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ABSTRACT 
 

The Medical diagnostic process requires more various methods to cover all sorts of clinical 
demands. Those methods depend on the types of samples and the requested analysis. The Medical 
diagnostic is considered as a process until making a clinical decision about a physiopathology or 
infection through medicals analysis. Nucleic acid amplification methods continue to play a role in 
these medicals analysis processes, but, many gold conventional standard Methods are time-
consumers, less sensitive, technically challenging. It is that reason why recently, after the 
development of the PCR technique; the real-time PCR became a frequently requested tool to 
diagnose the virus, bacteria, fungal and parasites infections in different pathologies, especially in 
developed countries. However, its availability remains a big problem in resource-limited countries 
like Africa continent. It is because of the issue due to cost, technology, human resource            
constraints and the remote areas with limited access to laboratory facilities which stays also a major 
problem.  
Nucleic acids amplification methods remain to be expensive, not accessible for all laboratories. In 
addition to this, they are easily inhibited and contaminated by the other biochemical reagents time-
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consumer, for this reason, other methods of nucleic acid amplification under isothermal conditions 
have emerged each with its  particularities. Despite their successes, molecular biology should              
have a method that combines many of the advantages and accessible everywhere. So, in 2000, the 
LAMP method was developed and offered many advantages such as speed, specificity, high 
sensitivity and the cost of very low equipment. In this review, we present the different studies to 
confirm the advantages of LAMP that we consider as an alternative to PCR in molecular  
diagnostics with a wide range of use on clinical samples and in scientific research and also, the 
method to save the Africans patients from the high cost and time consuming of other amplification 
methods. 
 

 

Keywords: Polymerase chain reaction; loop-mediated isothermal amplification; molecular diagnosis; 
biological samples; diagnostic methods; medicals analysis. 

 

1. INTRODUCTION  
 

Loop-mediated isothermal amplification                  
LAMP is a nucleic acids amplification                   
method which principle is the reaction carried out 
with a set of 4 to 6 primers to recognize 6 to 8 
distinct target sequences of DNA regions, it is 
based on Loop and uses the strand displacement 
activity of Bst Polymerase (Bacillus 
stearothermophilus) conditioned about 60 to 
65°C. 

 
It is a novel isothermal amplification method and 
is used in rapid diagnostic testing of viruses [1], 
bacteria [2], fungi [3], and parasites [4] in all sorts 
of biological samples. Derived from the famous 
classical polymerase chain reaction (PCR), it 
presents many advantages like to be low-cost, 
no thermocycler required, tolerant to sample 
matrix inhibitors And it performs with the              
various products detection methods like 
fluorescent dye, real-time detection, lateral flow 
assays, and gel analysis [Fig. 1] but it is                
difficult to multiplex as a disadvantage compared 
with classical PCR or other amplification 
methods; this method amplifies the nucleic               
acids with high specificity, efficiency, and rapidity 
under isothermal conditions [5]. It was                     
more sensitive than the gold standard                 
method and performed in the early stages of 
infectious manifestations and used in cases for 
which differentiating infectious agents is difficult 
[6]. 
 

It helped to differentiate the infection from the 
different agents of the same family and in the 
clinical decision about the therapeutic agent to 
use for treatments that differ from infectious 
agent to other [7]. In addition to this, it is a              
good choice in molecular diagnostics because               
of its high degree of specificity without                
cross-reactivity, efficiency, and speed [5]                 
than almost of conventional methods for the 
diagnosis of different pathologies. LAMP                

shows to be simple and it doesn’t require a              
well-equipped laboratory. It has also the privilege 
to examine the results with the naked eye to 
detect the positive reaction with a high 
concordance rate with the conventional PCR 
results [1]. 
 

