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The loop-mediated isothermal amplification method (LAMP) is distinguished by the utilization of at least four

different primers which specifically recognize six distinct regions on the target nucleotide sequence.

avian  virus  diagnostic  LAMP

1. Introduction

The loop-mediated isothermal amplification method (LAMP) is distinguished by the utilization of at least four

different primers which specifically recognize six distinct regions on the target nucleotide sequence . The LAMP

reaction is facilitated by unique  Bst  polymerase with strand displacement activity which does not require

denaturation of the double-stranded DNA during the amplification process. Since the heating of nucleic during the

denaturation step is inessential, reaction can proceed optimally at a constant temperature of around 60 °C to 70 °C

in a single step reaction . While the alignment of the LAMP primers at six target regions in one reaction further

increases the specificity of the assay, the reaction of this method is presented to be fast and much simpler without

reliance on expensive equipment. Using the LAMP method, positive results can be recorded in as little as 20 to 30

min in a single-step reaction . The detection of RNA can also be achieved by adding reverse transcriptase to

the reaction, or using isothermal polymerase with reverse transcription activity for reverse-transcription LAMP (RT-

LAMP).

2. Origin and Advancements of the LAMP Method

The discovery of the LAMP method by Notomi et al.  dates back more than two decades, and thereafter was

patented by Eiken Chemical Co., Ltd. in Tokyo, Japan . The gene amplification method was developed primarily

based on the application of the uniquely designed primers that function together in a set. The main LAMP primers

consist of a forward outer primer and backward outer primer called F3 and B3, respectively, and the key binding

primers that form the stem loops, creating a structure called the forward inner primer (FIP) and backward inner

primer (BIP), as depicted in Figure 1. The optional addition of loop primer forward (LF) and loop primer backward

(LB) serve as starting materials to enhance the DNA synthesis, and thus reduce the amplification time . The

duration of the LAMP reaction can be further shortened by the inclusion of a forward swarm primer and backward

swarm primer that target the upstream region of the FIP and BIP binding sequences .
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Figure 1.  Loop-mediated isothermal amplification (LAMP) primers binding on target DNA. Four principal LAMP

primers namely F3, FIP (F2 + F1c), B3 and BIP (B2 + B1c) bind on the complementary target regions and

amplifications proceed in the direction of 5′ to 3′.

Prior to the LAMP primer design, any target sequence should be analyzed to determine the region to which the

primer set would align; either to a specific strain or a conserved sequence within closely related species. Multiple

sequence alignment (MSA) of available genomes or published sequences identifies conserved regions, which

serve as the template for the primer design. A concise LAMP primer design is crucial to generate a set of functional

primers that would perform at optimum level under the feasible conditions. The features that should be taken into

measure are oligonucleotide length, compositions of guanine and cytosine (G-C content), melting temperature and

the stability of the primer ends. For the LAMP primers, F3 and B3 should have a length of 18 to 20 nucleotides,

while both FIP and BIP are set to have a functional length between 38 and 42 nucleotides . The G-C content

LAMP primer set would recognize a target region of within 300 nucleotides, short enough to detect small conserved

regions in many genes. The GC content in LAMP oligonucleotides, like most primers, is selected to be between

50% and 60% for GC-normal and GC-rich regions. For the melting temperature (Tm) of the oligonucleotides, the

value can be predicted using the nearest neighbour method to obtain a value around 55 °C to 60 °C for an AT-rich

region and 60 °C to 65 °C GC-rich region. Another key feature in LAMP primer design is the stability of the

oligonucleotide ends. The LAMP primer stability is calculated via the delta G value, in coherence with the standard

PCR primer design to be less than −4 kcal/mol .

While each parameter in developing the primers needs to be addressed precisely, the design steps have been

simplified using the available online software. The first and most widely used online software dedicated to LAMP

primer design is Primer Explorer (https://primerexplorer.jp/e/ accessed on 1 September 2021), developed by Eiken

Chemical Co., Ltd. (Tokyo, Japan). The free-access software can generate multiple sets of LAMP primers based on

the input target sequence with automated yet adjustable primer designing parameters. Besides, several LAMP-

designing primer software packages have also been created to ease research in developing the LAMP method for

a wide range of applications; 

