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Abstract

Disease diagnosis is important for implementation of proper therapeutic and prophylactic measures. Traditionally, disease diagnosis was

depends upon isolation and identification of the causative organisms. This was followed by serology and after that molecular method.

Molecular tests are valuable when early diagnosis is important. For this purpose, nucleic acid amplification (PCR, nucleic acid

sequence-based amplification, self-sustained sequence replication, strand displacement amplification) is one of the most valuable tools

not only for the diagnosis of infectious diseases but also used in advanced level research. The Loop-Mediated Isothermal Amplification

(LAMP) is a unique nucleic acid amplification technique for diagnosis of various pathogens introduced at 2000 by Notomi and his

colleagues which is simple, easy, rapid and cost effective when compared to PCR due to its high specificity, sensitivity, and rapidity.

It uses a set of six primers and a DNA polymerase with stranddisplacement activity. Major advantage of LAMP method is its

cost-effectiveness as it can be done simply by using waterbath or heating block.
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Introduction

Diagnosis of disease is crucial for implementation of
proper therapeutic and prophylactic measures. Over
time there has been great revolution in the field of
disease diagnosis. Isolation and identification of the
etiological agent from clinical specimens was the basis
for diagnosis earlier. Later, serological tests developed,
which reduced the time for diagnosis. With the evolution
of molecular techniques, the time needed for final diagnosis
was reducedto hours from days.!

Many types of PCR have been developed for the diagnostic
purpose. Despite the advantages of PCR based assays
like higher sensitivity, the need for costly instruments
and post amplification processing makes its use as limited
for routine use in low resource setting laboratories.
Rather PCR facilities for accurate diagnosis get restricted
to specialized diagnostic laboratories. Several isothermal
amplification techniques came up over time: Transcription
Mediated Amplification2, Strand Displacement amplification3,
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Rolling Circle Amplification*, Helicase Dependent
Amplification’ etc. One of the most widely used isothermal
nucleic acid amplification method is Loop mediated
isothermal amplification (LAMP).® LAMP tests have
been developed for the detection of a vast variety of
disease causing agentsfrom its beginning in 2000. It
makes an effective alternative diagnostic tool for a
number of human, animal as well as plant pathogens.®

Why there is need of LAMP?

The PCR based DNA detection methods seem to have
the qualities of sensitivity and specificity but lacks other
qualities like swiftness and requires costly instruments,
etc. Isothermal amplification techniques assure other
qualities stated by WHO. LAMP stands out to be a good
and effective diagnostic testamong the isothermal
amplification techniques. It is a preferred diagnostic tool
because of the ease at which it can be performed even
though the principle and reaction mechanism is a bit
complicated.”

To overcome all above limitations in viraldiagnosis, a
loop-mediated isothermal amplification(LAMP) method
was developed as an alternativemethod for viral detection.
LAMP is a novel nucleic acid amplificationmethod that
amplifies a few copies of target DNA with high specificity,
efficiency, andrapidity under isothermal conditions,



Loop-Mediated Isothermal Amplification (LAMP) for detection of various ...

using a set of four specially designed primers and a DNA
polymerase with strand displacementactivity.” When
detecting the RNA genome of a pathogen such as an
RNA virus, LAMP has been merged with reverse
transcription (RT) into RT-LAMP to allow nucleic
acidamplification.8 This techniquerequires only simple
and cost-effectiveequipment amenable to use in clinical
laboratories.?

Compared to PCR, reaction simplicity and detectionsensitivity
are the advantages of LAMP. LAMP assay is capable to
detect as low as 1 pg/pl template DNA. It has been
claimed that the LAMP method can detect as few as 100
copies of DNA template in blood samples, equal roughlyto
5 parasites/ul.3 Thissensitivity is notably higher than any
knownimmune chromatography-based RDTs, whichare
recommended by WHO as part of the globalmalaria
control strategy.!® LAMP has potential applications for
clinical diagnosisas well as surveillance of infectious
diseases indeveloping countries without requiring
sophisticatedequipment or skilled personnel.!!