Advantages of LAMP have pushed the             
different researchers to evaluate this method and 
concluded the interesting results like the 
effectiveness, valuable, robustness and power of 
this innovative method [6] The use of more              
than four primers is a special feature which  
offers this method a high specificity which               
was evaluated in several viral and bacterial 
species which are commonly present in                 
same specimens [8] or same family [1] this 
method has shown the positivity without                
cross-reactivity or false positivity. It was                    
also tested and succeeded in renal transplant 
recipients [9] and concluded his potentiality to be 
developed for “point of care”. It is a simple tool to 
reduce the cost of medicine to the 
immunocompromised patients infected with              
the opportunists’ virus [10] it is known to            
tolerate the biological substances contamination 
and low inhibition rate. The comparison of            
LAMP and PCR has given the possibility to 
understand the detection limit and clarification 
about sensitivity and specificity in different 
assays. It was useful to understand the 
association between congenital human infection 
and active maternal infection during pregnancy 
[11]. 
 

2. THE PERFORMANCE OF LOOP-
MEDIATED ISOTHERMAL AMPLIFICA-
TION WITH OTHER DIAGNOSTICS 
METHODS 

 

Patient treatments require sure diagnostics 
process. The clinical decision is suggested by 
the medicals analysis results. Today, many 
methods are proposed in different medicals
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Fig. 1. Standard procedure using LAMP method, it is simple, rapid, specific and cost-effective 
the master mix consists of primers, DNA polymerase with strand displacement activity, dNTPs, 
reaction buffer added DNA/RNA samples and Reverse transcriptase (in case of RNA), and The 

procedure simply consists of incubating the template sample and the above reagents at a 
constant temperature between 60-65°C for 15 minutes to 1 hour, the amplification can be 

detected through the presence of amplified product. [Figure from Eiken chemical genome site] 
[5] 

 

domains to perform. But some methods make 
more advantageous than others because of short 
timing, efficiency, sensitivity and the cost of 
methods to save the patient’s life. It’s known that 
to have more different diagnostics methods for 
the same medicals analysis demands stay 
obligatory in laboratory statements guide, this, is 
to make sure of results quality control. To choose 
these methods may request the advantages of 
the feasibility of one to the other method 
comparing the results concordance rate. There 
are several diagnostics methods for the detection 
of infection in clinical and environmental samples 
[Table 1]. The problem stays that the gold 
standard methods for diagnosis are not sensitive, 
expensive, technically challenging and time 
consuming due to the false positivity and the use 
of thermocycler. The early false seronegativity 
because of antibody screening lack for example 
before conception of pregnancy woman stays a 

problematic to the newborn. In addition to this, 
the cross-reactivity error complicates those 
methods. some infection requires the invasive 
test like a histopathological examination that is 
limited in application [12]. LAMP is accessible for 
all, its methods process can be conducted in the 
laboratory water bath or heating block and 
amplifies the nucleic acids in isothermal 
conditions about 63° to 65°C [4]. 
 
LAMP performs in microorganisms’                 
detection. Here, the conventional culture 
methods are requested, but, this culture                
takes more than a day for isolating and 
identification of pathological microorganism that 
stays time-consuming, Using LAMP in the             
same condition, the results will be ready               
about less than 90 minutes [13]. This method is a 
time-saver; it can also play the role of                  
quality control of some culture major 
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Table 1. Table for comparing performance of LAMP method with other diagnostics methods 
 

Authors  Target pathogen agent  Comparison methods  Limit of detection  Sensitivity  Specificity  
Kelly A et al. [20] Treponeme strains RT-PCR ≤ 70fg/µl 100% 100% 
Yamazaki W et al. [13] Campylobacter spp.  Direct plating 5.6×103 CFU/g 81.3% 96.6% 
Xiaoli Wang et al. [11] Cytomegalovirus RT-PCR >10 copies/tube 86.96-100% 97.24-100% 
Chang-ki Kim et al.  [15] Pulmonary tuberculosis SM unspecified 92.0% 58.8% 
Guang xiang W et al. [16] Orf virus  QRT-PCR 10 copies/ tube  89.13% 100% 
Xing-Wei N et al. [21] Echinococcus granulosus Copro-ELISA unspecified 100% 88.8% 
Sotiriadou I et al. [19] Toxoplasma gondii IFT unspecified 100% 100% 
Bakhtiaria S et al. [8] Helicobacter pylori PCR 102 CFU/ tube 100% 100% 
Adama L. Bet al. [22] Pulmonary tuberculosis Genexpert unspecified 99.0% 94.0% 
Yoshiki M et al. [23] Staphylococcus aureus Drt-PCR unspecified 92.3% 100% 
Sema M et al. [24] Plasmodium falciparum Film microscopy unspecified 96.8% 84.3% 