3. LAMP Application in Screening of Avian Viruses

3.1. Detection of Avian Influenza Viruses of Multiple Subtypes
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Avian influenza viruses (Influenza A virus) are the highly infectious viruses that have affected the poultry industries

for many years. The highly pathogenic avian influenza (HPAI) virus has caused severe economic damage to the

poultry industry with up to 100% mortality. For example, the outbreak of avian influenza H7N1 in Italy caused more

than 13 million chicken deaths from 1999 to 2000 . The affected hosts are not only food producing birds such as

the chicken, quail and turkey, but also pet birds and wild birds. As a result of high vulnerability and mortality in

chickens due to the HPAIs, monitoring and screening against such viruses are crucial to secure the essential

poultry source and control the spread of the avian influenza diseases towards susceptible environments. Sporadic

cases of zoonotic infection of animal-to-human transmission that ended up with mortality have also been reportedly

caused by avian influenza virus subtypes H1N1, H2N2, H5N1, H7N7 and H7N9 .

Influenza A virus is the only species that belongs to the genus of Alphainfluenzavirus, with major natural reservoirs

in birds and some mammals . Many subtypes of the Influenza A virus have been discovered, and classifications

are made according to combinations of the different viral glycoproteins hemagglutinin (H) and neuraminidase (N).

Among the highly pathogenic subtypes are H5 and H7 . These RNA viruses have a total of around 13.5 kb of

genome that are divided into eight RNA segments. The efforts in screening of influenza A viruses have been crucial

to control the spread of the pathogens while mitigating the losses caused. Together with conventional and sensitive

screening methods such as qPCR, RT-qPCR, nucleic acid sequence-based amplification (NASBA) and next-

generation sequencing (NGS), the LAMP method has been applied for genetic detection of the highly pathogenic

avian viruses .

The widespread avian influenza virus subtype H5N1 has been accurately detected using the LAMP method in

many studies . The detection of avian influenza virus subtype H7 using the LAMP method has

shown a promising sensitivity at a level of 0.01 PFU/tube in the assay, which was 100-fold more sensitive than RT-

PCR in a comparison study . The sensitivity obtained in the H7-RT-LAMP method is in agreement with the

research on LAMP diagnosis against avian influenza virus subtype H5 . The detection limit of the LAMP method

in detecting the LPAI H7 subtypes was also as good as that of HPAI . Clinical samples of throat and cloacal

swabs have higher predictive value in surveillance screening of highly pathogenic influenza viruses . From a

cultured specimen containing avian influenza virus subtype H9, the detection rate of confirmed positive samples

using RT-LAMP was recorded at 100%, while RT-PCR had a lower positive rate at 91.8% due to several false

negative results . The detection limit of the H9 subtype was recorded at 10 copy numbers, which is tenfold more

sensitive than that of RT-PCR . The RT-LAMP method developed for the detection of avian influenza subtype

H7N9 showed that the assay is highly specific with sensitivity of up to 50 copies/reaction and applicable for a direct

RT-LAMP without the additional nucleic acid extraction step . The high sensitivity level of the RT-LAMP method in

the previous avian influenza studies indicates that this method is viable for the detection of the early stage or newly

acquired infections with low viral amounts. Recently, a set of LAMP primers designed on the matrix (M) gene

of Alphainfluenzavirus was able to screen all subtypes of avian influenza viruses, which included positive detection

of subtypes H1, H5 and H9 from clinical specimens . The broad-range LAMP method has recorded a faster

detection time in all reactions as compared to the previous LAMP method targeting the matrix (M) gene .

3.2. Screening of Polyomaviruses in Birds
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Polyomaviruses of birds under the genus Gammapolyomavirus or Avipolyomavirus  consist of several species of

virus that are host-specific to different species of birds. Among the recorded species of avian polyomaviruses in the

virus taxonomy are budgerigar fledgling disease virus, Adelie penguin polyomavirus, butcherbird polyomavirus,

canary polyomavirus, crow polyomavirus, finch polyomavirus and goose hemorrhagic polyomavirus .

Known to cause diseases and mortality in many species of birds, this group of avian polyomaviruses carry a

circular genome of around 5 kb of double-stranded DNA in a non-encapsulated icosahedral capsid .

Pathological symptoms of birds infected with avian polyomaviruses, following clinical analysis and histopathologic

lesions, include hepatitis, hydropericardium and ascites . Fledgling or young birds are the main groups

affected by avian polyomaviruses with high morbidity and mortality rates, and the positive cases are more

prominent with birds kept in captivity with close proximity .