Advantages of LAMP Method over Conventional
Methods

e As LAMP don’t require costly equipments, so itcan
be called as an equipment free technique. It needs
only water bath or heating block which is commonly
available. Hence, under field condition, the technique
is suitable.8

e LAMP is not only sensitive but also specific when
compared with other DNA detection methods like
PCR. Large quantities of a desired sequence
(109-1010 copies) are produced in less than an hour’

e Diagnosis by LAMP is rapid; gets completed within
an hour or 30 min (when loop primers are used)!?

e It a robust technique as unprocessed or partly
processed samples can be used as template.

e [AMP works at a constant temperature

e No need of post amplification processing. Results
can be observed directly by adding SYBR green,
HNB or Calcein. So electrophoresis is not needed
which also reduces the timeamplifies a few copies of
target DNA.13

Easy to handle.

Cost-effective as it can be carried out withsimplest
equipment, i.e., dry bath/water bath.’

LAMP method:

The whole procedure of this assay is very simpleand
rapid by incubating mixture of gene sample andsix
proper designed specific primers in a single tubewith
reverse transcriptase and Bst DNA polymerase at 63°C.
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The LAMP amplification includes sixprimers comprising
two outer primers, such as forward outer primer (F3)
and backward outer primer (B3), having strand displace-
mentactivity during the non-cyclic step only andalso two
internal primers, such as FIP and BIP, havingboth sense
and antisense sequence which helps in loopformation.
Further, two loop primers, i.e., forwardloop primer and
backward loop primer are designedto amplify the additional
sites that are not accessedby internal primers. For detection
agarose gel electrophoresis and also real timemonitoringby
visual turbidity or others can be used. Asa byproduct of
amplification,the turbidity can be seen due to magnesium
pyrophosphateprecipitate. So, it’s possible to detect
theamplification product by the naked eye. The
detectionprocedure can be done in real time either by
measuringthe turbidity or by fluorescence using
intercalatingdyes such as SYBR Green. A visible color
change canbe seen with naked eyes using dyes such as
SYBRgreen, EVA green or hydroxynapthol blue. The
dye molecules intercalate the DNA, which can be
correlated with the number ofcopies making the LAMP
be quantitative. LAMP assay is found to be 10-100 folds
more sensitivethan PCR with a detection limit of
0.01-10 pfu ofvirus.”-8:14
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Figure I: Loop Mediated Isothermal Amplification (LAMP)
assay?®
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LAMP assay for detection of Human Viruses

LAMP method has been commonly used in detection of
DNA and RNA virus.* LAMP method has been developed
for detection of human viruses including chickenpox
virus'3, mumps virus!®, respiratory syncytial virus!?,
flavivirus causing West Nile fever!8, enterovirus 7119,
humanimmunodeficiency virus (HIV) causing acquiredimmune
deficiency syndrome (AIDS)%, pandemic (HIN1) 2009
virus?!, cytomegalovirus causing cytomegalovirus inclusion
disease??, chikungunya virus?, Japanese encephalitis
virus?*, herpessimplex virus type 2 causing genital
herpes?®, human T-cell lymphotropic-1 and human
T-cell lymphotropic-2retroviruses?®, Epstein-Barr virus
(EBV)?, influenza A and B viruses causing influenza2s,
Ebola virus?®, human papilloma viruses type 6, 11, 16
and 18%, and HIV-1 virus.3!

Their results demonstrated that the LAMP assay could
be well-applied to laboratories, as a portable device and
valuable tool for differential diagnosis of various viruses
in the countryside. LAMP has also been applied successfully
for RNA virus detection by directly adding the reverse
transcriptase to the reaction mixture, which is termed
the reverse transcription LAMP (RT-LAMP).14

Hepatitis B virus (HBV) is one of the most important
factors for hepatocellular carcinoma and a liverdisease
that seems 350-400 million persons are infected with all
over the world. Loop mediatedisothermal amplification
(LAMP) is a novel nucleic acid amplification technique
with high specificity andsensitivity which has been done
under isothermal condition.!® Various authors detected
hepatitis B virus by LAMP method and observed that
PCR sensitivity and also detected HBV genotypes and it
could be used in clinical point-of-care settings, mainly
in endemic and resource-limited environments for HBV
diagnostics, donor screening, epidemiological studies,
and therapeutic monitoring of patients undergoing
antiviral treatment.!5.16.17 These results reveal that
HBV-LAMP assay is rapid, sensitive and specific, and
capableof detecting the HBV. This assay could be used
in clinical point-of-care  settings, mainly in
resource-limited environments for HBV diagnostics,
donor screening and also for monitoring of patients
undergoing treatment.!’

