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Leptospirosis is a zoonotic disease caused by bacteria of genus Leptospira that affects 

both humans and animals worldwide. Early detection of leptospirosis is crucial to 

provide appropriate treatment and control the progression of the disease to a severe state. 

Hence, this study aims to develop a simple and rapid LAMP system for detection of 

Leptospira in suspected leptospirosis patients. LAMP primer set was specifically 

designed to target the secY gene of Leptospira. Recombinant plasmid containing the 

target gene was constructed and used as template in optimization procedure. 

Optimization of the LAMP reaction was done on the incubation temperature and reagents 

concentration. It was found that the designed LAMP primer set works best at 65°C and 

optimum concentration of betaine and MgSO4 was optimized at 0.4 M and 8 mM 

respectively. Sensitivity of the LAMP system was assessed based on the lower limit of 

detection using serially diluted genomic DNA of Leptospira interrogans serovar 

Pomona. The results showed that as low as 2 x 104 copies of genomic DNA per reaction 

(equivalent to 0.1 ng) could be detected within 40 min of reaction. The specificity of the 

system was tested by using DNA extracted from 15 leptospiral and nine non-leptospiral 

bacteria. None of the non-leptospiral DNA was amplified in the reaction indicating a 

highly specific system. Spiking assay was performed to mimic the clinical situation for 

determining the clinical sensitivity of the LAMP system. Pure culture of L. interrogans 

serovar Pomona were spiked into blood and urine samples donated by healthy donors. In 

spiked blood samples, 1 x 102 leptospires/ml was found to be the detection limit. Two 

methods of DNA isolation from spiked urine samples; column purification and direct 

boiling were performed to compare the efficiency. It was observed that samples from 

column purification results in higher LAMP amplification rate and more sensitive 

compared to direct boiling where the detection limit was found to be 1 x 102 

leptospires/ml and 1 x 103 leptospires/ml respectively. As a proof-of-concept, the 

optimized LAMP system was performed on samples of blood and urine from suspected 

leptospirosis patients. The results were compared with conventional secY polymerase 

chain reaction (PCR). In 30 min LAMP reaction, 28 of 69 blood samples collected during 

admission was found to be positive. Of these, only 26 samples were able to be detected 
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using PCR. As for admission urine samples, of 34 tested, 16 were positive by LAMP 

against 14 for PCR. These positive urine samples include those collected as early as on 

the third day of clinical symptoms onset suggesting urine could be use as well for 

diagnosis of leptospirosis apart of using blood samples during admission. In conclusion, 

the developed LAMP system can serve as an alternative rapid diagnosis of leptospirosis 

considering its robustness, sensitivity and specificity as demonstrated in this study. 

  



© C
OPYRIG

HT U
PM

iii 

 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 

sebagai memenuhi keperluan untuk Ijazah Master Sains 

 

 

PEMBANGUNAN AMPLIFIKASI ISOTERMA DENGAN PENGANTARAAN 

GELUNG UNTUK PENGESANAN DNA LEPTOSPIRA YANG RINGKAS DAN 

PANTAS DALAM SAMPEL MANUSIA  

 

 

Oleh 

 

 

SHUHAIDAH BINTI OTHMAN 

 

 

Oktober 2018 

 

 

Pengerusi        : Chee Hui Yee, PhD 

Fakulti            : Perubatan dan Sains Kesihatan 

 

Leptospirosis merupakan penyakit bawaan haiwan yang boleh menjangkiti manusia. 

Penyakit ini disebabkan oleh bakteria daripada genus Leptospira yang boleh memberi 

kesan kepada manusia dan haiwan di seluruh dunia. Pengesanan awal penyakit 

leptospirosis adalah penting bagi membolehkan rawatan yang sewajarnya diberikan dan 

mengawal penyakit ini daripada merebak ke tahap yang lebih serius. Oleh itu, kajian ini 

telah dijalankan bertujuan untuk membangunkan satu sistem amplifikasi isoterma 

dengan pengantaraan gelung (LAMP) yang ringkas dan pantas bagi pengesanan DNA 

Leptospira dalam pesakit yang disyaki menghidap leptospirosis. Satu set primer LAMP 

yang mensasarkan gen secY daripada Leptospira telah direka. Plasmid rekombinan yang 

mengandungi gen sasaran digunakan sebagai templat dalam prosedur pengoptimuman. 

Beberapa parameter telah dioptimumkan termasuklah suhu inkubasi dan kepekatan 

reagen. Set primer yang digunakan telah didapati berfungsi dengan sempurna pada suhu 

65°C dan kepekatan optimum bagi betaine dan MgSO4 masing-masing adalah pada 0.4 

M dan 8 mM. Tahap kepekaan sistem ini telah diuji berdasarkan had kepekaan 

pengesanan dengan menggunakan DNA genomik daripada Leptospira interrogans 

serovar Pomona yang dicairkan secara bersiri. Keputusan menunjukkan bahawa had 

kepekaan pengesanan adalah 2 x 104 salinan DNA genomik bagi setiap tindak balas 

(bersamaan 0.1 ng) untuk reaksi selama 40 minit. Kekhususan sistem ini pula diuji 

dengan menggunakan DNA yang diekstrak daripada 15 Leptospira dan sembilan 

bakteria bukan Leptospira. Sistem ini terbukti khusus untuk pengesanan DNA 

Leptospira apabila tiada satu pun DNA dari bakteria bukan Leptospira yang berjaya 

dikesan. Sampel darah dan air kencing yang diperoleh daripada penderma yang sihat 

telah dicampurkan dengan kultur tulen L. interrogans serovar Pomona. Proses ini 

dilakukan untuk meniru keadaan klinikal yang sebenar bagi menentukan had kepekaan 

klinikal sistem ini. Dalam sampel darah yang telah dicampurkan dengan kultur 

Leptospira, 1 x 102 Leptospira / ml telah didapati sebagai had pengesanan. Dua kaedah 

pengasingan DNA daripada sampel air kencing telah dibandingkan kecekapannya iaitu 

purifikasi dengan menggunakan kolum dan pendidihan. Sampel DNA hasil daripada 

purifikasi dengan menggunakan kolum dilihat memberikan keputusan yang lebih baik 

dari segi masa pengesanan yang lebih cepat dan kepekaan yang lebih tinggi berbanding 
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dengan sampel dari proses pendidihan di mana had pengesanan masing-masing adalah 1 

X 102 Leptospira / ml dan 1 x 103 Leptospira / ml.  Seterusnya, sistem LAMP ini diuji 

dengan menggunakan sampel darah dan air kencing yang diperolehi daripada pesakit 

yang disyaki menghidap leptospirosis. Hasilnya telah dibandingkan dengan keputusan 

tindak balas berantai polymerase (PCR) konvensional. Dalam reaksi LAMP selama 30 

minit, 28 daripada 69 sampel darah yang diambil semasa kemasukan ke wad telah 

didapati positif. Daripada jumlah ini, hanya 26 sampel dapat dikesan sebagai positif 

dengan menggunakan PCR. Selain itu, daripada 34 sampel air kencing yang diuji, 16 

didapati positif oleh LAMP manakala 14 positif untuk PCR. Ini termasuk sampel air 

kencing yang diperoleh seawal hari ketiga penunjukan simptom penyakit. Melalui 

dapatan kajian ini, adalah dicadangkan agar air kencing turut sama digunakan sebagai 

sampel bagi diagnosis penyakit leptospirosis semasa kemasukan ke wad. Konklusinya, 

sistem LAMP yang telah dibangunkan melalui kajian ini boleh dijadikan sebagai 

alternatif diagnosis bagi penyakit leptospirosis yang pantas berdasarkan kecekapan, 

kepekaan dan kekhususan yang telah ditunjukkan. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background of the study 

