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Abstract

Loop-mediated isothermal amplification (LAMP) is a novel, high specific and sensitive method which
amplifies nucleic acid under isothermal conditions. Salmonella is considered one of the threatening
pathogens in food industries and these species are associated with distinct food poisoning called
salmonellosis. Four primers (two outer and two inner primers) were designed to target six distinct
regions on the target gene invA which is conserved in Salmonella species. The reaction was optimised
for 60 mins at 65 C. The sensitivity of the LAMP and PCR assay for Salmonella was 10 CFU/ml and 100
CFU/ml respectively. Artificial spiking of chicken meat shows detection of Salmonella even at dilution
to extinction (<1 CFU/ml) immediately after spiking as well after 48hr enrichment. All the LAMP
experiments were compared to PCR method. This study reports the development of a highly sensitive,
specific and a rapid diagnostic assay for the detection of Salmonella from food. The developed method
could be very useful for routine pathogens point of care (POC) diagnostics.
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INTRODUCTION
Salmonellosis, one of the most common global
foodborne bacterial diseases is caused by
Salmonella spp.! The two main etiological agents
of Salmonellosis are Salmonella enterica serovar
Enteritis and S. enterica ser. Typhimurium and
poultry is a major source of the pathogen.>*
The prevalence and serotypes encountered vary
considerably between localities, regions and
countries. Many animal species, especially reptiles
harbour Salmonella as their normal flora. Though
these do not cause infections in reptiles, they can
spread to humans and cause infection. In most
food animal species, there is a significant risk of
potential zoonosis associated with Salmonella.
These infections may be clinically unnoticeable
and of different durations than typical typhoid
fever. These animals may be contributing in spread
of infection between flocks and cause human
foodborne infection. Therefore, identification and
surveillance of Salmonella serotypes in humans
and food animals especially poultry is essential
to develop disease control measures.® In case of
human infection, contamination of food is only the
possible cause when these pathogens enter the
food chain. Therefore, product and environmental
monitoring for these pathogens are very important
in order to reduce or prevent Salmonella
illnesses/outbreaks from contaminated animal or
human food.®

Several methods with higher sensitivity
and specificity for Salmonella detection from food
have been developed, including immune magnetic
separation, immunological methods, molecular
methods, and bacteriophage detection systems.®
Molecular based techniques are more accurate,
sensitive and faster, therefore efficiently used
to diagnose pathogens from various sources.
However, this technique requires expensive and
sophisticated equipment and trained personnel,
making it difficult to apply in field conditions. These
difficulties can be overcome by the development
of simpler and rapid techniques. One of such rapid
and accurate method is loop-mediated isothermal
amplification (LAMP). This method utilises a set of
four specific primers and Bst DNA polymerase. Bst
DNA polymerase not only synthesises DNA but has
an auto-cycling strand displacement DNA synthesis
activity. The primers set of four oligonucleotides
recognizes six distinct regions on the target DNA.”

LAMP is a reliable, rapid and simple assay that
provides high sensitivity and specificity results.
Therefore, development and application of such
reliable methods for the detection, identification,
and characterization of Salmonella will provide a
useful tool for monitoring and assessment of the
food safety. The aim of this study was to develop
and evaluate a Salmonella specific LAMP for the
detection of this pathogen in chicken meat.

MATERIALS AND METHODS
Bacteria and DNA extraction

S. enterica ser. Typhimurium ATCC 14028
(Himedia,India) was revived in Luria Bertani (LB)
broth (Himedia,India) and incubated at 37°C for
18 hrs followed by extraction of genomic DNA
using DNeasy kit (Qiagen,India) according to the
manufacturer’s instruction.
Primer designing for LAMP assay

