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ABSTRACT
 Brucellosis is a devastating disease, once an abortion storm starts in a herd, and hence early diagnosis is Brucellosis is a devastating disease, once an abortion storm starts in a herd, and hence early diagnosis is 

important. Loop mediated isothermal amplifi cationimportant. Loop mediated isothermal amplifi cation ( (LAMP) has enlightened the darker part of the diagnostic LAMP) has enlightened the darker part of the diagnostic 
world by its simplicity and swiftness, and has the advantage of working in isothermal conditions so that it can be world by its simplicity and swiftness, and has the advantage of working in isothermal conditions so that it can be 
applied to the fi eld. LAMP for applied to the fi eld. LAMP for BrucellaBrucella spp., that already exists has not been exploited for visual detection and  spp., that already exists has not been exploited for visual detection and 
the time needed for completion of the reaction has not been reduced. In the present study, an attempt was made the time needed for completion of the reaction has not been reduced. In the present study, an attempt was made 
to seal these cracks by developing a fast and visually detectable LAMP for to seal these cracks by developing a fast and visually detectable LAMP for BrucellaBrucella spp., which needs only 30  spp., which needs only 30 
min detection time, and SYBR green aided easier result visualization. The LAMP test targeting the omin detection time, and SYBR green aided easier result visualization. The LAMP test targeting the ompmp25 gene 25 gene 
was found to be highly sensitive and specifi c for detecting was found to be highly sensitive and specifi c for detecting BrucellaBrucella spp. Comparison of the LAMP test with  spp. Comparison of the LAMP test with 
the available PCR assay revealed that the LAMP test was more sensitive than PCR, following testing of 438 the available PCR assay revealed that the LAMP test was more sensitive than PCR, following testing of 438 
fi eld samples of cattle origin, and it showed prevalence of Brucella of 14.7 % in different parts of India. Being fi eld samples of cattle origin, and it showed prevalence of Brucella of 14.7 % in different parts of India. Being 
highly sensitive, specifi c and speedy, the standardized visual LAMP test can be widely used for epidemiological highly sensitive, specifi c and speedy, the standardized visual LAMP test can be widely used for epidemiological 
surveys of this economically important and zoonotic pathogen. surveys of this economically important and zoonotic pathogen. 
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Introduction Introduction 
Brucellosis, familiarly known as “Bang’s Disease “or “Contagious Abortion in Brucellosis, familiarly known as “Bang’s Disease “or “Contagious Abortion in 

cattle,” is one of the world’s major zoonoses of veterinary and public health importance. cattle,” is one of the world’s major zoonoses of veterinary and public health importance. 
BrucellaBrucella does not show any bias towards sex and age in animals ( does not show any bias towards sex and age in animals (ALTON, 1975ALTON, 1975). Many ). Many 
aspects of aspects of BrucellaBrucella have been explored by scientists but there is still much lacking in  have been explored by scientists but there is still much lacking in 
terms of the accurate diagnosis of the disease. The gold standard test for diagnosis of terms of the accurate diagnosis of the disease. The gold standard test for diagnosis of 
brucellosis is isolation and identifi cation of the organism. To achieve this, 5-10 % carbon brucellosis is isolation and identifi cation of the organism. To achieve this, 5-10 % carbon 
dioxide is required for its growth. Even with all the conditions conducive for the growth dioxide is required for its growth. Even with all the conditions conducive for the growth 
of of BrucellaBrucella, it will take around 3-5 days for a colony to appear. At times it may even take , it will take around 3-5 days for a colony to appear. At times it may even take 
longer; hence culturing work is laborious and time consuming. The major setback in longer; hence culturing work is laborious and time consuming. The major setback in 
culturing is that Brucellosis is zoonotic and the handlers are always at the risk of infection culturing is that Brucellosis is zoonotic and the handlers are always at the risk of infection 
((PIKE et al., 1965PIKE et al., 1965). Hence, it needs level 3 biocontainment facilities and highly skilled ). Hence, it needs level 3 biocontainment facilities and highly skilled 
technical personnel for handling live culture (technical personnel for handling live culture (ALTON et al., 1988ALTON et al., 1988).).

To overcome these problems, serological tests such as the Rose Bengal Plate Test To overcome these problems, serological tests such as the Rose Bengal Plate Test 
(RBPT), Standard Tube Agglutination Test (STAT) and Enzyme Linked Immunosorbent (RBPT), Standard Tube Agglutination Test (STAT) and Enzyme Linked Immunosorbent 
Assay (ELISA) are commonly employed (Assay (ELISA) are commonly employed (CHAND and SHARMA, 2004CHAND and SHARMA, 2004). These tests are ). These tests are 
inexpensive, fast and highly sensitive, but not necessarily highly specifi c, as antibodies inexpensive, fast and highly sensitive, but not necessarily highly specifi c, as antibodies 
may cross react with may cross react with Yersinia enterocolitica Yersinia enterocolitica serotype O:9. Polymerase Chain Reaction serotype O:9. Polymerase Chain Reaction 
(PCR), a DNA detection method, has revolutionized the world of diagnostics by rendering (PCR), a DNA detection method, has revolutionized the world of diagnostics by rendering 
accurate diagnosis and minimizing the time needed (accurate diagnosis and minimizing the time needed (YU and NIELSEN, 2010; HABTAMU et YU and NIELSEN, 2010; HABTAMU et 
al., 2013al., 2013). Although DNA detection using PCR serves as a good tool for diagnosis, it needs ). Although DNA detection using PCR serves as a good tool for diagnosis, it needs 
sophisticated instruments, amplifi cation time takes 2 - 3 hours and result visualization sophisticated instruments, amplifi cation time takes 2 - 3 hours and result visualization 
requires electrophoresis, so practically it does not have wide fi eld applicability. requires electrophoresis, so practically it does not have wide fi eld applicability. 

