gene under this study had shown optimum amplification 
within 45 min with high specificity and sensitivity. The de-
veloped LAMP was found highly specific for ORFV as 
there was no reactivity with capripox and also orthopox 
viruses. The improved specificity and consistent results of 
LAMP rely on binding of six primers to eight different 
regions of target gene as reported earlier (Nagamine et 
al., 2002). The LAMP assay is a simple diagnostic tool in 
which the reaction is carried out in a single tube by mixing 
the buffer, primers and strand displacement DNA polymer-
ase and LAMP has the advantages for detection sensitivity 
and reaction simplicity over PCR/real-time PCR assays 
(Venkatesan et al., 2012). The sensitivity of ORFV LAMP 
is found to be better than conventional PCR as reflected in 
analytical and diagnostic sensitivity evaluation of LAMP 
with PCR and it can be used for clinical diagnosis and 
epidemiological survey of orf in a large scale manner in 
field conditions. High specificity of LAMP assay is due to 
binding of 4-6 primers to complimentary regions of tar-
get genome (Notomi et al., 2000). Earlier, B2L gene has 
been targeted for development of LAMP assay (Tsai et 
al., 2009). However, it has been reported that only 70% 
detection rate Vs nested PCR and only SYBR green I but 
not HNB dye has been used for monitoring/visualization 
of LAMP reaction. But, B2L LAMP under this study 
have shown better rate of detection on clinical samples 
compared to PCR and pre-addition of HNB dye did not 
inhibit the amplification efficiency of LAMP as reported 
earlier (Goto et al., 2009) and could be economically af-
fordable in field conditions compared to SYBR green I, 
though both are equally sensitive in monitoring of LAMP 
reaction. LAMP primers targeted in this study have been 
selected from highly conserved region of B2L gene after 

aligning twenty five gene sequences of different parapox 
virus isolates retrieved from GenBank database. This B2L 
gene based LAMP assay shown comparatively less detec-
tion rate on clinical samples but shown almost equal ana-
lytical sensitivity compared DNA Polymerase (DPO) gene 
LAMP assay reported earlier (Venkatesan et al., 2015). It 
may be wise to rely on using two different target genes 
based diagnostic assays to avoid any false positive and false 
negative results in clinical diagnosis and surveillance of any 
infectious disease. B2L LAMP assay could be a handful 
and corroborative test for rapid screening of orf in sheep 
and goats along with DPO LAMP assay during the dif-
ferent phases of eradication process for the control of the 
disease in India. Accumulation of magnesium pyrophos-
phate in LAMP reaction tube as the time progress will 
be of simple and safe method to check the LAMP (Na-
gamine et al., 2001). However, the other visual detection 
methods using SYBR green I and HNB were also found 
more sensitive than turbidity method for specific detection 
of ORFV genome from cell culture isolates and suspected 
clinical samples from sheep and goats. The difficulty as-
sociated with detection methods of LAMP in field labo-
ratory settings will prevent its applicability. But, low cost, 
ease of visualization without need of any instruments, and 
plasticity of the metal ion indicators namely HNB (Goto 
et al., 2009) and malachite green (Nzelu et al., 2014; Na-
than et al., 2015) could be handful to achieve a point of 
care diagnostic field applicability of this isothermal am-
plification assay. Further, visual observation of LAMP re-
action by colorimetric detection using SYBR green I and 
HNB dyes will reduce the time taken for diagnosis in field 
conditions and avoid handling high cost equipment and 
unsafe reagents associated with post LAMP amplification 
analysis (Parida et al., 2008).

In conclusion, the developed LAMP assay targeting B2L 
gene is found to be cost effective and time saving approach 
compared to high cost involving PCR and real time PCR 
methods. Further, LAMP reactions were analysed by three 
different visual detection methods (presence of turbidity, 
colour change by addition of SYBR green I and HNB 
dyes) comparing to agarose gel analysis and these methods 
were found to be simple, effective and safe when compared 
to the later. It has potential for rapid clinical diagnosis and 
epidemiological survey of virus strains of heterogeneity 
along with other molecular tools in resource limited field 
diagnostic laboratories of developing countries like India.
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