 

 

Leptospirosis is a disease caused by bacteria of the genus Leptospira that affect both 

humans and animals worldwide. Infection in humans occur through contact with water, 

food or soil containing urine from infected animals (1). Wide range of symptoms may 

appear including high fever, headache, muscle aches and vomiting which often mistaken 

for other diseases. In some infected persons, the symptoms may occur at the later stage 

therefore late detection can lead to death due to multi-organ system complications 

indicating how serious the disease is (2). Due to this problem, early detection of 

leptospirosis is crucial in order to provide appropriate treatment and control the 

progression of the disease to a severe state. Furthermore, it is important for this fatal 

disease to be detected at early stage simply because it can be treated by using antibiotics.  

 

 

To date, there are a few alternatives for leptospirosis diagnosis. Serology method is the 

most widely used diagnostic tool in the detection of this disease. Microscopic 

agglutination test (MAT) is known as the gold standard for diagnosis of leptospirosis (3). 

However, this approach does not contribute to early diagnosis because anti-Leptospira 

antibodies only become detectable in the late acute phase, 3-5 days after the onset of the 

disease (4). Dark field microscopy is used to view the organism in urine or blood and 

this is an example of a low cost diagnosis tool but this method requires the specimen to 

be prepared from the culture which is impractical since the bacteria are fastidious to be 

cultured (5). Besides, this method has a low specificity as misinterpretation of fibrin or 

protein threads often reported (6). Genomic methods including polymerase chain 

reaction (PCR), multiplex PCR and real-time PCR are one of the most reliable tools in 

terms of sensitivity and rapidity of detection. Nevertheless, the need of expensive 

thermocycler which may not be readily available in many laboratories of resource-

limited countries has become a major drawback of this diagnosis method. 

 

 

Alternatives for rapid detection with high degree of reliability, sensitivity and cost 

effective may become the ultimate solution for the control of this infectious disease (7). 

Notomi et al (2000) reported a novel molecular technique of nucleic acid amplification 

termed loop-mediated isothermal amplification (LAMP) where a set of four (or six) 

different primers binding to six (or eight) different region on the target gene making it to 

be highly specific (8). Besides, the use of Bst DNA polymerase with high-displacement 

activity enables the LAMP reaction to be performed at a constant temperature simply by 

using a water bath (8). Various LAMP detection methods such as turbidimeters, 

fluorescent agents, colorimetric agents, lateral flow dipstick, and lab-on-a-chip devices 

have been developed (9). As reported by Suwancharoen et al (2012),  LAMP method 

provides a specific assay of 10 – 100 times more sensitive than standard PCR in the 

detection of Leptospira spp. (10). Even though it was reported that real-time PCR could 

results in detection of as low as 1 copy of leptospiral DNA (11), this method is not cost 

effective as it requires advanced and expensive instruments like thermocycler (12). 
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In this study, secY gene of Leptospira was selected as the target gene. secY is a house 

keeping gene that present in all Leptospira species and strains (11,13). Previously, a 

number of studies had reported the development of LAMP system for detection of 

Leptospira but focusing more on the pathogenic and intermediate group of this pathogen 

(10,12,14).  However, a rising fact about leptospirosis that was recently reported was the 

presence of Leptospira saprophytic strains detected in leptospirosis suspected patients 

(15–17). Development of leptospirosis diagnostic test that only focused on detection of 

pathogenic strains may cause a nonresponsive results or false negative outcome (18). 

Hence, this study aims to develop a LAMP system for detection of Leptospira in 

suspected leptospirosis patients regardless of its pathogenicity group.   

 

 

1.2 Objectives of the study: 

 

 

1.2.1 General objective: 

 

 

To develop a LAMP system for detection of Leptospira in human clinical samples    

 

 

1.2.2 Specific objectives: 

 

 

1. To optimize a LAMP system for detection of leptospiral DNA using newly designed 

LAMP primer sets targeting secY gene of Leptospira. 

2. To optimize DNA isolation method and detection of leptospiral DNA from blood 

and urine samples spiked with leptospires. 

3. To test the established LAMP system for detection of leptospiral DNA in blood and 

urine samples from suspected leptospirosis patients



© C
OPYRIG

HT U
PM

70 

 

REFERENCES 

 

 

[1]  Lecturer S. A Case Study : Leptospirosis in Malaysia A Case Study : 

Leptospirosis in Malaysia Human Leptospirosis in Malaysia. 2011;1–13.  

[2]  Adler B. History of leptospirosis and Leptospira. Vol. 387, Current topics in 

microbiology and immunology. 2015. 1-9 p.  

[3]  Aslan O. Leptospirosis; Diagnosis, Treatment and Prevention: A Review. Br 

Microbiol Res J 2016;13(6):1–5.  

[4]  Ahmed A, Linden H Van Der, Hartskeerl RA. Development of a Recombinase 

Polymerase Amplification Assay for the Detection of Pathogenic Leptospira. 

2014;4953–64.  

[5]  Adler B, de la Peña Moctezuma A. Leptospira and leptospirosis. Vet Microbiol. 

2010;140(3–4):287–96.  

[6]  Musso D, La Scola B. Laboratory diagnosis of leptospirosis: A challenge. J 

Microbiol Immunol Infect. 2013;46(4):245–52.  

[7]  Pooja S, Sudesh D, Poonam K, Joginder SD, Suresh KG. Loop-mediated 

isothermal amplification (LAMP) based detection of bacteria: A Review. 

African J Biotechnol. 2014;13(19):1920–8.  

[8]  Notomi T, Okayama H, Masubuchi H, Yonekawa T, Watanabe K, Amino N, et 

al. Loop-mediated isothermal amplification of DNA. 2000;28(12).  

[9]  Nurul Najian AB, Engku Nur Syafirah EAR, Ismail N, Mohamed M, Yean CY. 

Development of multiplex loop mediated isothermal amplification (m-LAMP) 

label-based gold nanoparticles lateral flow dipstick biosensor for detection of 

pathogenic Leptospira. Anal Chim Acta. 2016;903(June 2016):142–8.  

[10]  Suwancharoen D, Kulchim C, Chirathaworn C, Yoshida S. Development of a 

novel primer combination to detect pathogenic Leptospira by loop-mediated 

isothermal ampli fi cation. J Microbiol Methods. 2012;91(1):171–3.  

[11]  Ahmed A, Engelberts MFM, Boer KR, Ahmed N, Hartskeerl R a. Development 

and Validation of a Real-Time PCR for Detection of Pathogenic Leptospira 

Species in Clinical Materials. PLoS One. 2009;4(9):e7093.  