The loop mediated isothermal amplifi cation (LAMP) test has revolutionized the The loop mediated isothermal amplifi cation (LAMP) test has revolutionized the 
diagnostic world by its accuracy, swiftness and ability to visualize the results without diagnostic world by its accuracy, swiftness and ability to visualize the results without 
a post amplifi cation process (a post amplifi cation process (NOTOMI et al., 2000; DHAMA et al., 2013NOTOMI et al., 2000; DHAMA et al., 2013). ). BstBst polymerase  polymerase 
enzyme, having strand displacing property, works at an isothermal temperature and is the enzyme, having strand displacing property, works at an isothermal temperature and is the 
vital component of LAMP. Incorporation of loop primers increases the swiftness of the vital component of LAMP. Incorporation of loop primers increases the swiftness of the 
reaction (reaction (NAGAMINE et al., 2002NAGAMINE et al., 2002). Addition of DNA binding dyes to the post amplifi ed ). Addition of DNA binding dyes to the post amplifi ed 
reaction tube results in differences in colour production in positive and negative samples. reaction tube results in differences in colour production in positive and negative samples. 
LAMP for detecting LAMP for detecting BrucellaBrucella has been developed against the  has been developed against the BrucellaBrucella cell surface protein  cell surface protein 
((bcspbcsp))  31 gene and the 31 gene and the ompomp2525  gene, and sensitivity of both LAMP assays has been shown gene, and sensitivity of both LAMP assays has been shown 
to be higher than PCR (to be higher than PCR (OHTSUKI et al., 2008; LIN et al., 2011OHTSUKI et al., 2008; LIN et al., 2011). Recently, visual LAMP ). Recently, visual LAMP 
using a calcein metal indicator has also been developed (using a calcein metal indicator has also been developed (PAN et al., 2011PAN et al., 2011), also ), also B. abortusB. abortus  
specifi c LAMP has been reported (specifi c LAMP has been reported (KARTHIK et al., 2014aKARTHIK et al., 2014a) ) 

Though papers on the development of LAMP for Though papers on the development of LAMP for BrucellaBrucella spp. have recently been  spp. have recently been 
available (available (SOLEIMANI et al., 2013; PÉREZ-SANCHO et al., 2013SOLEIMANI et al., 2013; PÉREZ-SANCHO et al., 2013), no study reports the ), no study reports the 
screening of a good number of fi eld samples from cattle, to fi nd the potency and accuracy screening of a good number of fi eld samples from cattle, to fi nd the potency and accuracy 
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of the developed LAMP in detectingof the developed LAMP in detecting Brucella Brucella pathogens. The present study reports the  pathogens. The present study reports the 
use of a rapid and visual LAMP assay for detecting use of a rapid and visual LAMP assay for detecting Brucella Brucella from fi eld samples, targeting from fi eld samples, targeting 
the genus conserved the genus conserved ompomp25 gene. Loop primers were incorporated in our study to reduce 25 gene. Loop primers were incorporated in our study to reduce 
the time taken for the reaction and SYBR green was used to visualize the results. DNA the time taken for the reaction and SYBR green was used to visualize the results. DNA 
from whole blood samples was screened for from whole blood samples was screened for BrucellaBrucella spp. By the LAMP test and the  spp. By the LAMP test and the 
results were compared with conventional PCR to evaluate the clinical specifi city and results were compared with conventional PCR to evaluate the clinical specifi city and 
sensitivity. The results obtained indicated that LAMP may be adopted as a promising fi eld sensitivity. The results obtained indicated that LAMP may be adopted as a promising fi eld 
level diagnostic test for level diagnostic test for BrucellaBrucella spp.  spp. 