SM: smear microscopy, RT-PCR: Real-time polymerase chain reaction, QRT-PCR: Quantitative PCR, Copro-ELISA: coproculture coupled with enzyme-linked immunosorbent 
assay, IFT: immunofluorescence test, Drt-PCR: Duplex real-time polymerase chain reaction 
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contaminants like Mycoplasma [14]. It is               
known that the routine viral culturing may be 
sufficiently sensitive for the identification of   
some virus like cytomegalovirus. However,                
this method is labor-intensive and subjective              
and also it may take more than 14 days for the 
virus to be propagated and identified [11].               
That shows the advantages to use this 
isothermal method. In addition to this, the  
routine sputum smear microscopy has                           
been the primary method for the diagnosis                   
of pulmonary tuberculosis. But, when the 
bacterial load is less than 10.000 organisms               
per milliliter, the sensitivity is grossly 
compromised. It means smear microscopy                 
has a significant limitation in its performance                
so in this case TB-LAMP has performed                    
and it could be used as a quality controller of 
smear microscopy results because of its                    
high sensitivity and simplicity as it can be                   
read with the naked eye under ultraviolet light 
[15]. It could help save the patients in low and 
middle income-countries where the mortality 
increases. 
 
The sensitivity of the LAMP shows being the 
same with whose classical PCR [16]. Some time 
more sensitive and reliable than conventional 
PCR [17], it may be because of the omission of 
DNA purification step and the take away of the 
thermocycler. Without forgetting the tolerance of 
LAMP to the different biological substances [18] 
while Multiplex PCR shows some cross-
reactivity, contamination, and inhibition in some 
microorganism’s species. In this way 
immunofluorescence has shown being less 
sensitive, and, it makes many false-negative 
results in some samples whereas LAMP                    
stays efficient [19]. Generally, all diagnostics    
and research methods show the role in              
specifics areas. So, to Integrate LAMP could play 
a role and offer the advantages of low costing 
and time-consuming through its potentiality to 
detect early the specific infection or 
contamination and it will help for confirmation of 
results, quality control and the efficiency of 
medicals process. 
 

3. LAMP WITH THE BIOLOGICAL 
SAMPLES IN CLINICAL ASSAYS  

  
To validate the usefulness of this method in the 
different biological samples, many pieces of 
research were reported and LAMP method has 
been performed to all kinds of liquid biological 
samples like whole blood, urine, feces, vaginal 
samples, cerebrospinal fluid, bone marrow, 

ascites fluid, pleural fluid and ocular liquid 
vitreous specimens [1]. The various pathogen 
agents were detected to prove the application of 
LAMP method from asymptomatic to 
symptomatic. Infection and children to adults. 
 
3.1 Bacterial Detection 
 
The bacterias are found in many different 
infectious diseases as causal agent. LAMP 
method has been used to detect staphylococcus 
aureus a most important pathogen of nocosomial 
infection [23] and it appeared to be a sensitive 
and reliable novel method to diagnose MRSA 
bloodstream infection for appropriate antibiotic 
therapy. Even if, the growth rate of 
Mycobacterium tuberculosis stays slow, this 
method has also proven his efficiency through its 
high sensitivity for early detection [27] and it 
stays a fast noninvasive method to detect                  
the helicobacter pylori where it can be                    
used alternatively with other serological methods 
[28].  
 

3.2 Fungal Detection  
 

Fungi stay the dangerous infection to the 
immunocompromised patients in the world, 
LAMP method may be very important tool where 
fungal infections are the major cause of morbidity 
and mortality in debilitated or 
immunocompromised patients like Candida 
albicans [30]. This nucleic acid amplification 
method stays the only molecular method to be 
on-site testing application because of his 
advantages of simplicity and rapidity without the 
well-equipped laboratory; it can be used for 
phytopathogenic, mycotoxigenic, and medically 
relevant fungi and yeasts [31]. LAMP was 
performed in different aspects of fungial infection 
and it was able to detect with specificity the 
pathogenic species [32]. The spread of 
dermatophytosis caused by Trichophyton 
tonsurans among contact sports athletes was 
identified with LAMP method [33]. The 
respiratory infection like Histoplasma capsulatum 
in the endemic region with a high mortality rate 
[34] and the conditional pathogen which is       
the major cause of life-threatening in 
immunocompromised patients like Aspergillus 
fumigates [35]. This shows that LAMP method is 
very used because of the advantages that it has. 
 