[12]  Koizumi N, Nakajima C, Harunari T, Tanikawa T, Tokiwa T, Uchimura E, et al. 

A New Loop-Mediated Isothermal Amplification Method for Rapid , Simple , 

and Sensitive Detection of Leptospira spp . in Urine. 2012;50(6):2072–4.  

[13]  Salgado M, Otto B, Moroni M, Sandoval E, Reinhardt G, Boqvist S, et al. 

Isolation of Leptospira interrogans serovar Hardjoprajitno from a calf with 

clinical leptospirosis in Chile. BMC Vet Res. 2015;11(1):1–4.  

[14]  Lin X, Chen Y, Lu Y, Yan J, Yan J. Application of a loop-mediated isothermal 

amplification method for the detection of pathogenic Leptospira. Diagn 

Microbiol Infect Dis. 2009;63(3):237–42.  



© C
OPYRIG

HT U
PM

71 

 

[15]  Cortez A, Jose L, Bryan M, Martins R, Miyoshi S, Arruda S. A multiplex PCR 

for the detection of Brucella spp . and Leptospira spp . DNA from aborted bovine 

fetuses. 2002;87:139–47.  

[16]  Bedir O, Kilic A, Atabek E, Kuskucu AM. Simultaneous Detection and 

Differentiation of Pathogenic and Nonpathogenic Leptospira spp . by Multiplex 

Real-Time PCR ( TaqMan ) assay. 2010;59(3).  

[17]  Xiao D, Zhang C, Zhang H, Li X, Jiang X, Zhang J. ScienceDirect A novel 

approach for differentiating pathogenic and non-pathogenic Leptospira based on 

molecular fingerprinting. J Proteomics. 2014;119:1–9.  

[18]  Alizadeh SA, Javadi A, Alizadeh S, Najafipour R, Farivar TN. Simultaneous 

Detection of Pathogenic and Saprophyte Leptospira in Human Plasma by 

Multiplex Taqman Real Time PCR. 2017;(1).  

[19]  Mohammed H, Nozha C, Hakim K, Abdelaziz F. LEPTOSPIRA: Morphology, 

Classification and Pathogenesis. J Bacteriol Parasitol. 2011;02(06).  

[20]  Plank R, Dean D. Overview of the epidemiology, microbiology, and 

pathogenesis of Leptospira spp. in humans. Microbes Infect. 2000;2(10):1265–

76.  

[21]  Bharti AR, Nally JE, Ricaldi JN, Matthias MA, Diaz MM, Lovett MA, et al. 

SJ_107_Bharti_2003. 2003;3(December):757–71.  

[22]  Adler B. Leptospira and Leptospirosis. 2015;387.  

[23]  Miraglia F, De Moraes ZM, Melville PA, Dias RA, Vasconcellos SA. Emjh 

medium with 5-fluorouracil and nalidixic acid associated with serial dilution 

technique used to recover Leptospira spp from experimentally contaminated 

bovine semen. Brazilian J Microbiol. 2009;40(1):189–93.  

[24]  Monahan AM, Miller IS, Nally JE. Leptospirosis: risks during recreational 

activities. J Appl Microbiol. 2009;107(3):707–16.  

[25]  Ristow P, Bourhy P, Kerneis S, Schmitt C, Prevost MC, Lilenbaum W, et al. 

Biofilm formation by saprophytic and pathogenic leptospires. Microbiology. 

2008;154(5):1309–17.  

[26]  Trueba G, Zapata S, Madrid K, Cullen P, Haake D. Cell aggregation: A 

mechanism of pathogenic Leptospira to survive in fresh water. Int Microbiol. 

2004;7(1):35–40.  

[27]  Andre-Fontaine G, Aviat F, Thorin C. Waterborne Leptospirosis: Survival and 

Preservation of the Virulence of Pathogenic Leptospira spp. in Fresh Water. Curr 

Microbiol. 2015;71(1):136–42.  

[28]  Dutta TK, Christopher M. Leptospirosis--an overview. J Assoc Physicians India. 

2005;53(June):545–51.  

[29]  Saito M, Villanueva SYAM, Chakraborty A, Miyahara S, Segawa T, Asoh T, et 

al. Comparative analysis of Leptospira strains isolated from environmental soil 

and water in the Philippines and Japan. Appl Environ Microbiol. 

2013;79(2):601–9.  



© C
OPYRIG

HT U
PM

72 

 

[30]  Morey RE, Galloway RL, Bragg SL, Steigerwalt AG, Mayer LW, Levett PN. 

Species-specific identification of Leptospiraceae by 16S rRNA gene sequencing. 

J Clin Microbiol. 2006;44(10):3510–6.  

[31]  Slack AT, Symonds ML, Dohnt MF, Smythe LD. Identification of pathogenic 

Leptospira species by conventional or real-time PCR and sequencing of the DNA 

gyrase subunit B encoding gene. BMC Microbiol. 2006;6:95.  

[32]  Smythe L, Adler B, Hartskeerl RA, Galloway RL, Turenne CY, Levett PN. 

Classification of Leptospira genomospecies 1, 3, 4 and 5 as Leptospira alstonii 

sp. nov., Leptospira vanthielii sp. nov., Leptospira terpstrae sp. nov. and 

Leptospira yanagawae sp. nov., respectively. Int J Syst Evol Microbiol. 

2013;63(PART 5):1859–62.  

[33]  Palaniappan RUM, Ramanujam S, Chang YF. Leptospirosis: Pathogenesis, 

immunity, and diagnosis. Curr Opin Infect Dis. 2007;20(3):284–92.  

[34]  Lambert A, Takahashi N, Charon NW, Picardeau M. Chemotactic behavior of 

pathogenic and nonpathogenic Leptospira species. Appl Environ Microbiol. 

2012;78(23):8467–9.  

[35]  Nascimento ALTO, Verjovski-Almeida S, Van Sluys MA, Monteiro-Vitorello 

CB, Camargo LEA, Digiampietri LA, et al. Genome features of Leptospira 

interrogans serovar Copenhageni. Brazilian J Med Biol Res. 2004;37(4):459–

78.  

[36]  Erridge C, Bennett-Guerrero E, Poxton IR. Structure and function of 

lipopolysaccharides. Microbes Infect. 2002;4(8):837–51.  

[37]  Murray GL, Srikram A, Henry R, Hartskeerl RA, Sermswan RW, Adler B. 

Mutations affecting Leptospira interrogans lipopolysaccharide attenuate 

virulence. Mol Microbiol. 2010;78(3):701–9.  

[38]  Nally JE, Chow E, Fishbein MC, David R, Lovett MA, Blanco DR. Changes in 

Lipopolysaccharide O Antigen Distinguish Acute versus Chronic Leptospira 

interrogans Infections Changes in Lipopolysaccharide O Antigen Distinguish 

Acute versus Chronic Leptospira interrogans Infections. 2005;73(6):3251–60.  

[39]  Yang J, Zhang Y, Xu J, Geng Y, Chen X, Yang H, et al. Serum activity of 

platelet-activating factor acetylhydrolase is a potential clinical marker for 

leptospirosis pulmonary hemorrhage. PLoS One. 2009;4(1).  