Materials and methodsMaterials and methods
Bacterial strains. Bacterial strains. Two major species of Two major species of BrucellaBrucella commonly encountered in  commonly encountered in 

ruminants, namely ruminants, namely Brucella abortus Brucella abortus ((B. abortusB. abortus S99 - diagnostic reference strain and  S99 - diagnostic reference strain and 
B. abortusB. abortus S19 - vaccine strain),  S19 - vaccine strain), Brucella melitensis Brucella melitensis (fi eld isolate and (fi eld isolate and B. melitensisB. melitensis  
16M- reference strain) and 11 other non-16M- reference strain) and 11 other non-BrucellaBrucella spp. ( spp. (Escherichia coli, Salmonella Escherichia coli, Salmonella 
Typhimurium,Typhimurium, Yersinia enterocolitica, Pasteurella multocida  Yersinia enterocolitica, Pasteurella multocida B:2, B:2, Clostridium chauvoei, Clostridium chauvoei, 
Clostridium perfringens, Staphylococcus aureus Clostridium perfringens, Staphylococcus aureus fi eld isolate, fi eld isolate, Listeria monocytogenesListeria monocytogenes, , 
Campylobacter jejuniCampylobacter jejuni fi eld isolate 1,  fi eld isolate 1, Campylobacter jejuniCampylobacter jejuni fi eld isolate 2 and  fi eld isolate 2 and Shigella Shigella 
fl exnerifl exneri) were selected to standardize the LAMP test, and to assess its specifi city. The ) were selected to standardize the LAMP test, and to assess its specifi city. The 
bacterial strains were obtained from repositories of different referral laboratories of the bacterial strains were obtained from repositories of different referral laboratories of the 
Indian Veterinary Research Institute, India.Indian Veterinary Research Institute, India.

DNA template preparation. DNA template preparation. Bacterial DNA of the four Bacterial DNA of the four BrucellaBrucella isolates was extracted  isolates was extracted 
using the using the RODRIGUEZ et al. (1997)RODRIGUEZ et al. (1997) standard protocol.  standard protocol. 

Standardization and development of LAMPStandardization and development of LAMP
LAMP primers. LAMP primers. LAMP primers targeting the well-conserved LAMP primers targeting the well-conserved BrucellaBrucella specifi c  specifi c ompomp25 25 

gene were designed using primer explorer online software, version 4. B3 and BIP primers gene were designed using primer explorer online software, version 4. B3 and BIP primers 
were selected from were selected from LIN et al. (2011)LIN et al. (2011) and F3 and FIP were self-designed so as to generate  and F3 and FIP were self-designed so as to generate 

Table 1. LAMP primers used in the study

S. 
No Name Sequence (5’-3’)

Base 
pair 

length Reference
1 F3 ATCCAGGAACAGCCTCCG 18 Self- designed
2 B3 GCATCACCTTCAACACCGTA 20 LIN et al. (2011)

3 FIP
TTGTTCCAGCCATAGCCAAGGTGGTTGAAGTA 

GCTCCCCA 40 Self- designed

4 BIP
CAGCACCGTTGGCAGCATCATCTGGTCCTGCT

GGAAGTT 39 LIN et al. (2011)
5 LF ATAGCCACCAGCCCAGCTATA 21 Self- designed
6 LR AAGGCTGGCGCCTTTGCTG 19 Self- designed
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space for loop primers, and loop primers were also designed using the same software. The space for loop primers, and loop primers were also designed using the same software. The 
primers used in the study are highlighted in Table 1. LAMP primers were synthesized by primers used in the study are highlighted in Table 1. LAMP primers were synthesized by 
Eurofi ns India Pvt Ltd.Eurofi ns India Pvt Ltd.

Optimization of LAMP reaction conditions. Optimization of LAMP reaction conditions. LAMP conditions were adopted as those LAMP conditions were adopted as those 
reported by reported by LIN et al. (2011)LIN et al. (2011) and were standardized for time, temperature and for different  and were standardized for time, temperature and for different 
chemicals. Reaction time with and without the use of loop primers was assessed so as to chemicals. Reaction time with and without the use of loop primers was assessed so as to 
learn the infl uence of loop primers on the rapidity of LAMP.learn the infl uence of loop primers on the rapidity of LAMP.

In brief, the fi nal reaction mixture for the LAMP contained 5 pM of each outer primer In brief, the fi nal reaction mixture for the LAMP contained 5 pM of each outer primer 
(F3 and B3), 40 pM of each inner primer (FIP and BIP) and 20 pM of each loop primer (F3 and B3), 40 pM of each inner primer (FIP and BIP) and 20 pM of each loop primer 
(LF and LB). Other components included of 2.5 μL of 10x Thermopol buffer [1x buffer (LF and LB). Other components included of 2.5 μL of 10x Thermopol buffer [1x buffer 
comprised of 25 mM Tris- HCl pH 8.8, 12.5 mM KCl, 12 mM (NHcomprised of 25 mM Tris- HCl pH 8.8, 12.5 mM KCl, 12 mM (NH44))22SOSO44 and 0.125 %  and 0.125 % 
Tween 20 (New England Biolabs, USA)]Tween 20 (New England Biolabs, USA)],, 8 mM MgSO 8 mM MgSO44, 1.2 mM dNTPs, 1 M Betaine and , 1.2 mM dNTPs, 1 M Betaine and 
the reaction mixture was adjusted to 22 μL with sterile nuclease free water (NFW). Then the reaction mixture was adjusted to 22 μL with sterile nuclease free water (NFW). Then 
2 μL of the standard 2 μL of the standard Brucella abortusBrucella abortus S99 (Reference diagnostic strain) DNA template  S99 (Reference diagnostic strain) DNA template 
was added, the mixture was heated to 95 °C for 5 min to denature the template, and was added, the mixture was heated to 95 °C for 5 min to denature the template, and 
reaction mixture was kept on ice to prevent re-annealing. reaction mixture was kept on ice to prevent re-annealing. BstBst DNA polymerase (8 Units)  DNA polymerase (8 Units) 
was added to the reaction mixture, which was followed by incubation at 63 °C for 30 min. was added to the reaction mixture, which was followed by incubation at 63 °C for 30 min. 
The reaction was terminated by heating at 95 °C for 5 min. Negative and positive controls The reaction was terminated by heating at 95 °C for 5 min. Negative and positive controls 
were included in each run. Nuclease free water was used as the negative control, while were included in each run. Nuclease free water was used as the negative control, while 
DNA froma known standard strain (DNA froma known standard strain (B. abortusB. abortus S99) was used as the positive control.  S99) was used as the positive control. 