The incidences of goose hemorrhagic polyomavirus (GHPyV) infection have caused economic losses in waterfowl

production at large scale, with a 32% mortality rate of young goslings reported in Poland . Adult parrots

infected with budgerigar fledgling disease virus (Aves polyomavirus 1, APyV) are more resistant to the

inflammatory diseases and while they appear to be asymptomatic, the virus can be shed via feathers and faeces

for up to 6 months . The fact that the virus can survive in an outside environment for many months raises

concerns for swift yet efficient measures such as early screening, cage sanitization and isolation of the infected

birds. Budgerigar fledgling disease virus is also observed to co-infect parrots together with beak and feather

disease virus (BFDV) in many cases . Hence a diagnostic method that is able to segregate the existence

of different viruses is necessary to give specific treatments for the infected birds.

Among the developed diagnosis methods for the molecular detection of different avian polyomaviruses are LAMP,

PCR, qPCR and enzyme-linked immunosorbent assay (ELISA) . A study on the detection of goose

hemorrhagic polyomavirus in geese and ducks showed the LAMP method has a good sensitivity in limit of

detection test at 1.5 pg of extracted DNA, despite qPCR displaying 100-fold more sensitive results . Positive

detections were recorded from clinical specimens with diseased symptoms, indicating the consistency of the LAMP

method in detecting the virus as confirmed by the qPCR results using the similar specimens . To verify the

possibility of any cross-reactivity, the optimized LAMP method was tested against GHPyV with other pathogens

present in ducks and geese to observe the potential of cross-reactivity that might lead to a false positive result.

Prevalent infections of budgerigar fledgling disease virus (APyV) among parrots are concerning, and should not be

neglected in the pet bird industry as well as the global parrot population, which is why the LAMP method has been

recently developed for efficient screening of this virus . Using hydroxyl naphthol blue (HNB) in the reaction

mixture for direct monitoring of the results, the colorimetric LAMP method on budgerigar fledgling disease virus has

shown 100% sensitivity and specificity in diagnostic performance . The exclusivity of the developed LAMP

method was also assessed using different avian pathogens, including the BFDV that commonly co-infects parrots

. The limit of APyV detection was observed at 500 copies/reaction for both LAMP and PCR methods . The

analytical sensitivity results of LAMP being as great as, if not greater than, those from qPCR suggests that the

LAMP method is satisfactory to replace the standard diagnostic as a handy and cheaper alternative, especially for

diagnostic application in small veterinary clinics or on-field screening.
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3.3. Diagnosis of Circoviruses in Different Avian Hosts

Circoviruses are among the cluster of small viruses in the Circoviridae family, with non-enveloped icosahedral

virions of approximately 20 nm in diameter. Enclosed within the virions are circular genomes of single-stranded

DNA, with sizes ranging from 1.8 kb to 2.2 kb according to the species that infect different mammalian hosts.

Within the avian hosts, infections of circoviruses have been reported in the goose, canary, pigeon, swan, duck and

parrot . Circoviruses in avian hosts are identified to cause immunosuppression, making the hosts

much more vulnerable to secondary infections and eventually leading to mortality .

Goose circovirus (GoCV) is often associated with runting and stunting syndromes in the commercial geese flock

with a high degree of mortality . Feather disorders are the non-specific clinical symptoms while pathological

studies revealed hemorrhages and splenomegaly . The virus also causes T-lymphocyte depletion in lymphoid

organs, which results in an immunosuppressive effect . Screening of this virus via the LAMP method offers early

detection to swiftly isolate the infected birds from the remaining flock, especially when asymptomatic infections

occur . The simple diagnosis method was developed by specifically targeting the Vgp4 gene of the GoCV, which

codes for one of the viral capsid proteins. The LAMP method on goose circovirus showed a detection limit at 100

pg DNA equal to the qPCR method, while no false positive was observed with DNA samples of other avian viruses

infecting geese such as goose hemorrhagic polyomavirus or goose parvovirus . Field samples with clinical

symptoms were tested positive at 97.4% sensitivity using the optimized LAMP method in comparison study with

qPCR assay .