[40]  Patra KP, Choudhury B, Matthias MM, Baga S, Bandyopadhya K, Vinetz JM. 

Comparative analysis of lipopolysaccharides of pathogenic and intermediately 

pathogenic Leptospira species. BMC Microbiol. 2015;15(1):1–11.  

[41]  Barnett JK, Barnett D, Bolin CA, Summers TA, Wagar EA, Cheville NF, et al. 

Expression and distribution of leptospiral outer membrane components during 

renal infection of hamsters. Infect Immun. 1999;67(2):853–61.  

[42]  Haake DA, Chao G, Zuerner RL, Barnett JK, Barnett D, Mazel M, et al. The 

leptospiral major outer membrane protein LipL32 is a lipoprotein expressed 

during mammalian infection. Infect Immun. 2000;68(4):2276–85.  



© C
OPYRIG

HT U
PM

73 

 

[43]  Yang CW, Wu MS, Pan MJ, Hsieh WJ, Vandewalle A, Huang CC. The 

Leptospira outer membrane protein LipL32 induces tubulointerstitial nephritis-

mediated gene expression in mouse proximal tubule cells. J Am Soc Nephrol. 

2002;13(8):2037–45.  

[44]  Vieira ML, Naudin C, Mörgelin M, Romero EC, Nascimento ALTO, Herwald 

H. Modulation of Hemostatic and Inflammatory Responses by Leptospira Spp. 

PLoS Negl Trop Dis. 2016;10(5):1–17.  

[45]  Wang H, Wu Y, Ojcius DM, Yang XF, Zhang C, Ding S, et al. Leptospiral 

hemolysins induce proinflammatory cytokines through toll-like receptor 2-and 

4-mediated JNK and NF-κB signaling pathways. PLoS One. 2012;7(8).  

[46]  Lee SH, Kim S, Park SC, Kim MJ. Cytotoxic Activities of Leptospira 

interrogans Hemolysin SphH as a Pore -Forming Protein on Mammalian Cells. 

Infect Immun. 2002;70(1):315–22.  

[47]  Ogawa H, Koizumi N, Ohnuma A, Mutemwa A, Hang’ombe BM, Mweene AS, 

et al. Molecular epidemiology of pathogenic Leptospira spp. in the straw-colored 

fruit bat (Eidolon helvum) migrating to Zambia from the Democratic Republic 

of Congo. Infect Genet Evol. 2015;32:143–7.  

[48]  Adler B, de la Peña Moctezuma A, Ahmed A, Engelberts MFM, Boer KR, 

Ahmed N, et al. Comparison of real-time PCR assays for detection of pathogenic 

Leptospira spp. in blood and identification of variations in target sequences. J 

Clin Microbiol. 2014;10(1):1–12.  

[49]  Victoria B, Ahmed A, Zuerner RL, Ahmed N, Bulach DM, Quinteiro J, et al. 

Conservation of the S10-spc-alpha locus within otherwise highly plastic 

genomes provides phylogenetic insight into the genus Leptospira. PLoS One. 

2008;3(7):1–9.  

[50]  Perez J, Goarant C. Rapid Leptospira identification by direct sequencing of the 

diagnostic PCR products in New Caledonia. Bmc Microbiol. 2010;10(1):325.  

[51]  Rahelinirina S, Léon A, Harstskeerl RA, Sertour N, Ahmed A, Raharimanana C, 

et al. First Isolation and Direct Evidence for the Existence of Large Small-

Mammal Reservoirs of Leptospira sp. in Madagascar. PLoS One. 2010;5(11).  

[52]  Schneider MC, Jancloes M, Buss DF, Aldighieri S, Bertherat E, Najera P, et al. 

Leptospirosis: A silent epidemic disease. Int J Environ Res Public Health. 

2013;10(12):7229–34.  

[53]  Forbes AE, Zochowski WJ, Dubrey SW, Sivaprakasam V. Leptospirosis and 

weil’s disease in the UK. Qjm. 2012;105(12):1151–62.  

[54]  Infect IJ, Panaphut T, Domrongkitchaiporn S, Thinkamrop B. Prognostic factors 

of death in leptospirosis: a prospective cohort study in Khon Kaen, Thailand. Int 

J Infect Dis. 2002;6(1):52–9.  

[55]  Cowie G, Bell A. A retrospective review of notified human leptospirosis cases 

in the Waikato region of New Zealand, 2004 to 2010. N Z Med J. 

2012;125(1358):20–7.  



© C
OPYRIG

HT U
PM

74 

 

[56]  Shivakumar S. Leptospirosis - Current Scenario in India. Med Updat. 2008;18.  

[57]  Swain K, Pattanshetty S, Nair Ns, Kamath R. Studying risk factors associated 

with Human Leptospirosis. J Glob Infect Dis. 2014;6(1):3.  

[58]  Khantapura P, Chuenchitra T, Islam D, Ruamsap N, Mason CJ, Swierczewski 

BE, et al. Nationwide Seroprevalence of Leptospirosis among Young Thai Men, 

2007–2008. Am J Trop Med Hyg. 2017;97(6):1682–5. 

[59]  Pappas G, Papadimitriou P, Siozopoulou V, Christou L, Akritidis N. The 

globalization of leptospirosis: worldwide incidence trends. Int J Infect Dis. 

2008;12(4):351–7.  

[60]  Izurieta R, Galwankar S, Clem A. Leptospirosis : The “ mysterious ” mimic. :21–

33.  

[61]  Yaakob Y, Rodrigues KF, John DV. Leptospirosis: Recent incidents and 

available diagnostics: A review. Med J Malaysia. 2015;70(6):351–5.  

[62]  Levett PN. Leptospirosis. Clin Microbiol. 2001;14(2):296–326.  

[63]  Niloofa R, Fernando N, De Silva NL, Karunanayake L, Wickramasinghe H, 

Dikmadugoda N, et al. Diagnosis of leptospirosis: Comparison between 

microscopic agglutination test, IgM-ELISA and IgM rapid 

immunochromatography test. PLoS One. 2015;10(6):1–12.  

[64]  Vijayachari P, Sugunan Ap SA. Leptsopirosis: an emerging global public health 

problem. J Biosci. 2008;33(November):557–69.  

[65]  Baytur YB, Cabuk M, Koyuncu FM, Lacin S, Ceylan C, Kandiloglu AR. Weil’s 

syndrome in pregnancy [5]. Eur J Obstet Gynecol Reprod Biol. 

2005;119(1):132–3.  

[66]  Oliveira DDE, Figueira CP, Zhan L, Pertile AC, Pedra GG, Rodrigues G, et al. 

HHS Public Access. 2017;144(11):2420–9.  

[67]  Costa F, Hagan JE, Calcagno J, Kane M, Torgerson P, Martinez-Silveira MS, et 

al. Global Morbidity and Mortality of Leptospirosis: A Systematic Review. 

PLoS Negl Trop Dis. 2015;9(9):0–1.  

[68]  Tan WL, Soelar SA, Suan MAM, Hussin N, Cheah WK, Verasahib K, et al. 

Leptospirosis incidence and mortality in Malaysia. Southeast Asian J Trop Med 

Public Health. 2016;47(3):434–40.  