3.3 Viral Detection 
  
The method LAMP has always his place as the 
low cost and rapid diagnosis method; it is a 
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method who resolves many public health 
problems in diagnostic about the price of chronic 
diseases like Hepatitis C [25]. It has expanded its 
detection range until some virus which has a 
highly contagious nature where the disease 
could be rapidly spread in close communities like 
influenza [29]. Without forgetting Zika infection 
during pregnancy which can lead to miscarriage 
and severe neurological birth defects [26]. This 
test is recommended like an easily distributed 
and implemented method to fight against the 
highly virulent virus in humans as Ebola 
hemorrhagic fever in West Africa. 
 

3.4 Parasites Detection  
 
The parasites are not isolated in LAMP method 
detection, because, it has been performed to 
detect Plasmodium sp. which is an 
intraerythrocytic parasite the pathogen agent of 
Malaria [37,57,58]. Leishmania an Intraleucocytic 
parasite [64] and Extracellular parasite like 
trypanosome brucei [65]. So, with LAMP 
amplification these parasites can be detected on 
low cost and rapidly and save the patients 
economic crisis. 
  

4. COMBINATION AND MODIFICATION 
OF LAMP AS A NOVEL POWER OF 
SUCCESS  

 

In the beginning, this method was just for DNA 
amplification, after the success of classical LAMP 
method, some modifications were developed and 
evaluated to empower this method for being 
optimized and unlimited. RT-LAMP was 
developed and evaluated by taking it a step 
further and combining it with a reverse 
transcription phase to allow the detection of 
RNA. it is similar to RT-PCR and uses reverse 
transcriptase to synthesize complementary DNA 
(cDNA) from RNA sequences. This cDNA is then 
amplified with LAMP protocol method in 
isothermal conditions between 60 and 65 °C. RT-
LAMP was developed to detect the retrovirus 
range in infectious diseases like Dengue virus 
[36], foot-and-mouth-disease virus and its 
serotypes [37], Potatovirus Y [38]. 
  
To facilitate the clinicals detection in endemic 
countries, the portable device capable of 
performing both the amplification and detection 
(by fluorescence) of LAMP in one platform was 
developed and this real-time fluorescence LAMP 
was useful in Malaria detection [39]. 
 
Digital microfluidic flow is a device that arises the 
next step in the fast-evolving field of operating 

platforms in molecular diagnostics, to detect the 
LAMP products DMF-LAMP was developed [40]. 
This microfluidic device is made up of the valves, 
mixers, and pumps capable of controlling the 
fluid flow within the device and other components 
useful for sample pre-treatments or detection, 
this microfluidic-coupled LAMP amplification was 
developed and the application was automated 
nucleic acid amplification of classical LAMP 
protocol. 

 
Even if LAMP method is known to detect a single 
target, it can also be developed to achieve 
multiplex LAMP-based detection like a novel 
approach called the multiple endonuclease 
restriction real-time LAMP assay [41] this is an 
extension of LAMP to accommodate target-
specific, robust and multiplex detection, provides 
a molecular diagnostic tool with less detection 
time, high sensitivity and specificity compared 
with those of LAMP and quantitative real-time 
PCR. The parasitic DNA can serve as molecular 
biomarkers and this method LAMP can perform 
to detect their presence in the human host like 
Helminthes Infections [42] and Malaria [43]. Also, 
in the most important neglected diseases like 
visceral leishmaniasis [44]. 

 
The simplicity of the LAMP method can also 
perform on paper-based diagnostics devices with 
the advantages of detecting multiple DNA targets 
[45]. This device has received particular attention 
because paper is a simple, low-cost material. 
The paper has natural microfluidic channels and 
has a natural capillary action through their 
porous structures and it has been accepted as a 
great alternative for future POC testing. This 
device was performed in bacterial meningitis 
dans détection.  