As viremic individuals are the main source of infectious
virus, so early detection of dengue virus (DENV) infection
during the febrile period is crucial for proper patient
management and prevention of disease spread. The
RT-LAMP assay developed is sensitive, specific and
simple to perform. The assay enhanced the detection of
dengue when used in combination with serological
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methods. If RTLAMP assay can be implemented for
routine dengue diagnosis, it would greatly improve the
diagnostic coverage of suspected dengue cases without
the need for costly equipment and reagents.!8

Japanese encephalitis virus (JEV) is the most common
cause of childhood viral encephalitis in the world, causing
an estimated 50,000 infections and 10,000 deaths annually.
Laboratory diagnosis of JEV relies on virus isolation and
characterization, the detection of virus-specific antibodies,
and the detection of genomic sequences by nucleic acid
amplification techniques. Thus, the RT-LAMP assay
reported in this study allows rapid, real-time detection
as well as quantification of JEV in acute phase CSF
samples without requiring sophisticated equipment and
has potential usefulness for clinical diagnosis and
surveillance of JEV in developing countries.!?

Currently, 1 to 10% of renal transplant recipients are
diagnosed with BK virus induced renal allograft
nephropathy, which can lead to graft loss in 20 to 80%
of patients. Detection of BKV in urine and blood can
alert a clinician to the possibility of BKVAN in a patient
presenting an asymptomatic rise in serum creatinine.
However, physicians currently depend on PCR results
for BKV detection, which might take 2 to 3 days or
longer to arrive in many clinic settings and also it’s not
available in most of the country. Thus, the LAMP assay
for detection of BKV can guide therapeutic decisions in
outpatient clinics itself, especially if a urine sample
becomes positive after a short, 30 min incubation and is
accompanied by a plasma sample that shows positivity,
suggesting that the patient is more likely to have a clinically
significant viral load.?

Having high vaccine coverage, Mumps patients are
prone to suffering from secondary vaccine failure (SVF).
Due to this critical problem, rapid detection of mumps
virus by a fast diagnostic technique was necessary.
Development of a fast LAMP assay for detection of
mumps virus genome with a detection of 0.1 PFU along
with the same sensitivity as RT-nested PCR within 60
min only.?!

Routine diagnostic testing is essential for the early
detection and treatment of HIV infection.As individuals
cantransmit the virus during early or acute infection,
accurate and timely diagnosis may reduce the transmission
of HIV when the individual is mostinfectious. The
diagnosis of acutely infected individuals who might be
missed by currentrapid antibody tests, HIV-1 RT-LAMP
assay can help in this case. If this assay can be
implemented atthe POC, where NAAT testing is
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currently not feasibledue to cost and time limitations,
will be great help.2?

Influenza virus causes annual epidemics in temperate
climates generally lasting 3—8 weeks in the winter
months and is a major cause of morbidity and mortality.
LAMP showed an excellent sensitivity and specificity for
detection of influenza A and B in NP specimens and
result is produced in 30 min only.?

MERS-CoV is mainly diagnosed byreal-time RT-PCR
assay, with at least two different genomic targets
required for a positive diagnosis according to the case
definition of The World Health Organization (WHO) as
of 3 July 2013. So RT-LAMP for MERSCoV was developed,
which was capable of detecting as few as 3/4 copies of
MERS-CoV RNA. .24 Therefore, it is urgently necessary
to develop as many specific genetic diagnostic methods
as possible to allow stable diagnosis of MERS-CoV
infections.

Herpes simplex virus types 1 (HSV-1) and 2 (HSV-2)
and varicella-zoster virus (VZV) are alphaherpesviruses
that infect, establish lifelong latency in, and subsequently
reactivate from human sensory neuronal ganglia. LAMP
assay was used for the detection of HSV-1, HSV-2, and
VZV infections in very short time.?