A specific set of primers (4) consisting
of inner primers (SalFIP:5’-CCGGCTCTTCGGC
ACAAGTAATttttGGACTGATTGGCGATCTCG-3’
& SalBIP: 5'-GCTCAACTTGCGGAGCGTCTttt
tAACAATACTTCCGGCAGGC-3')in and outer primers
(SalF3: 5’-GGAAAAAGAAGGGTCGTCGT-3’ & Sal
B35’-ATGCTGTTATCGTCCAGGC-3’) were designed
for the target gene invA (accession no M90846)
using primer expolorerV4 (http://primerexplorer.
jp/elamp4.0.0/index.html). SalFIP was designed
as the F2 region at the 3' end complementary to
the F2c region, and the same sequence as the Flc
region at the 5' end with a TTTT spacer in between
F2 and Flc. Similarly, SalBIP was designed as the
B2 region at the 3' end that is complementary to
the B2cregion, and the same sequence as the Blc
region at the 5' end with TTTT spacer. The primer
sequences are available on request.
Optimization of LAMP conditions

Genomic DNA isolated from the reference
strain was used for optimization of time and
temperature for the LAMP assays. Optimization
of reaction temperature involved monitoring the
reaction at constant temperatures between 60°C
and 65°C. The optimization of the reaction length
of LAMP assays was done from 15 min and 60
min in optimized temperature with a difference of
15 min between each time point. The assay was
carried out in 12.5puL reaction volume containing
:1uLeach of inner primers (20pmol each), 0.5ul
of F3 and B3, 6.25uL of 2X reaction mixture
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{40mM Tris HCI, 20mM KCI, 16mM MgSO,, 20mM
(NH,),S0,, 0.2% Tween 20, 1.6M betaine. 2.8 mM
dNTPs each}, 0.5ul of Bst DNA polymerase, 1uL
of target DNA at 60°C, 63°C and 65°C for 60 mins
and the reaction termination was done at 80°C
for 10 mins. The reaction time was optimized at
60 mins based on the clear amplification pattern
of gel electrophoresis.
Specificity of LAMP

The specificity of the LAMP assays was
ascertained with DNA template obtained from
bacteria belonging to other genera of closely
related species within the same family such as
Proteus mirabilis ATCC 29906 (HiMedia,India),
Escherichia coli ATCC 8739 (HiMedia,India),
Shigella flexneri ATCC 12022 (HiMedia,India),
Klebsiella pneumoniae ATCC 10031 (HiMedia,India)
and Enterobacter aerogenes ATCC 13048
(HiMedia,India) (current taxonomy Klebsiella
aerogenes). and performing the reaction at
predetermined conditions.
Sensitivity of LAMP assay using artificial spiked
samples

Once the LAMP conditions are optimized,
the feasibility of the technique was checked by the
ability of the method to detect the pathogens in
artificially spiked samples. A single colony of S.
enterica ser. Typhimurium ATCC 14028 was picked
from a Nutrient agar plate and inoculated into 5ml
Luria Bertani (LB) broth. The tube was incubated

at 37°C with shaking up to 3 hours till the culture
obtained OD,, of ~0.6 which corresponded to
3 x10% CFU/ml as previously determined by the
spread plate method. The culture was serially
diluted in physiological saline (0.85% sodium
chloride) to achieve 3x103, 3x 102, 30, 3 and less
than 0 CFU/ml culture dilutions. Chicken meat was
procured from the local market and minced using
a sterile blade. The meat was spread as a thin film
on sterile petri dishes and subject to 15 minutes
ultraviolet light treatment for both surfaces. One
hundred pl of culture dilutions were added to
5-gram aliquots of the UV treated minced chicken
meat (tests). The tests could absorb the culture at
room temperature for 15 minutes. An unspiked
control of the chicken mince was maintained.
The test and the control were then transferred to
culture bottles containing 45ml of Fluid Selenite
cysteine (FSC) broth (Himedia,India). The bottles
were vigorously shaken and 1ml pre-enrichment
samples were drawn. The FSC bottles were
incubated at 37°Cfor 18 hours and 1ml enrichment
samples were drawn. Enrichment broths were
then cultured on Xylose Lysine Deoxycholate (XLD)
agar (Himedia,India) to detect Salmonella by the
traditional culture method.® The pre-enrichment
and enrichment samples drawn were subject to
DNA extraction followed by detection by PCR
and LAMP. PCR detection was using the standard
invA primers (Sal F -AACGTGTTTCCGTGCGTAAT;