Analysis of LAMP products. Analysis of LAMP products. LAMP products were visualized directly for the LAMP products were visualized directly for the 
formation of turbidity due to magnesium pyrophosphate formation during the course of formation of turbidity due to magnesium pyrophosphate formation during the course of 
the reaction. Gel electrophoresis (2 % agarose) was also carried out with 5 μL of LAMP the reaction. Gel electrophoresis (2 % agarose) was also carried out with 5 μL of LAMP 
products to visualize the ladder like pattern. The amplicons were digested withproducts to visualize the ladder like pattern. The amplicons were digested with Hha Hha I  I 
(Thermo Scientifi c, USA) using 5 μL of LAMP product at 37 °C for 3 hours. The LAMP (Thermo Scientifi c, USA) using 5 μL of LAMP product at 37 °C for 3 hours. The LAMP 
products were added with 1 μL of SYBR green dye I (1000 X concentration, Sigma, products were added with 1 μL of SYBR green dye I (1000 X concentration, Sigma, 
USA) to visualize the results both in day and UV light. Hydroxy naphthol blue (HNB), at USA) to visualize the results both in day and UV light. Hydroxy naphthol blue (HNB), at 
a concentration of 120 μM, was also used for some reactions.a concentration of 120 μM, was also used for some reactions.

Analytical specifi city of LAMP. Analytical specifi city of LAMP. Specifi city of LAMP primers was evaluated using Specifi city of LAMP primers was evaluated using 
the four the four BrucellaBrucella strains and the eleven other non- strains and the eleven other non-BrucellaBrucella strains mentioned earlier.  strains mentioned earlier. 
Optimized reaction conditions were maintained during the course of specifi city Optimized reaction conditions were maintained during the course of specifi city 
assessment. assessment. 

Analytical sensitivity of LAMP. Analytical sensitivity of LAMP. Analytical sensitivity of the LAMP test was examined Analytical sensitivity of the LAMP test was examined 
by performing an optimized LAMP reaction with serially diluted (10 fold) by performing an optimized LAMP reaction with serially diluted (10 fold) BrucellaBrucella  
abortusabortus S99 DNA. The initial concentration of purifi ed DNA, estimated using Nanodrop,  S99 DNA. The initial concentration of purifi ed DNA, estimated using Nanodrop, 
was 700 ng/μL (Thermo Scientifi c, USA). The detection limit of LAMP with and without was 700 ng/μL (Thermo Scientifi c, USA). The detection limit of LAMP with and without 
loop primers was observed as the positive reaction obtained at the lowest dilution of loop primers was observed as the positive reaction obtained at the lowest dilution of 
DNA.DNA.
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Applicability of LAMP Applicability of LAMP 
Field samples. Field samples. A total of 428 cattle whole blood samples were collected from three A total of 428 cattle whole blood samples were collected from three 

different states of India, namely: Uttar Pradesh (225 samples), Uttarakhand (103 samples) different states of India, namely: Uttar Pradesh (225 samples), Uttarakhand (103 samples) 
and Tamil Nadu (100 samples), where there was a history of abortion or and Tamil Nadu (100 samples), where there was a history of abortion or BrucellaBrucella infection.  infection. 
Simultaneously, 428 cattle serum samples were also collected from these animals for Simultaneously, 428 cattle serum samples were also collected from these animals for 
serological examination. In addition, ten aborted foetal stomach contents from cattle serological examination. In addition, ten aborted foetal stomach contents from cattle 
were collected from Uttar Pradesh. All the samples were collected from slaughter houses, were collected from Uttar Pradesh. All the samples were collected from slaughter houses, 
organized and unorganized farms from Bareilly (125 samples), Mathura (100 samples) of organized and unorganized farms from Bareilly (125 samples), Mathura (100 samples) of 
Uttar Pradesh, Haridwar (65 samples) and Rishikesh (38 samples) of Uttarakhand, Salem Uttar Pradesh, Haridwar (65 samples) and Rishikesh (38 samples) of Uttarakhand, Salem 
(32 samples) and Coimbatore (68 samples) of Tamil Nadu. Out of the 438 samples, 285 (32 samples) and Coimbatore (68 samples) of Tamil Nadu. Out of the 438 samples, 285 
samples were from adult female cattle which had calved at least once, 85 samples from samples were from adult female cattle which had calved at least once, 85 samples from 
heifers and 68 samples from bulls. The 438 samples comprising whole blood and aborted heifers and 68 samples from bulls. The 438 samples comprising whole blood and aborted 
foetal stomach contents were subjected to the standardized LAMP testing for the presence foetal stomach contents were subjected to the standardized LAMP testing for the presence 
of of BrucellaBrucella infection.  infection. 