As the name itself suggests, beak and feather disease virus (BFDV) has been identified to cause severe feather

loss and abnormal beak shape as the significant symptoms of this circovirus infection in parrots, similar to the

goose circovirus symptoms . BFDV infection is the most common viral disease affecting parrots, highly

transmittable horizontally and vertically to more than 60 different species of psittacine . A LAMP study has

demonstrated an excellent limit of detection against BFDV at 3.5 fg of viral DNA following optimal reaction

temperature at 63 °C . Clinical specimens of tissues and livers from parrots suspected to be infected with BFDV

were tested with both conventional PCR and optimized LAMP methods, where the LAMP method showed greater

sensitivity by detecting more positive samples . The application of this simple sample pre-treatment method

highlights the feasibility of LAMP in detecting target pathogens in different types of samples for a rapid diagnostic

procedure. In a more recent development, the LAMP reaction has been incorporated with swarm primers to reduce

the reaction time of BFDV detection to 40 min of complete reaction time and the results can be directly visualized

with color changes of the hydroxy naphthol blue dye . LAMP with swarm primers also demonstrated a great

improvement in diagnostic performance by showing 100% clinical sensitivity from 71% of the standard LAMP

method, following BFDV detection from psittacine samples of blood, feather, tissue and cloacal swabs . Early

and rapid diagnosis using the LAMP method to screen infected parrots prior to any international trade would help to

control virus transmission .

3.4. Screening of Immunosuppressive Viruses in Chickens
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The economically endangering chicken anemia virus (CAV), or Gyrovirus, was once grouped within the family of

Circoviridae until a recent taxonomical classification was made to classify the virus into the family of Anelloviridae

due to significant differences in genome organization . As a sole species under the Gyrovirus genus, this

single-stranded DNA virus has caused the infectious chicken anemia disease that affects the poultry industry

worldwide . Similar to the viruses from the Circoviridae family, CAV is known to cause immunosuppression of the

host by replicating inside the cortex thymus to destroy the precursor T cells . The immunosuppressed chickens

are more likely to acquire secondary infections that increase morbidity and mortality, which ultimately cause

economic loss. Another replication site of the CAV is in hemocytoblast of the bone marrow, where the destruction of

these stem cells leads to aplastic anemia . Epidemiological studies showed that CAV infects a majority of chicks

as young as 1 day old, making them the most vulnerable group via the vertical transmission of hatching eggs .

Meanwhile horizontal transmissions can occur via the fecal–oral route and diseased feather follicle epithelium from

the infected litter within flocks . Complete eradication of CAV in contaminated cages is less likely due to the virus

having high resistance to heat and chemical disinfectants . While currently there is no proper medication to

specifically treat CAV infection, a common approach in controlling the viral outbreak is through vaccination of the

breeding chickens prior to the stage of egg production . Immunological assays, conventional PCR and viral

isolation are the diagnostic methods used to screen for the presence of CAV . Though viral isolation is not

often applied for diagnosis due to the meticulous procedures needed together with high cost, a novel LAMP

detection of CAV was proposed as a simple and inexpensive alternative. The LAMP method targeting the VP2

gene of CAV was able to detect template DNA at a minimum amount of 100 fg within 30 min of reaction . CAV

DNA from the liver of an infected broiler chicken was successfully distinguished by the LAMP method,

corresponding to the clinical result from the conventional PCR method . This method can be adapted as a

suitable tool for occasional surveillance and epidemiological studies of CAV infection.

Marek’s disease virus (MDV) or the scientific name Gallid herpesvirus 2, a pathogenic and oncogenic serotype 1 of

the family Herpesviridae, is one of the most infectious pathogens in poultry production . It was reported that

ubiquitous MDV infections occurred frequently in more than 70 countries, including the emergence of very virulent

strains (vvMDV+) . Upon entry via inhalation of infected dusts, MDV is transmitted to B cells and T cells for viral

replication to take place, which may cause cell death . The infected cells reach latency phase to proliferate

abnormally and spread within the host, causing tumors in the liver, spleen and kidney . The vaccination

programs for MDV have reported an increase in demand for the protection against this avian virus, including

double dosage and revaccination, which highlights the urgency to tackle Marek’s disease globally . Several

studies have utilized the LAMP method in detecting the presence of MDV, where the findings highlight efficiency

and accuracy of this simple method as the major advantages in handling viral diagnosis . Clinical

evaluation has shown a positive detection rate at 95%, with the limit of detection as low as 50 copies . In a

very practical method, the dust of fine skin particles and feather debris from chickens infected with MDV were able

to produce positive detection using a simple heat treatment method .