[69]  El Jalii I, Bahaman  a. R. a Review of Human Leptospirosis in Malaysia 1. J 

Trop Biomed. 2004;1–12.  

[70]  Garba B, Bahaman AR, Khairani-Bejo S, Zakaria Z, Mutalib AR. Retrospective 

Study of Leptospirosis in Malaysia. Ecohealth. 2017;14(2):389–98.  

[71]  Benacer D, Thong KL, Min NC, Verasahib K, Galloway R, Harstskeerl RA, et 

al. Epidemiology of human leptospirosis in Malaysia. Acta Trop. 2016;S282–

S282.  

 



© C
OPYRIG

HT U
PM

75 

 

[72]  Guerrier G, Hie P, Gourinat AC, Huguon E, Polfrit Y, Goarant C, et al. 

Association between Age and Severity to Leptospirosis in Children. PLoS Negl 

Trop Dis. 2013;7(9):5–9.  

[73]  Lau CL, Smythe LD, Craig SB, Weinstein P. Climate change, flooding, 

urbanisation and leptospirosis: Fuelling the fire? Trans R Soc Trop Med Hyg. 

2010;104(10):631–8. 

[74]  Azali MA, Yean Yean C, Harun A, Aminuddin Baki NN, Ismail N. Molecular 

Characterization of Leptospira spp. in Environmental Samples from North-

Eastern Malaysia Revealed a Pathogenic Strain, Leptospira alstonii. J Trop Med. 

2016;2016.  

[75]  Khairani-Bejo S, Bahaman AR, Zamri-Saad M, Mutalib A. The Survival of 

Leptospira interrogans Serovar Hardjo in the Malaysian Environment. 2004. p. 

123–9.  

[76]  Ridzlan FR, Bahaman AR, Khairani-Bejo S, Mutalib AR. Detection of 

pathogenic Leptospira from selected environment in Kelantan and Terengganu, 

Malaysia. Trop Biomed. 2010;27(3):632–8.  

[77]  Sejvar J, Bancroft E, Winthrop K, Bettinger J, Bajani M, Bragg S, et al. 

Leptospirosis in “Eco-Challenge” athletes, Malaysian Borneo, 2000. Emerg 

Infect Dis. 2003;9(6):702–7.  

[78]  Maciel EAP, de Carvalho ALF, Nascimento SF, de Matos RB, Gouveia EL, Reis 

MG, et al. Household transmission of Leptospira infection in urban slum 

communities. PLoS Negl Trop Dis. 2008;2(1).  

[79]  de Vries SG, Visser BJ, Nagel IM, Goris MGA, Hartskeerl RA, Grobusch MP. 

Leptospirosis in Sub-Saharan Africa: A systematic review. Int J Infect Dis  

2014;28:e47–64.  

[80]  Benacer D, Zain SNM, Amran F, Galloway RL, Thong KL. Isolation and 

molecular characterization of Leptospira interrogans and Leptospira 

borgpetersenii Isolates from the urban rat populations of Kuala Lumpur, 

Malaysia. Am J Trop Med Hyg. 2013;88(4):704–9.  

[81]  Rajapakse S, Rodrigo C, Handunnetti SM, Fernando SD. Current immunological 

and molecular tools for leptospirosis : diagnostics , vaccine design , and 

biomarkers for predicting severity. 2015;1–8.  

[82]  Rodríguez I, Rodríguez I, Fernández C, Rodríguez JE, Cantillo J. Detection of 

leptospires from infected urine and tissue samples in vitro by modified Fontana 

silver stain. J Bras Patol e Med Lab. 2013;49(1):39–45.  

[83]  Ramanujam S, Chang Y, Bowen RA, Nemeth NM, Matsubara K, Fukaya T, et 

al. Editorial introductions. Paediatric and neonatal infections 237 Adverse events 

following immunization: perception and evidence. 2007;20(3).  

[84]  Pinne M, Haake D. Immuno-fluorescence Assay of Leptospiral Surface-exposed 

Proteins. J Vis Exp. 2011;(53):4–7.  

 



© C
OPYRIG

HT U
PM

76 

 

[85]  Kemapunmanus M, Sretrirutchai S, Khuntikij P, Pradutkanchana S, 

Pradutkanchana J. A prospective evaluation of four immunodiagnotic assays for 

human leptospirosis. Southeast Asian J Trop Med Public Health. 

2004;35(4):863–7.  

[86]  Tanganuchitcharnchai A, Smythe L, Dohnt M, Hartskeerl R, Vongsouvath M, 

Davong V, et al. Evaluation of the Standard Diagnostics Leptospira IgM ELISA 

for diagnosis of acute leptospirosis in Lao PDR. Trans R Soc Trop Med Hyg. 

2012;106(9):563–6.  

[87]  Dahal KP, Sharma S, Sherchand JB, Upadhyay BP, Bhatta DR. Detection of 

Anti- Leptospira IgM Antibody in Serum Samples of Suspected Patients Visiting 

National Public Health Laboratory, Teku, Kathmandu. Int J Microbiol. 

2016;2016.  

[88]  Tan XT, Amran F, Cheong KC, Ahmad N. In-house ELISA screening using a 

locally-isolated Leptospira in Malaysia: Determination of its cut-off points. 

BMC Infect Dis. 2014;14(1):1–5.  

[89]  Smits HL, Hartskeerl R a, Terpstra WJ. International multi-centre evaluation of 

a dipstick assay for human leptospirosis. Trop Med Int Health. 2000;5(2):124–

8.  

[90]  Lizer J, Grahlmann M, Hapke H, Velineni S, Lin D, Kohn B. Evaluation of a 

rapid IgM detection test for diagnosis of acute leptospirosis in dogs. Vet Rec. 

2017;180(21):517.  

[91]  Slack AT, Symonds ML, Dohnt MF, Smythe LD. Identification of pathogenic 

Leptospira species by conventional or real-time PCR and sequencing of the DNA 

gyrase subunit B encoding gene. BMC Microbiol. 2006;6:1–10.  

[92]  Villumsen S, Pedersen R, Borre MB, Ahrens P, Jensen JS, Krogfelt KA. Novel 

TaqMan PCR for detection of Leptospira species in urine and blood: Pit-falls of 

in silico validation. J Microbiol Methods. 2012;91(1):184–90.  

[93]  Backstedt BT, Buyuktanir O, Lindow J, Wunder EA. Efficient Detection of 

Pathogenic Leptospires Using 16S Ribosomal RNA. 2015;1–18.  

[94]  Tomita N, Mori Y, Kanda H, Notomi T. Loop-mediated isothermal amplification 

(LAMP) of gene sequences and simple visual detection of products. Nat Protoc. 

2008;3(5):877–82.  

[95]  Goto M, Honda E, Ogura A, Nomoto A, Hanaki KI. Colorimetric detection of 

loop-mediated isothermal amplification reaction by using hydroxy naphthol 

blue. Biotechniques. 2009;46(3):167–72.  

[96]  Zhou D, Guo J, Xu L, Gao S, Lin Q, Wu Q, et al. Establishment and application 

of a loop-mediated isothermal amplification (LAMP) system for detection of 

cry1Ac transgenic sugarcane. Sci Rep. 2014;4:1–8.  