DNA extraction. DNA extraction. DNA from the 428 cattle whole blood samples was extracted using DNA from the 428 cattle whole blood samples was extracted using 
modifi ed protocol of modifi ed protocol of SAMBROOK and RUSSELL (2001)SAMBROOK and RUSSELL (2001). DNA from the aborted foetal . DNA from the aborted foetal 
stomach contents (n = 10) was extracted using the stomach contents (n = 10) was extracted using the RODRIGUEZ et al. (1997)RODRIGUEZ et al. (1997) method  method 
mentioned earlier. mentioned earlier. 

Screening of fi eld samples by PCR and comparison with LAMP. Screening of fi eld samples by PCR and comparison with LAMP. All the 438 fi eld All the 438 fi eld 
samples were subjected to PCR screening usingsamples were subjected to PCR screening using Brucella Brucella genus specifi c primers  genus specifi c primers 
(synthesized by (synthesized by Eurofi ns India Pvt LtdEurofi ns India Pvt Ltd.) targeting .) targeting bcspbcsp31 gene as per 31 gene as per BAILY et al. (1992)BAILY et al. (1992) in  in 
order to compare the PCR testing results with those of LAMP. The PCR was standardized order to compare the PCR testing results with those of LAMP. The PCR was standardized 
with initial denaturation at 95 °C for 10 min, followed by 35 cycles of denaturation (94 °C with initial denaturation at 95 °C for 10 min, followed by 35 cycles of denaturation (94 °C 
for 1 min), annealing (55 °C for 1 min) and extension (72 °C for 1 min). Final extension for 1 min), annealing (55 °C for 1 min) and extension (72 °C for 1 min). Final extension 
was carried out at 72 °C for 7 min. The sensitivity limit of the PCR test was also tested was carried out at 72 °C for 7 min. The sensitivity limit of the PCR test was also tested 
using standard using standard B. abortusB. abortus S99 DNA and the results compared with those of LAMP. S99 DNA and the results compared with those of LAMP.

Serological examination. Serological examination. Serum samples (n = 428) were subjected to serological Serum samples (n = 428) were subjected to serological 
testing for testing for BrucellaBrucella antibodies employing Rose Bengal Plate Test (RBPT) and Standard  antibodies employing Rose Bengal Plate Test (RBPT) and Standard 
Tube Agglutination Test (STAT) according to the standard protocols described by Tube Agglutination Test (STAT) according to the standard protocols described by ALTON ALTON 
et al. (1975)et al. (1975)..

Statistical analysis. Statistical analysis. DNA from whole blood samples were used for testing using DNA from whole blood samples were used for testing using 
LAMP and PCR. The results of LAMP, PCR, RBPT and STAT were analysed with Kappa LAMP and PCR. The results of LAMP, PCR, RBPT and STAT were analysed with Kappa 
statistics, using GraphPad prism V4 software. The clinical sensitivity and specifi city of statistics, using GraphPad prism V4 software. The clinical sensitivity and specifi city of 
the LAMP test were determined keeping RBPT and STAT as the standard test. the LAMP test were determined keeping RBPT and STAT as the standard test. 

ResultsResults
Optimization of LAMP reaction conditions. Optimization of LAMP reaction conditions. LAMP reaction conditions were LAMP reaction conditions were 

standardized for discovering the optimum temperature, time, dNTP concentration, MgSOstandardized for discovering the optimum temperature, time, dNTP concentration, MgSO4 4 
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and Betaine. Conditions were optimized by considering the band visibility in agarose gel and Betaine. Conditions were optimized by considering the band visibility in agarose gel 
electrophoresis. Reaction time with and without the use of loop primers was assessed to electrophoresis. Reaction time with and without the use of loop primers was assessed to 
discover the infl uence of loop primers on the rapidity of LAMP. For reaction time without discover the infl uence of loop primers on the rapidity of LAMP. For reaction time without 
the loop primers, amplifi cation was noticed at 60 min, while with loop primers it was the loop primers, amplifi cation was noticed at 60 min, while with loop primers it was 
noticed at 30 min (Fig. 1).noticed at 30 min (Fig. 1).

Fig. 1. Effect of time on LAMP with loop primers. A) Resolution of LAMP products in agarose 
gel. Lane 1 to 7- 10, 20, 30, 40, 50 and 60 min. M- 100 bp ladder. B) SYBR green based detection 
under day light. Lane 1- negative control, Lane 2 to 7 - 10, 20, 30, 40, 50 and 60 min. C) SYBR 
green based detection under UV light. Lane 1 - negative control, Lane 2 to 6 - 10, 20, 30, 40, 50 

and 60 min.