Detection of plant viruses:

Viruses are very tiny compared to other groups of plant
pathogens like fungi and bacteria which can be visualized
through microscopes but plant viruses are too small to
observe using light microscopes. They are made of a coat
protein and a type of nucleic acid, DNA or RNA based
on the nucleic acid which can be seen only using a
transmission electron microscope.2

LAMP had been developed for many plant viruses such
as Wheat streak mosaic virus (WSMV)?27, Wheat yellow
mosaic virus (WYMYV), Japanese soil-borne mosaic virus
(JSBWMV) and Chinese wheat mosaic virus (CWMV)28,
Yellow head virus (YHV)2, bovine viral diarrhea viral
(BVDV)30, Potato virus Y (PVY)3!, tomato torrado virus
(ToTV)32, Sugarcane mosaic virus (SCMV)33,  tomato
spotted wilt virus, necrotic spots virus, and chrysanthemum
stunt virus, tobacco mosaic virus, banana streak virus, cauliflower
mosaic virus, yellow mosaic virus, potato virus Y, potato
spindle tuber viroid, peach latent mosaic viroid, wheat yellow
mosaic virus.3*

Detection of Animal Viruses:

The LAMP assay has been recently applied for the rapid
detection of several viruses in animal, such as
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Foot-and-mouth disease virus®>, Bovine herpesvirus
-4 (BHV-4)%, viral conjunctivitis¥’, porcine circovirus
type 2, duck virus enteritis38, monkey pox virus3, infectious
hematopoietic necrosis virus (IHNV)#, Newcastle
disease virus*!, canine parvovirus and pestiviruses cause
diseases in animals such as classical swine fever (CSF)
and bovine viral diarrhea/mucosal disease (BVD/MD).
Equine arteritis virus (EAV), porcine reproductive and
respiratory syndrome virus (PRRSV), lactate dehydrogenase
elevating virus (LDV) of mice, and simian hemorrhagic
fever virus (SHFV) all belong to the Arteriviridae family
of viruses.34

In addition, it has been used to determine sex of asparagus,
genetically modified organisms (GMOs), and Phytoplasmas.*?

Detection of pathogenic Bacteria:

Isolation and characterization of pathogens from clinical
samples is a tiresome job.** Lamp assay has been used
to detect various pathogenic organism in recent years. It
was first used to detect stxA, in Escherichia coli O157:H7
cells.¥

According to WHO report, TB is the second leading
cause of death among infectious disease worldwide after
HIV. Mycobacterium tuberculosis is a slow growing bacterium
that needs to 1 to 2 months for growing in a culture.*
However, this technique is both labour and timeconsuming.
The TB LAMP assay is designed to require, as much as
possible, a similar number of steps and biosafety requirements
as sputum smear microscopy.** MTB-LAMP assay helps
direct identification of M. tuberculosis in processed
sputum samples.*6

Salmonella is a common gram-negative bacterium
belonging to family Enterobacteriaceac and is an
important cause of food-borne bacterial infections in
both developed and developing countries.*” At present,
bacteria isolation and biochemical identification are the
standard methods for Salmonella detection and identification.
Culture-based methods are reliable but laboratory-intensive
and time-consuming, while crossbiochemical reaction
can occur between different species under Enterobacteriaceae.
Salmonella LAMP assay can potentially serve as new
on-site diagnostics in the food and agricultural industries.*8

Toxigenic Vibrio cholerae, the etiological agent of cholera
causes severe diarrheal disease affecting thousands of
people each year in developing countries. The LAMP
assay needs 12-18 min for amplification with a single
colony and within 60 min with human feces and seafood
samples. This assay is a potent tool for quick, easy, and
sensitive detection of CT-producing V. cholerae which
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may help the investigation of V. cholerae contamination
in seafood, as well as the early diagnosis of cholera in
humans.*

LAMP has also been successfully used for specific detection
of others organisms likes Streptococcus pneumoniae™,
Staphylococcus aureus’', Bacillus anthracis>?, and others.