[97]  Nasarudin SNS, Zainudin NS, Bernadus M, Nawi AM, Hanafiah A, Osman E. 

Loop-mediated isothermal amplification for rapid molecular detection of 

Enterocytozoon bieneusi in faecal specimens. J Med Microbiol. 

2015;64(11):1329–34.  



© C
OPYRIG

HT U
PM

77 

 

[98]  Wong Y-P, Othman S, Lau Y-L, Son R, Chee H-Y. Loop Mediated Isothermal 

Amplification (LAMP): A Versatile Technique for Detection of 

Microorganisms. J Appl Microbiol. 2017 

[99]  Dhama K, Karthik K, Chakraborty S, Tiwari R, Kapoor S, Kumar A, et al. Loop-

mediated isothermal amplification of DNA (LAMP): A new diagnostic tool 

lights the world of diagnosis of animal and human pathogens: A review. Pakistan 

J Biol Sci. 2014;17(2):151–66.  

[100]  Karthik K, Rathore R, Thomas P, Arun TR, Viswas KN, Dhama K, et al. New 

closed tube loop mediated isothermal amplification assay for prevention of 

product cross-contamination. MethodsX. 2014;1:e137–43.  

[101]  Li F, Yan W, Long L, Qi X, Li C, Zhang S. Development and application of 

loop-mediated isothermal amplification assays for rapid visual detection of 

cry2Ab and cry3A genes in genetically-modified crops. Int J Mol Sci. 

2014;15(9):15109–21.  

[102]  Zhang J, Zhu J, Ren H, Zhu S, Zhao P, Zhang F, et al. Rapid visual detection of 

highly pathogenic Streptococcus suis serotype 2 isolates by use of loop-mediated 

isothermal amplification. J Clin Microbiol. 2013;51(10):3250–6.  

[103]  Zhao L, Cheng J, Hao X, Tian X, Wu Y. Rapid detection of tobacco viruses by 

reverse transcription loop-mediated isothermal amplification. Arch Virol. 

2012;157(12):2291–8.  

[104]  Huang S, Xu Y, Yan X, Shang Y, Zhu P, Tian W, et al. Development and 

application of a quantitative loop-mediated isothermal amplification method for 

detecting genetically modified maize MON863. J Sci Food Agric. 

2015;95(2):253–9.  

[105]  Luo J, Vogel RF, Niessen L. Rapid detection of aflatoxin producing fungi in food 

by real-time quantitative loop-mediated isothermal amplification. Food 

Microbiol. 2014;44:142–8.  

[106]  Ravindran A, Levy J, Pierson E, Gross DC. Development of a Loop-Mediated 

Isothermal Amplification Procedure as a Sensitive and Rapid Method for 

Detection of ‘ Candidatus Liberibacter solanacearum’ in Potatoes and Psyllids. 

Phytopathology. 2012;102(9):899–907.  

[107]  Lau Y-L, Lai M-Y, Teoh B-T, Abd-Jamil J, Johari J, Sam S-S, et al. Colorimetric 

Detection of Dengue by Single Tube Reverse-Transcription-Loop-Mediated 

Isothermal Amplification. PLoS One. 2015;10(9):e0138694.  

[108]  Kubota R, Jenkins DM. Real-time duplex applications of loop-mediated 

AMPlification (LAMP) by assimilating probes. Int J Mol Sci. 2015;16(3):4786–

99.  

[109]  Hsu YH, Chou SJ, Chang CC, Pan MJ, Yang WC, Lin CF, et al. Development 

and validation of a new loop-mediated isothermal amplification for detection of 

pathogenic Leptospira species in clinical materials. J Microbiol Methods. 

2017;141(June):55–9. 

 



© C
OPYRIG

HT U
PM

78 

 

[110]  Scheel CM, Zhou Y, Theodoro RC, Abrams B, Balajee SA, Litvintseva AP. 

Development of a loop-mediated isothermal amplification method for detection 

of Histoplasma capsulatum DNA in clinical samples. J Clin Microbiol. 

2014;52(2):483–8.  

[111]  Nimesh M, Joon D, Varma-Basil M, Saluja D. Development and clinical 

evaluation of sdaA loop-mediated isothermal amplification assay for detection 

of Mycobacterium tuberculosis with an approach to prevent carryover 

contamination. J Clin Microbiol. 2014;52(7):2662–4.  

[112]  Das A, Babiuk S, McIntosh MT. Development of a loop-mediated isothermal 

amplification assay for rapid detection of capripoxviruses. J Clin Microbiol. 

2012;50(5):1613–20.  

[113]  Kirunda H, Thekisoe OMM, Kasaija PD, Kerfua SD, Nasinyama GW, Opuda-

Asibo J, et al. Use of reverse transcriptase loop-mediated isothermal 

amplification assay for field detection of newcastle disease virus using less 

invasive samples. Vet World. 2012;5(4):206–12.  

[114]  Almasi MA, Erfan Manesh M, Jafary H, Dehabadi SMH. Visual detection of 

Potato Leafroll virus by loop-mediated isothermal amplification of DNA with 

the GeneFinderTM dye. J Virol Methods. 2013;192(1–2):51–4.  

[115]  Lai G-H, Chao J, Lin M-K, Chang W-T, Peng W-H, Sun F-C, et al. Rapid and 

Sensitive Identification of the Herbal Tea Ingredient Taraxacum formosanum 

Using Loop-Mediated Isothermal Amplification. Int J Mol Sci. 

2015;16(1):1562–75.  

[116]  Zhang H, Feng J, Xue R, Du XJ, Lu X, Wang S. Loop-mediated isothermal 

amplification assays for detecting yersinia pseudotuberculosis in milk powders. 

J Food Sci. 2014;79(5):967–71.  

[117]  Kim C, Cho EA, Shin DM, Choi SW, Shin SY. Comparative Evaluation of the 

Loop-Mediated Isothermal Amplification Assay for Detecting Pulmonary 

Tuberculosis. 2018;119–24.  

[118]  Notomi T, Mori Y, Tomita N, Kanda H. Loop-mediated isothermal amplification 

(LAMP): principle, features, and future prospects. J Microbiol. 2015;53(1):1–5.  

[119]  Seki M, Kilgore PE, Kim EJ, Ohnishi M, Hayakawa S, Kim DW. Loop-Mediated 

Isothermal Amplification Methods for Diagnosis of Bacterial Meningitis. Front 

Pediatr. 2018;6(March):1–6.  

[120]  Damhorst GL, Duarte-Guevara C, Chen W, Ghonge T, Cunningham BT, Bashir 

R. Smartphone-Imaged HIV-1 Reverse-Transcription Loop-Mediated 

Isothermal Amplification (RT-LAMP) on a Chip from Whole Blood. PLoS One. 

2015;1(3):324–35.  

[121]  Odari EO, Maiyo A, Lwembe R, Gurtler L, Eberle J, Nitschko H. Establishment 

and evaluation of a loop-mediated isothermal amplification (LAMP) assay for 

the semi-quantitative detection of HIV-1 group M virus. J Virol Methods. 