Analysis and visualization of LAMP products. Analysis and visualization of LAMP products. The visual LAMP assay results can The visual LAMP assay results can 
be seen directly in day light (Positive- green and Negative- orange colour) and in UV be seen directly in day light (Positive- green and Negative- orange colour) and in UV 
light (Positive- green fl uorescence and Negative- orange fl uorescence). With HNB dye, light (Positive- green fl uorescence and Negative- orange fl uorescence). With HNB dye, 
a positive reaction showed a sky blue colour and a negative reaction showed a violet a positive reaction showed a sky blue colour and a negative reaction showed a violet 
colour, but on some occasions there was intermediate colour production between sky colour, but on some occasions there was intermediate colour production between sky 
blue and violet, which hindered result interpretation. Hence SYBR green was employed blue and violet, which hindered result interpretation. Hence SYBR green was employed 
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for further reactions and visualization of LAMP reaction. RE digestion of the LAMP for further reactions and visualization of LAMP reaction. RE digestion of the LAMP 
products yielded products corresponding to theoretical calculation. products yielded products corresponding to theoretical calculation. 
Table 2. Epidemiological data of whole blood samples screened for bovine brucellosis by LAMP 

assay

S. 
No

Origin of sample
Number

 of samples

Sample 
positive by 

LAMP

Prevalence (%)

State Place Place wise State wise

1
Uttar 
Pradesh

Bareilly 125 21 16.8
Uttar Pradesh- 14.7Mathura 100 12 12

2 Uttarakhand
Haridwar 65 9 13.8

Uttarakhand- 14.56Rishikesh 38 6 15.7

3 Tamil Nadu
Salem 32 5 15.6

Tamil Nadu- 11Coimbatore 68 10 14.7
Total 428 63 14.7

Fig. 2. Analytical sensitivity of LAMP (without loop primers) and PCR.. A) Resolution of PCR 
amplicons in agarose gel. Lane 1 to 7 - 700 ng/μL DNA, 70 ng, 7 ng, 700 pg, 70 pg, 7pg and 

negative control. B) Resolution of LAMP products (without loop primers). Lane 1 to 7 - 700 ng/
μL DNA, 70 ng, 7 ng, 700 pg, 70 pg, 7 pg and negative control. M - 100 bp ladder. C) and D) 

SYBR green based detection under day light and UV light respectively. Lane 1- negative control, 
Lane 2 to 8 - 700 ng/μL DNA, 70 ng, 7 ng, 700 pg, 70 pg, 7 pg and 700 fg.

Analytical specifi city and sensitivity. Analytical specifi city and sensitivity. The LAMP primers only specifi cally amplifi ed The LAMP primers only specifi cally amplifi ed 
the four the four BrucellaBrucella DNA and no amplifi cation was observed with the other eleven bacterial  DNA and no amplifi cation was observed with the other eleven bacterial 
DNA and negative controls. LAMP could detect up to 70 pg/μL of DNA without loop DNA and negative controls. LAMP could detect up to 70 pg/μL of DNA without loop 
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primers (Fig. 2) and 700 fg/μL with loop primers (Fig. 3). PCR could detect only up to primers (Fig. 2) and 700 fg/μL with loop primers (Fig. 3). PCR could detect only up to 
7 pg/μL (Fig. 2). Hence, by employing loop primers, LAMP could detect DNA 10 fold 7 pg/μL (Fig. 2). Hence, by employing loop primers, LAMP could detect DNA 10 fold 
more than PCR.more than PCR.

Fig. 3. Analytical sensitivity of LAMP with loop primers. A) Resolution of LAMP products 
(without loop primers). Lane 1 - negative control, Lane 2 to 10 - 700 ng/μL DNA, 70 ng, 7 ng, 
700 pg, 70 pg, 7 pg, 700 fg, 70 fg and 7 fg. M - 100 bp ladder. B) and C) SYBR green based 

detection under day light and UV light respectively. Lane 1 to 8 - 700 ng/μL DNA, 70 ng, 7 ng, 
700 pg, 70 pg, 7 pg, 700 fg, 70 fg and Lane 9 - negative control.