Fig. 1. Optimization of temperature and time for invA gene (A), Lane M: Molecular marker 100bp, B: Blank, 1:
60°C, 2: 63 °C and 3: 65°C. (B) Lane M: Molecular marker 100bp, 1: 15 mins, 2: 30 mins, 3:45 mins and 4: 60 mins.
All the products were run on 2.0% agarose gel and stained with ethidium bromide.
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Sal-R — TCCATCAAATTAGCGGAGGC) in a reaction
mixture of 15 pL consisting of 1.5 plL reaction
buffer, 0.5 pL of 10mM dNTPs, 0.5 pL of 10mM of
each primer and 0.2uL of Taq polymerase (5U/ ulL)
.Reaction conditions Random samples of chicken
meat (n=30) were collected from different retail
stores of the local market, DNA was extracted by
crude method and kit (Quiagen, QlAmp DNA mini
kit, Germany)without enrichment. The extracted
DNA samples were used for further PCR and LAMP
assay.

RESULTS
Assay conditions for Salmonella typhimurium
detection

LAMP reaction optimisation for
temperature and time of reaction was conducted
using Salmonella typhimurium DNA template.
Based on the clarity of the expected band size
amplification time and temperature was optimized

A 1234 56 7 8 910

LAMP =—

for 60 min at 65°C (Fig. 1) as no amplification
was observed at 60°C for 60 mins. There was no
amplification in 15 and 30 mins but the target gene
amplified at 45 and 60 mins. However, the pattern
of band formation at 60 mins was more prominent
and clearer. Therefore, the reaction conditions
were optimized as 65°C for 60 mins.
LAMP assay specificity

The specificity of LAMP reactions was
examined with DNA extracted from closely related
genera including Proteus mirabilis, Escherichia
coli, Shigella flexneri, Klebsiella pneumoniae and
Enterobacter aerogenes. After incubation for 65°C
for 60mins, amplification was observed only for
Salmonella whereas no amplification was seen for
other isolates used reiterating its specificity for the
detection of Salmonella (Fig. 2).
Sensitivity of LAMP

Based on the, 10-fold serial dilutions of
the initial colony forming unit(cfu)/ml (3.8x108)

Fig. 2. A; Sensitivity of LAMP and PCR reaction for invA gene with 10-fold dilutions of DNA. Lanes: Lane 1: 10 1,
2:10 2,3:10 3,4:10 4,5:10 5,6:10 6,7:1077,8:10 8,9:10 9, 10: 10 10.

B. Specificity of LAMP assay. Lane M: Molecular marker 100bp, 1: S. enterica ser. Typhimurium ATCC 14028, 2: Proteus
mirabilis (ATCC 29906), 3: Escherichia coli ATCC 8739, 4: Shigella flexneri ATCC 12022, 5: Klebsiella pneumoniae
ATCC 10031, 6: Enterobacter aerogenes ATCC 13048. All the products were electrophoresed on 2.0% agarose gel

and stained with ethidium bromide.
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was done and used for subsequent spiking of
chicken meat (300 CFU, 30 CFU,3CFU and less
than 3 CFU), LAMP could detect up to 3 CFU of
the pathogen from the chicken meat directly
while conventional PCR could detect the target
gene only after 6hrs of enrichment in FSC broth
(Fig. 3A and B).

DISCUSSION

The Food Safety Modernization Act
(FSMA) regulations mandate that products
and environment be routinely monitored for
pathogens. This practice is critical in the prevention
of Salmonella outbreaks/illnesses which account
for 43% of foodborne illnesses worldwide.® An
ideal detection method should be a rapid method
of high specificity and sensitivity yet simple and
economical to handle.