2015;212:30–8.  

 



© C
OPYRIG

HT U
PM

79 

 

[122]  Nyan DC, Swinson KL. A method for rapid detection and genotype identification 

of hepatitis C virus 1-6 by one-step reverse transcription loop-mediated 

isothermal amplification. Int J Infect Dis. 2016;43:30–6.  

[123]  Yang J, Fang M, Li J, Lou G, Lu H, Wu N. Detection of hepatitis C virus by an 

improved loop-mediated isothermal amplification assay. Arch Virol. 

2011;156(8):1387–96.  

[124]  Kargar M, Askari A, Doosti A, Ghorbani-Dalini S. Loop-mediated isothermal 

amplification assay for rapid detection of hepatitis c virus. Indian J Virol. 

2012;23(1):18–23.  

[125]  Calvert AE, Biggerstaff BJ, Tanner NA, Lauterbach M, Lanciotti RS. Rapid 

colorimetric detection of Zika virus from serum and urine specimens by reverse 

transcription loop-mediated isothermal amplification (RT-LAMP). PLoS One. 

2017;12(9):1–16.  

[126]  Sabalza M, Yasmin R, Barber CA, Castro T, Malamud D, Kim BJ, et al. 

Detection of Zika virus using reverse-transcription LAMP coupled with reverse 

dot blot analysis in saliva. PLoS One. 2018;13(2):1–17.  

[127]  Kurosaki Y, Martins DBG, Kimura M, Catena ADS, Borba MACSM, Mattos 

SDS, et al. Development and evaluation of a rapid molecular diagnostic test for 

Zika virus infection by reverse transcription loop-mediated isothermal 

amplification. Sci Rep. 2017;7(1):1–10.  

[128]  Kurosaki Y, Magassouba N, Bah HA, Soropogui B, Doré A, Kourouma F, et al. 

Deployment of a Reverse Transcription Loop-Mediated Isothermal 

Amplification Test for Ebola Virus Surveillance in Remote Areas in Guinea. J 

Infect Dis. 2016;214(June):S229–33.  

[129]  Kurosaki Y, Magassouba N, Oloniniyi OK, Cherif MS, Sakabe S, Takada A, et 

al. Development and Evaluation of Reverse Transcription-Loop-Mediated 

Isothermal Amplification (RT-LAMP) Assay Coupled with a Portable Device 

for Rapid Diagnosis of Ebola Virus Disease in Guinea. PLoS Negl Trop Dis. 

2016;10(2):1–12.  

[130]  Oloniniyi OK, Kurosaki Y, Miyamoto H, Takada A, Yasuda J. Rapid detection 

of all known ebolavirus species by reverse transcription-loop-mediated 

isothermal amplification (RT-LAMP). J Virol Methods. 2017;246 (November 

2016):8–14. 

[131]  Cheng SJ, Chen ZY, Chu YN, Cui LB, Shi ZY, Ma YJ, et al. Sensitive detection 

of influenza a (H1N1) virus by isothermal amplification in a single tube. Fenxi 

Huaxue/ Chinese J Anal Chem. 2011;39(3):335–40.  

[132]  Poon LLM, Leung CSW, Chan KH, Lee JHC, Yuen KY, Guan Y, et al. Detection 

of Human Influenza A Viruses by Loop-Mediated Isothermal Amplification. 

2005;43(1):427–30.  

[133]  Jayawardena S, Cheung CY, Barr I, Chan KH, Chen H, Guan Y, et al. Loop-

mediated isothermal amplification for influenza A (H5N1) virus. Emerg Infect 

Dis. 2007;13(6):899–901.  



© C
OPYRIG

HT U
PM

80 

 

[134]  Ge Y, Zhou Q, Zhao K, Chi Y, Liu B, Min X, et al. Detection of influenza viruses 

by coupling multiplex reverse-transcription loop-mediated isothermal 

amplification with cascade invasive reaction using nanoparticles as a sensor. Int 

J Nanomedicine. 2017;12:2645–56.  

[135]  Manzoor R, Sakoda Y, Sakabe S, Mochizuki T, Namba Y. Development of a 

Pen-Site Test Kit for the Rapid Diagnosis of H7 Highly Pathogenic Avian 

Influenza. 2008;4–9.  

[136]  Fernández-Soto P, Mvoulouga PO, Akue JP, Abán JL, Santiago BV, Sánchez 

MC, et al. Development of a highly sensitive Loop-Mediated Isothermal 

Amplification (LAMP) method for the detection of Loa loa. PLoS One. 

2014;9(4):1–7.  

[137]  Nzelu CO, Gomez EA, Cáceres AG, Sakurai T, Martini-Robles L, Uezato H, et 

al. Development of a loop-mediated isothermal amplification method for rapid 

mass-screening of sand flies for Leishmania infection. Acta Trop. 

2014;132(1):1–6.  

[138]  Han ET, Watanabe R, Sattabongkot J, Khuntirat B, Sirichaisinthop J, Iriko H, et 

al. Detection of four Plasmodium species by genus- and species-specific loop-

mediated isothermal amplification for clinical diagnosis. J Clin Microbiol. 

2007;45(8):2521–8.  

[139]  Hopkins H, González IJ, Polley SD, Angutoko P, Ategeka J, Asiimwe C, et al. 

Highly sensitive detection of malaria parasitemia in a malaria-endemic setting: 

Performance of a new loop-mediated isothermal amplification kit in a remote 

clinic in Uganda. J Infect Dis. 2013;208(4):645–52.  

[140]  Cook J, Aydin-Schmidt B, González IJ, Bell D, Edlund E, Nassor MH, et al. 

Loop-mediated isothermal amplification (LAMP) for point-of-care detection of 

asymptomatic low-density malaria parasite carriers in Zanzibar. Malar J. 

2015;14(1):1–6.  

[141]  Ocker R, Prompunjai Y, Chutipongvivate S, Karanis P. Malaria diagnosis by 

loop-mediated isothermal amplification (LAMP) in Thailand. Rev Inst Med Trop 

Sao Paulo. 2016;58(1):2–7.  

[142]  Sonthayanon P, Chierakul W, Wuthiekanun V, Thaipadungpanit J, Kalambaheti 

T, Boonsilp S, et al. Accuracy of Loop-Mediated Isothermal Amplification for 

Diagnosis of Human Leptospirosis in Thailand. 2011;84(4):614–20.  

[143]  Chen H, Weissenberger G, Atkins E, Chao C, Suputtamongkol Y, Ching W. 

Highly Sensitive Loop-Mediated Isothermal Amplification for the Detection of 

Leptospira. 2015;2015.  

[144]  Ali SA, Kaur G, Boby N, Sabarinath T, Solanki K, Pal D, et al. Rapid and visual 

detection of Leptospira in urine by LigB-LAMP assay with pre-addition of dye. 

Mol Cell Probes. 2017;36:29–35.  

[145]  Chen H-W, Weissenberger G, Ching W-M. Development of Lyophilized Loop-

Mediated Isothermal Amplification Reagents for the Detection of Leptospira. 

Mil Med. 2016;181(5S):227–31.  