Comparative evaluation of LAMP, PCR, RBPT and STAT for Brucella. Comparative evaluation of LAMP, PCR, RBPT and STAT for Brucella. The results of The results of 
the screening of fi eld samples of cattle origin for the presence of the screening of fi eld samples of cattle origin for the presence of BrucellaBrucella spp., applying  spp., applying 
different diagnostic tests (LAMP, PCR, RBPT and STAT), revealed that out of the 428 different diagnostic tests (LAMP, PCR, RBPT and STAT), revealed that out of the 428 
cattle whole blood samples, 63 (14.7 %) samples were positive by LAMP of which only cattle whole blood samples, 63 (14.7 %) samples were positive by LAMP of which only 
60 (14.0 %) samples were positive by PCR. Testing of the aborted foetal stomach content 60 (14.0 %) samples were positive by PCR. Testing of the aborted foetal stomach content 
samples showed 5 (50 %) samples to be positive by both PCR and LAMP. Out of the samples showed 5 (50 %) samples to be positive by both PCR and LAMP. Out of the 
428 serum samples, 66 (15.4 %) samples were positive by RBPT, of which 65 (15.2 %) 428 serum samples, 66 (15.4 %) samples were positive by RBPT, of which 65 (15.2 %) 
samples were positive by STAT. There was homogeneity between the serum samples, samples were positive by STAT. There was homogeneity between the serum samples, 
which were serology positive and the whole blood samples, which were LAMP and PCR which were serology positive and the whole blood samples, which were LAMP and PCR 
positive. The epidemiological data of samples screened by LAMP for Brucella is given in positive. The epidemiological data of samples screened by LAMP for Brucella is given in 
Table 2. In the present study, out of the 63 positive samples recorded by LAMP, 42 were Table 2. In the present study, out of the 63 positive samples recorded by LAMP, 42 were 
from adult cattle which had calved at least once and the remaining positive samples were from adult cattle which had calved at least once and the remaining positive samples were 
from heifers. Unorganized dairy farms showed more LAMP positivity, with 45 samples, from heifers. Unorganized dairy farms showed more LAMP positivity, with 45 samples, 
when compared with organized farms. The clinical specifi city of LAMP was 100 % and when compared with organized farms. The clinical specifi city of LAMP was 100 % and 
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sensitivity was 95.45 %, when compared to RBPT and 96.92 % when compared with sensitivity was 95.45 %, when compared to RBPT and 96.92 % when compared with 
STAT. Since PCR detected 3 samples fewer than LAMP, sensitivity and specifi city were STAT. Since PCR detected 3 samples fewer than LAMP, sensitivity and specifi city were 
not calculated for LAMP in comparison with PCR. Statistical analyses of the comparative not calculated for LAMP in comparison with PCR. Statistical analyses of the comparative 
results with the different diagnostic tests are given in Table 3.results with the different diagnostic tests are given in Table 3.

Table 3. Statistical analysis for clinical samples

Tests 
Clinical 

specifi city 
Clinical 

sensitivity Accuracy
Positive 

predictive value 
Negative 

predictive value 
Kappa 
value P value 

LAMP 
Vs

RBPT
100 % 95.45 % 99.29 % 100 % 99.18 % 0.973 0.0001 

LAMP 
Vs 

STAT
100 % 96.92 % 99.53 % 100 % 99.45 % 0.982 0.0001 

LAMP- Loop mediated isothermal test; RBPT- Rose bengal plate test; STAT- Standard tube agglutination test

DiscussionDiscussion
LAMP assay, developed a decade ago byLAMP assay, developed a decade ago by NOTOMI et al. (2000) NOTOMI et al. (2000), assured that diagnosis , assured that diagnosis 

can be made accurately as well as swiftly. At present LAMP has been designed for can be made accurately as well as swiftly. At present LAMP has been designed for 
numerous microorganisms (numerous microorganisms (PARIDA et al., 2005; GEOJITH et al., 2011; XU et al., 2012PARIDA et al., 2005; GEOJITH et al., 2011; XU et al., 2012). ). 
There are reports about the development of LAMP test for There are reports about the development of LAMP test for BrucellaBrucella spp. ( spp. (OHTSUKI et OHTSUKI et 
al., 2008; LIN et al., 2011; PAN et al., 2011; SONG et al., 2012al., 2008; LIN et al., 2011; PAN et al., 2011; SONG et al., 2012), but there are no reports on ), but there are no reports on 
completion of the LAMP reaction in 30 min for detecting completion of the LAMP reaction in 30 min for detecting Brucella Brucella spp. and also there are spp. and also there are 
no reports of the use of SYBR green for visual detection of no reports of the use of SYBR green for visual detection of BrucellaBrucella spp. spp.

In this study, SYBR green dye was found to be superior as the intensity and clarity In this study, SYBR green dye was found to be superior as the intensity and clarity 
of colour was much more than that of HNB. Moreover, HNB occasionally produced of colour was much more than that of HNB. Moreover, HNB occasionally produced 
intermediate colours (intermediate colours (CHEN et al., 2012CHEN et al., 2012). Completion of the LAMP reaction has been ). Completion of the LAMP reaction has been 
reported to be 60 minutes in earlier studies (reported to be 60 minutes in earlier studies (LIN et al., 2011LIN et al., 2011), but in the present study it ), but in the present study it 
could be achieved in 30 minutes, with the help of loop primers, indicating that loop primers could be achieved in 30 minutes, with the help of loop primers, indicating that loop primers 
accelerated the reaction (accelerated the reaction (NAGAMINE et al., 2002NAGAMINE et al., 2002). Thus, with this LAMP, Brucellosis may ). Thus, with this LAMP, Brucellosis may 
be detected within a span of 30 min, which is helpful in the accurate and early diagnosis be detected within a span of 30 min, which is helpful in the accurate and early diagnosis 
of Brucellosis. The LAMP primers designed were highly specifi c to of Brucellosis. The LAMP primers designed were highly specifi c to BrucellaBrucella spp. and not  spp. and not 
to other bacterial spp.to other bacterial spp.