 
Not only the DNA target, LAMP can be modified 
and use detecting the pathogen-specific 
antibodies like LAMPole [42] that consists a 
conjugation chemistry that bonds the DNA 
element to the polypeptide without inhibiting IgG-
binding activity or interfering with the ability to 
promote LAMP, here, it is possible to measure 
protein analytes by creating a protein-DNA 
fusion. LAMP has been modified to permit having 
a large using interval range of detection like The 
Direct Boil-LAMP method In the parasitic 
pathogen detection of cutaneous leishmaniasis 
[46]. 

 
LAMP method can be combined with malachite 
green to make a rapid colorimetric assay, here, 
the different concentrations of malachite green 
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can be added with LAMP reaction mixture and 
the products will be detected by naked eyes.it 
was performed to detect an haemoplasmas 
feline, the infectious agent of feline anaemia [47].  
 

LAMP method can be combined with lateral flow 
dipstick-based and uses a biotin product 
hybridized with a digoxin-labeled DNA probe that 
is complexed with a gold-labeled anti-digoxin 
antibody; this assay has been an alternative 
method of immunoblot assay. It was helpful to 
develop a novel strategy that enabled to detect 
the nucleotide mutations using single-step and 
close-tube reactions primer-activatable LAMP 
(PA-LAMP) [48] this has shown that Loop-
mediated isothermal amplification LAMP is a 
useful platform for nucleic acids detection in 
point-of-care (POC). The genetic diversity based 
on mitochondrial DNA (mtDNA) D-loop sequence 
[49] was performed using this method to know 
the species-specificity [50].  
 

To optimize the maximum quality results of this 
nucleic amplification method, it was shown that 
pullulan can reduce the non-specific amplification 
which will be the advantageous benefits 
comparing to the using of bovine serum albumin, 
DL-dithiothreitol, dimethyl sulfoxide, 
tetramethylene sulfoxide and glycerol [51].  
 
Using the LAMP methods gives many manners 
for detecting the results like gel analysis, real-
time turbidimeter detecting, fluorescence dye, 
lateral flow dipstick LAMP-LFD that consists 
using of biotin labeling primers in LAMP mixture 
and digoxin hybridization probe and it has shown 
to be most sensitive 1000 times than 
conventional PCR [52]. LAMP can help to know 
the Food poisoning frequently caused by the 
accidental ingestion of toxic plants with strong 
morphological similarities through its absolute 
specificity to edible plants for example false 
helleborine (Veratrum album), which is a 
commonly involved in such incidents [53] By 
chemical analysis of natural compounds.  
 
The LAMP products can be detected as portable 
to provide a rapid and effective determination for 
disease pathogens. For this, it has developed a 
handheld, automatic and detection system-free 
thermal digital microfluidic (DMF) device for DNA 
detection [54]. Through the different researches 
around, it reported the success of this             
isothermal method on DNA and RNA that has 
pushed the scientists far again in research               
like RT-LAMP to detect the Zika Virus in Brasil 
[55]. 

LAMP can use the properties of Rolling circle 
replication to detect the micro RNA [56]. The 
results of LAMP modification upgraded the 
quality and open access to other biomedical 
methods and make LAMP the technique of the 
future. It is reported that LAMP sensitivity can be 
increased by adding a denaturation step about 
96°C for 5 minutes before incubation of reaction 
mixture at isothermal conditions [10], This 
modification has helped to expand the detection 
range of LAMP about the clinical samples with 
early infections [57]. 
 

 5. THE NON-DEVELOPED COUNTRIES 
PROFIT TO SAVE THE COST OF 
MEDICAL ANALYSIS  

 
World Health Organization reports that sub-
Saharan Africa confronts the world's most 
dramatic public health crisis this is added to the 
fact that more people in Africa have little-income. 
Medicals analyses are involved in the monitoring 
of our daily lives in clinical decision making, but 
the cost constraints stay a challenge, LAMP 
method is performing as proof that scientific 
researches can defy medicals analysis cost 
visual view to the advantages that this method 
presents. 
 