Another immunosuppressive disease affecting the poultry industry is infectious bursal disease (IBD), instigating

morbidity of almost 100% in susceptible flocks while very virulent strains are deadly enough at a mortality rate of

around 60% . IBD is also known as Gumboro disease and infectious bursitis, caused by the only species of
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the Avibirnavirus genus, namely infectious bursal disease virus (IBDV) . This double-stranded RNA virus is most

lethal towards young chicks of age between 3 to 6 weeks old at lower antibody levels . Pathogenic Serotype 1

of IBDV destroys the B lymphocytes in the chicken’s bursa, impeding the host humoral immunity and consequently

becoming more vulnerable to secondary infections by other pathogens . RT-LAMP tested against the IBDV

positive clinical samples demonstrated 100% sensitivity and specificity . Using a biotin-labeled DNA probe

designed to target the amplified RT-LAMP products, a lateral flow dipstick was applied for the molecular detection

of IBDV . FITC-labeled probes were added following the RT-LAMP reaction for the hybridization to occur with the

DNA probes. The positive result could be visualized using naked eyes by either the turbidity of the white precipitate

or the dark purple band developed on the test line of the dipstick .

3.5. Wide Application of LAMP against Notable Viruses in Poultry Industry

Apart from these highlighted avian viruses that have been successfully screened using the sensitive yet rapid

LAMP detection, this method has been widely utilized in many other viruses that adversely affect the poultry

industry. Such LAMP application includes distinguishing the subgroup of avian leukosis virus (ALV) from other

exogenous Alpharetrovirus subgroups . The ALV subgroups are segregated based on the glycoproteins of the

viral envelope, a major factor that regulates antigenicity, host range and the occurrence of viral interference among

the group . While all the ALV field strains are oncogenic, the neoplastic lymphoid leukosis disease triggered by

this cluster of RNA viruses on chicken flocks needs to be identified and addressed specifically according to the

subgroup. Infectious bronchitis virus (IBV) is another major cause of respiratory disease in chicken farms that has

been underlined with the urgency of rapid diagnosis via the optimized LAMP method . With single-

stranded RNA avian coronavirus as the causative agent, from the Coronaviridae family, IBV was first tested with

RT-LAMP at the conserved regions of the nucleocapsid gene . Through an innovative mRT-LAMP-LFD, a

multiple LAMP method was coupled with a lateral flow dipstick for simultaneous detection of IBV and the

contagious Newcastle disease virus (NDV) . In the diagnostic tests, the presence of IBV and NDV on clinical

samples detected using the mRT-LAMP-LFD assay were at decent sensitivity rates of 98.65% and 97.25%,

respectively. Single-step RT-LAMP on IBV that relies on fluorescence emissions was developed to facilitate semi-

quantification of the virus spread at molecular level in veterinary laboratories which lack mainstream instruments

.

Besides chickens, ducks are also heavily affected by avian viruses in large-scale poultry production. Duck viral

hepatitis (DVH) is a lethal and highly contagious disease typically affecting young ducklings. Known to be

associated with substantial liver lesions with a concerning death rate, the most widespread viral strain is named

duck hepatitis A virus type-1 (DHAV-1) from the Picornaviridae family. The presence of this RNA virus was

distinguished through an established RT-LAMP method by targeting the conserved regions in the 3D gene, with a

detection limit as low as 0.3 pg . The RT-LAMP method was also used to detect Tembusu virus (TMUV), a

species of Flavivirus virus that causes large economic loses in egg-laying and breeder duck farms, especially in

China . This virus species from the Flaviviridae family is associated with many forms of transmissions, such

as mosquito borne, airborne, direct contact and vertical transmission, which could all be regulated through point-of-

care detection at infected farms using the viable RT-LAMP method . Advocated as a minimal technology
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analytical tool, routine screening in poultry farms would surely be of benefit to regulate any virus transmission to

avian hosts.

Figure 3  summarizes the viruses (in short form) detected using the LAMP method as discussed throughout the

content under different groups of the avian hosts; chicken, duck, goose and parrot.

Figure 3.  Summary of the discussed avian viruses that have been screened from chickens, geese, ducks and

parrots using the established LAMP methods.
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