In this study, the detection limit of In this study, the detection limit of BrucellaBrucella DNA using LAMP was 70 pg/μL  DNA using LAMP was 70 pg/μL 
(without loop primers) and 700 fg/μL (with loop primers), and that of PCR was 7 pg/(without loop primers) and 700 fg/μL (with loop primers), and that of PCR was 7 pg/
μL. Hence, loop primers improved the sensitivity of LAMP reaction 10 fold compared μL. Hence, loop primers improved the sensitivity of LAMP reaction 10 fold compared 
to PCR. Similar fi ndings were reported by to PCR. Similar fi ndings were reported by LIN et al. (2011)LIN et al. (2011). Designing of the primers is . Designing of the primers is 
the critical area of LAMP to ensure good specifi city and sensitivity. On rare occasions the critical area of LAMP to ensure good specifi city and sensitivity. On rare occasions 
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false positives were obtained in negative controls, which may be attributed to carry over false positives were obtained in negative controls, which may be attributed to carry over 
contamination (contamination (PARIDA et al., 2008; DHAMA et al., 2013; KARTHIK et al., 2014bPARIDA et al., 2008; DHAMA et al., 2013; KARTHIK et al., 2014b). ). 

The results of the samples screened showed that LAMP could detect 3 positive samples The results of the samples screened showed that LAMP could detect 3 positive samples 
more than PCR, but RBPT could detect 3 more positive samples than LAMP. However, more than PCR, but RBPT could detect 3 more positive samples than LAMP. However, 
serological tests are not always specifi c and may cross react with serological tests are not always specifi c and may cross react with Yersinia enterocoliticaYersinia enterocolitica  
O:9 (O:9 (GARIN-BASTUJI et al., 1999; MUÑOZ et al., 2005; KARTHIK et al., 2014cGARIN-BASTUJI et al., 1999; MUÑOZ et al., 2005; KARTHIK et al., 2014c). Similarly, ). Similarly, 
serological tests detectserological tests detect antibodies in the chronic stages also, but the organism lodges itself 
in lymph nodes, mammary gland, uterus etc., hence DNA could not always be recovered 
from whole blood (LEARY et al., 2006). β-actin primers (JOSEPH et al., 2010) were used 
as internal control during PCR reactions to rule out the chance of PCR inhibitors. Out of 
the 3 LAMP positive samples, which were PCR negative, one sample did not produce 
amplifi cation with β-actin primers and hence that one sample may have had a PCR 
inhibitor, which led to the negative result on PCR. Cattle whole blood samples were 
processed by conventional methods for DNA extraction and hence PCR inhibitors may 
exist, but the LAMP test is a sturdy assay as the enzyme Bst polymerase is not inhibited 
by inhibitors, which is an added credit to the list of advantages of LAMP (PARIDA et 
al., 2008). Isolation and identifi cation of the organism was attempted in the initial stages 
of the study without fruitful results, as whole blood is not an appropriate sample for 
isolation. Conventional PCR is commonly employed as a molecular tool for detection of 
brucellosis and hence attempts were made to compare LAMP with conventional PCR, 
rather than the more sophisticated real time PCR. The clinical sensitivity, specifi city 
and accuracy of the diagnostic test were all found to be almost 100 % and hence the 
LAMP test can be exploited as a useful diagnostic tool for screening of brucellosis in fi eld 
conditions, with wider applicability worldwide. Kappa values showed that there is almost 
perfect agreement between the different tests used in this study. The LAMP assay showed 
promising results when used for epidemiological screening of brucellosis in cattle and 
this study also revealed the prevalence of bovine brucellosis in different parts of India. 
If this LAMP reaction mixture is lyophilized and marketed, it may be used as a fi eld test 
to detect Brucella spp. visually within 30 min, which would help to study the molecular 
epidemiology of this important zoonotic pathogen. 
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SAŽETAK 
Bruceloza je razorna bolest kad se u stadu pojavi u obliku pobačaja što iziskuje brzo postavljanje 

dijagnoze. Upotreba metode nazvane „petljom posredovano izotermno umnažanje“ (engl. loop mediated 
isothermal amplifi cation, LAMP)“ omogućila je poboljšanje dijagnostike svojom jednostavnošću i brzinom, 
a prednost joj je da se može izvesti na postojanoj temperaturi pa se može primijeniti u terenskim uvjetima. U 
dosada razvijenim postupcima LAMP-a nije bio rabljen vizualni dokaz i nije se uspjelo skratiti vrijeme reakcije. 
U ovom istraživanju pokušalo se ukloniti te nedostatke razvitkom brzog postupka za vizualni dokaz Brucella 
spp., za što je potrebno samo 30 minuta i SYBR zeleno. LAMP test za dokaz gena omp25 pokazao se visoko 
osjetljivim i specifi čnim za dokaz Brucella spp. Pretraga 438 terenskih uzoraka podrijetlom od goveda pokazala 
je da je LAMP osjetljiviji od raspoloživih testova PCR-a. Tim je testom dokazana prevalencija bruceloze od 14,7 
% u različitim dijelovima Indije. Kao vrlo osjetljiv, specifi čan i brz, LAMP test se može naširoko upotrijebiti u 
epidemiološkim istraživanjima bruceloze. 

Ključne riječi: petljom posredovano izotermno umnažanje, brucele, početnice, omp25, SYBR zeleno________________________________________________________________________________________
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