Pre-enriched

LAMP is a novel nucleic acid amplification
test developed a decade ago and has gained
popularity compared to conventional PCR for the
rapid and reliable detection of various fungal,
bacterial, parasitic, and viral agents.”'®! The
sensitivity of LAMP assay targeting Salmonella
was reported and was much greater than PCR.?
Since then, many LAMP assays for Salmonella
detection have been developed, with increasing
broad applications in food and feed testing. The
target gene for most the developed assay is invA
which is present only in Salmonella spp.***” Four
highly specific LAMP primers: two outer and two
inner targeting the invA of Salmonella spp were
designed. The conditions of developed assay
optimized for detecting Salmonella DNA was at
65°C for 60 min. However, amplification of target
gene was possible within 45 min at 65°C. This

Enriched

NC3 2 1O0NC3 2 10C

LAMP

Fig. 3. A. Detection of invA gene from pre-enriched and enriched spiked chicken meat samples. C- Control DNA
from culture, NC-No template control, 0 : <3 CFU / gram, 1: ~ 3 CFU/gram, 2 : ~30 CFU/gram, 3: ~300 CFU/gram.
Amplification observed in LAMP in pre-enriched samples but not by conventional PCR.

B. Detection of Salmonella from random chicken meat in and around Mangalore. Lanes 1 to 12 represent different
samples. All the products were electrophoresed on 2.0% agarose gel and stained with ethidium bromide.
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suggests that rapid detection of Salmonella is
possible in a very short time (<60 min).

The specific binding of the four primers
to the six distinct sequences in the gene of interest
is the most critical factor in LAMP technique. The
efficiency of LAMP is not hindered by the presence
of non-target DNA which is highly recommended
for a good diagnostic tool. Specificity of developed
LAMP assay for detection of Salmonella from
meat is high, the designed primers amplified only
Salmonella spp and no other closely related genera
including Shigella, Proteus or other members of
Enterobacteriaceae. In addition, the reaction can
be monitored as simple turbidity (data not shown)
as LAMP synthesises a large amount of DNA and
the specificity of the developed assay is found to
be consistent with other studies of LAMP assays
in bacterial detection.®2°

The Salmonella specific LAMP assay
was found to be highly sensitive, as it could
detect 1CFU in the chicken meat itself before
enrichment, whereas by PCR, the detection
from spiked samples was possible only after 6
hours of enrichment. This suggests that LAMP
is more sensitive than the conventional PCR and
overcomes the need for initial enrichment. In
samples that contain very low concentrations of
bacteria, LAMP is an alternative choice than PCR
for diagnosis. In food samples, Salmonella should
be completely absent in 25 grams for microbial
permissibility.

Salmonella has received attention as the
prime global cause of foodborne illnesses. While
many other pathogens have a permissible limit
of 10 CFU/gram or 1 CFU/gram, the standard for
food to remain microbiological safe is absence of
Salmonella per 25 grams of food. To ensure that the
food is completely Salmonella free, conventional
methods require that two step enrichments in a
minimum of two different medium in duplicates
followed by selective enrichment on three
different media is performed to ensure that the
product is Salmonella free. This is very laborious
and the overall turnaround time is more than 72
hours. Our study has shown that the developed
LAMP method is able to detect Salmonella in the
chicken meat directly with counts as low as 1 CFU.
It was observed that the chicken meat which was
pre-screened by conventional testing and found

to be negative showed enrichment of invA gene
which is specific for Salmonella after 6 hours of
pre-enrichment by the LAMP method. Early studies
on the rapid detection of pathogens using LAMP
reported that this technique could detect up to
102 Salmonella in liquid suspensions.’® Recent
validation of LAMP has report detection limits as
low as 1 CFU Salmonella in animal feed.? FDA has
recently approved to screen animal feed by pre-
enrichment followed by LAMP. Other reports of
Salmonella specific LAMP have reported sensitivity
to a minimum of 25 CFU* and 1 CFU/250mI?* with
enrichment while direct detection limits have been
greater (>100 CFU).2®?” Modifications of LAMP
with nanoparticles have poorer detection.”® The
developed LAMP assay is highly specific, rapid and
sensitive detection protocol for Salmonella spp.
This study has been designed for the application
of LAMP technique for the detection of Salmonella
spp in chicken meat. The assay could detect lower
abundance Salmonella spp in various parts of meat
samples. The developed LAMP technique could be
routinely applied in diagnostics and in surveillance
inindustries, food industries, farm cultures, so that
bacterium-carrying meat can be segregated before
it reaches the consumers.
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