Detection of Fungi:

The LAMP has the advantage of simplicity in detection
of fungus compared to the classic diagnostic methods
like histopathological test. It detects successfully
C. albicans>,  Pneumocystis jirovecii>*, Histoplasma
capsulatum>® and others.

Detection of parasites:

Protozoal parasites are seriously harmful for human and
also animals.One of the most neglected tropical diseasesis
Visceral leishmaniasis (VL). The annual incidence
worldwide is approximately 0.2 to 0.4 million cases with
mortality rates of 1.5% (93 deaths/6224 VL cases from
2004-2008) in Bangladesh.%® LAMP assay has also been
established to detect Leishmania donovani DNA from
blood samples of VL patients and the results were
comparable with that of conventional PCR where 68
case was positive out of 75 confirmed VL cases, and
revealed its diagnostic sensitivity of 90.7% (95.84-81.14,
95% CI1).”7

Malaria is alife-threatening disease diseasewhich is
caused by protozoan parasites. Clinical diagnosis and
parasitological  confirmation bymicroscopy using
Giemsa-stained blood films (‘Giemsamicroscopy’) or
rapid diagnostic test (RDT) are the malariadiagnostic
approaches currently employed throughout world. Compared
to nested PCR, the sensitivity andspecificity of the
primary NINA-LAMP assay were 96.8%. This assay is
highly sensitive for the diagnosis of malaria and detection
of Plasmodiumparasite infection at both the genus and
species level when compared to PCR. It may be a vital
diagnostic modality in efforts to eradicate malaria from
areas of low endemicity.>8

Advantages of LAMP

As it can amplify nucleic acid under isothermal conditions
in the range of 60-65°C, it only needs simple and low
cost equipment but needs to be effective. LAMP is a
good and effective diagnostic test in developing countries as
it does not require sophisticated equipment and skilled
personnel and proves to be cost effective. Its specificity
isextremely high. Its amplification efficiency is very high
because there is no time loss of thermal change. Nucleic
acid is amplified by the LAMP method and the turbidity
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derived from the precipitate is produced according to
the progress of the reaction and thus making it ideal for
easy monitoring through naked eye. It can be detected
through fluorescence by utilizing calcein, hydroxy naphthol
blue, SYBR Green I etc in naked eye. Both amplification
and detection of the gene done here in a single step, by
incubating the mixture of gene sample, primers, DNA
polymerase with strand displacement activity and
substrates at a constant temperature. As ithas high
amplification efficiency, DNA can be amplified 10°-1010
times in 15-60 min. Denaturation step is not necessary.!:3%14

Disadvantages of LAMP

Although LAMP has some advantages, it hassome
disadvantages too. Proper designing of primer is a major
constraintin this assay.®®© Multiplexing approaches
forLAMP are less developed than PCR. As primers are
large in number per target in LAMP, so chance of
primer-primer interactions are more.*3 Another problem
is the chance of carry over contamination. Contamination
chances can be narrowed to some extentby avoiding post
amplification opening of the tube. Sample preparation,
amplification and post amplification processing
(if needed) must be done in separate rooms to avoid
chances of contamination at all stages. Another
disadvantage is that LAMP cannot be used for amplifi-
cation of sequences of size more than 300bp.!

Conclusion

LAMP has the advantages of reaction simplicityand
detection sensitivitycompared with PCR.LAMP is an
innovative, new generation, geneamplification technique
that can amplify the targetsequence with a high degree
of sensitivity and specificityunder isothermal condition.3

As detection procedure is easy,i.e., on real-time nucleic
acid amplification, this assaycan be used as point of care
diagnostic toolfor infectious human or animal disease.
Thus, it will provide agreat platform for quick and accurate
identification ofdifferent pathogens in medical as well as
veterinaryfield.*3

Furthermore the importance of nucleic acid amplification
in various fields of science, such as forensic investigation,
food science technology, genetics and clinical diagnosis,
underscores the need to develop a robust technique that
will link the gaps in molecular diagnostics. Hence, more
needs to be done to utilize the full potentials of this
wonderful diagnostic tool and also promotes its application in
other aspects of biotechnology.
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