This method can be helpful like a portable device 
and low-cost to help in on-site diagnostics in non-
developed countries especially in remotes 
regions where there are any medicals 
infrastructures like a laboratory and the endemics 
diseases like malaria and Ebola can be 
constantly inspected. LAMP amplification method 
doesn’t require a DNA extraction step and the 
thermocycler, this is very beneficial in shortening 
the diagnosis time and cut the cost of the use of 
real-time PCR which is costly and found only in 
the well-equipped laboratory [58]. The study has 
reported the detection of tuberculosis, sleeping 
sickness, and recently Strongyloides with the 
LAMP method; this decreases the economic loss 
in patient’s people profits [59,60].  
 
Based on the advantageous roles that can play 
LAMP in the different molecular diagnostic 
system and this manner to relate this method 
with technology make it the future ambitious 
method to evaluate again. 

 
The application of this Loop-mediated isothermal 
amplification in evaluating and managing 
diagnosis in certain types of disease, such as 
acute malaria [61,62] and it has given a new 
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dimension to the gradually growing field of 
minimal residual disease management. The 
simplicity, sensibility, and specificity of loop-
mediated isothermal amplification put it in a very 
good position for future development in life-
threatening disease diagnosis. It is anticipated 
that the loop-mediated isothermal amplification 
market will grow significantly during the forecast 
period, owing mainly due to the demand for 
advanced molecular diagnostics to accurately 
diagnose life-threatening diseases. Global 
demand for loop-mediated isothermal 
amplification technology grows day by a day with 
various product types. It will continue to find the 
highest applicability in both research and 
diagnostics [63]. 

 
Loop-mediated isothermal amplification using 
DNA polymerase has seen a rapid advance in 
the past several years due to the high adoption 
of loop-mediated isothermal amplification in 
diagnostics and clinical tests. 
 
In regions of sub-Saharan Africa where malaria 
removal is targeted, new tools and approaches 
are needed to achieve this ambitious goal, The 
sensitive diagnostic test for different infections 
blood-film microscopic analysis of Malaria PCR is 
a gold standard for the sensitive diagnosis of 
molecular diagnostics methods but it has some 
limitations that make it unavailable in poor sub-
Saharan Africa countries, this last gives LAMP 
advantages because it is a simple, inexpensive 
molecular test for Plasmodium falciparum that is 
correlated to the parasite counts obtained by 
blood-film microscopic analyses with same 
sensitivity, so LAMP is an effective tool for 
malaria diagnosis at a field clinic in a field setting 
[64] it is more sensitive than PCR assays [65], 
sometimes PCR identified infections that LAMP 
did not detect and vice versa but LAMP testing 
stays easy to scale-up in field conditions 
requiring minimal training and equipment, with 
results ready one to three hours after screening 
[66]. Molecular methods are more important in 
clinical diagnostics, the different researches 
studies that were brought in various types’ 
infections and have approved LAMP as an 
alternative technique of conventional PCR and 
the sensitivity is relatively at the care taken when 
designing the primers that are more specific to 
the target gene. 
  

6. CONCLUSION 
 
LAMP is a nucleic acid amplification method 
accessible to operate using the simple laboratory 

material and isothermal condition that omits the 
use of expensive thermocyclers, it is a more 
sensitive diagnostic tool that may be useful in the 
non-developed countries to save the cost of real-
time PCR, it will help in diseases control and 
reducing of economics loss for patient’ people 
profits. It is used in laboratory-like a valuable 
alternative method of other conventional 
standard methods with many advantages and it 
is present in direct and serological diagnostics. 
 
The different researches report that it can be 
used to all kinds of samples like whole blood, 
urine, and other biological liquids and it is 
considered to perform with specificity, rapidity, 
high sensitivity and low costing. More 
advantageous than other PCR derived methods, 
it is used in rapid diagnosis of viral, bacterial and 
parasitic diseases; it is applying to such fields as 
medicine, agriculture, food, animal husbandry, 
and environment. The modification was tested to 
empower this method for being unlimited and 
permitting to have a large using interval range. 
 
The progress of researches about molecular 
diagnostics methods in medicals analysis is 
needed, the reason is to continue the 
enhancement of LAMP utility and its applications 
for the infectious disease diagnosis in low and 
middle-income countries like Africa, it will           
save patients ‘life and eradicate the economic 
crisis.  
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