© C
OPYRIG

HT U
PM

81 

 

[146]  Chan W, Verma CS, Lane DP, Gan SK. A comparison and optimization of 

methods and factors affecting the transformation of Escherichia coli. Biosci Rep. 

2013;33(6):931–7.  

[147]  Stoddard RA, Gee JE, Wilkins PP, McCaustland K, Hoffmaster AR. Detection 

of pathogenic Leptospira spp. through TaqMan polymerase chain reaction 

targeting the LipL32 gene. Diagn Microbiol Infect Dis 2009;64(3):247–55.  

[148]  Moon JW, Chang YS, Kim SK, Kim YS, Lee HM, Kim SK, et al. The Clinical 

Utility of Polymerase Chain Reaction for the Diagnosis of Pleural Tuberculosis. 

Clin Infect Dis. 2005;41(4):660–6.  

[149]  Brienze VMS, Tonon ÂP, Pereira FJT, Liso E, Tognola WA, Santos MAA Dos, 

et al. Low sensitivity of polymerase chain reaction for diagnosis of tuberculous 

meningitis in southeastern Brazil. Rev Soc Bras Med Trop. 2001;34(4):389–93.  

[150]  Garibyan L, Avashia N. Research Techniques Made Simple: Polymerase Chain 

Reaction (PCR). J Invest Dermatol. 2013;133(3):1–9.  

[151]  WHO. Human leptospirosis: guidance for diagnosis, surveillance and control. 

WHO Libr. 2003;45(5):1–109.  

[152]  Watts MR, James G, Sultana Y, Ginn AN, Outhred AC, Kong F, et al. A loop-

mediated isothermal amplification (LAMP) assay for Strongyloides stercoralis 

in stool that uses a visual detection method with SYTO-82 fluorescent dye. Am 

J Trop Med Hyg. 2014;90(2):306–11.  

[153]  Hsieh K, Mage PL, Csordas AT, Eisenstein M, Tom Soh H. Simultaneous 

elimination of carryover contamination and detection of DNA with uracil-DNA-

glycosylase-supplemented loop-mediated isothermal amplification (UDG-

LAMP). Chem Commun. 2014;50(28):3747–9.  

[154]  Karthik K, Rathore R, Thomas P, Arun TR, Viswas KN, Dhama K, et al. New 

closed tube loop mediated isothermal amplification assay for prevention of 

product cross-contamination. MethodsX . 2014;1(October):e137–43.  

[155]  Fischbach J, Xander NC, Frohme M, Glökler JF. Shining a light on LAMP 

assays- a comparison of LAMP visualization methods including the novel use of 

berberine. Biotechniques. 2015;58(4):189–94.  

[156]  Raymaekers M, Smets R, Maes B, Cartuyvels R. Checklist for optimization and 

validation of real-time PCR assays. J Clin Lab Anal. 2009;23(3):145–51.  

[157]  Chideroli RT, Gonçalves DD, Suphoronski SA, Alfieri AF, Alfieri AA, de 

Oliveira AG, et al. Culture strategies for isolation of fastidious Leptospira 

serovar Hardjo and molecular differentiation of genotypes hardjobovis and 

hardjoprajitno. Front Microbiol. 2017;8(NOV):1–8.  

[158]  Hamond C, Martins G, Medeiros MA, Lilenbaum W. Presence of leptospiral 

DNA in semen suggests venereal transmission in horses. J Equine Vet Sci. 

2013;33(12):1157–9.  

[159]  Ganbgwar S, Lakhera PC, Rai A. Restriction enzyme analysis of recombinant 

plasmids containing streptokinase. 2011;4(4):50–5.  



© C
OPYRIG

HT U
PM

82 

 

[160]  Abdizadeh R, Maraghi S, Ghadiri AA, Tavalla M, Shojaee S. Cloning and 

expression of major surface antigen 1 gene of Toxoplasma gondii RH strain 

using the expression vector pVAX1 in Chinese Hamster Ovary cells. 

Jundishapur J Microbiol. 2015;8(3):1–10.  

[161]  Yoshida A, Yoshida A, Nagashima S, Nagashima S, Ansai T, Ansai T, et al. 

Loop-Mediated Isothermal Ampli cation Method for Rapid Detection of the 

Periodontopathic Bacteria. Society. 2005;43(5):2418–24.  

[162]  Malhotra K, Foltz L, Mahoney WC, Schueler PA. Interaction and effect of 

annealing temperature on primers used in differential display RT-PCR. 

Reactions. 1998;26(3):854–6.  

[163]  Yeh HY, Shoemaker CA, Klesius PH. Evaluation of a loop-mediated isothermal 

amplification method for rapid detection of channel catfish Ictalurus punctatus 

important bacterial pathogen Edwardsiella ictaluri. J Microbiol Methods. 

2005;63(1):36–44.  

[164]  Fernández-Soto P, Gandasegui Arahuetes J, Sánchez Hernández A, López Abán 

J, Vicente Santiago B, Muro A. A Loop-Mediated Isothermal Amplification 

(LAMP) Assay for Early Detection of Schistosoma mansoni in Stool Samples: 

A Diagnostic Approach in a Murine Model. PLoS Negl Trop Dis. 2014;8(9).  

[165]  Liu J, Xu L, Guo J, Chen R, Grisham MP, Que Y. Development of loop-mediated 

isothermal amplification for detection of Leifsonia xyli subsp. xyli in sugarcane. 

Biomed Res Int. 2013;2013.  

[166]  Suebsing R, Prombun P, Srisala J, Kiatpathomchai W. Loop-mediated 

isothermal amplification combined with colorimetric nanogold for detection of 

the microsporidian Enterocytozoon hepatopenaei in penaeid shrimp. J Appl 

Microbiol. 2013;114(5):1254–63.  

[167]  Zhang Z, Yang X, Meng L, Liu F, Shen C, Yang W. Enhanced amplification of 

GC-rich DNA with two organic reagents. Biotechniques. 2009;47(3):775–9.  

[168]  Frackman BS, Kobs G, Simpson D, Storts D, Corporation P. Betaine and 

DMSO : Enhancing Agents for PCR. Promega Notes. 1998;65(65):9–12.  

[169]  Nie X. Reverse Transcription Loop-Mediated Isothermal Amplification of DNA 

for Detection of Potato virus Y. Plant Dis. 2005;89(6):605–10.  

[170]  Saah AJ, Hoover DR. “Sensitivity” and “specificity” reconsidered: The meaning 

of these terms in analytical and diagnostic settings. Ann Intern Med. 

1997;126(1):91–4.  

[171]  McDowell DG, Burns NA, Parkes HC. Localised sequence regions possessing 

high melting temperatures prevent the amplification of a DNA mimic in 

competitive PCR. Nucleic Acids Res. 1998;26(14):3340–7.  

[172]  Dieffenbach CW, Lowe TM, Dveksler GS. General concepts for PCR primer 

design. Genome Res. 1993;3(3):S30–7.  

[173]  Galloway RL, Hoffmaster AR. Optimization of LipL32 PCR assay for increased 

sensitivity in diagnosing leptospirosis. Diagn Microbiol Infect Dis. 



© C
OPYRIG

HT U
PM

83 

 

2015;82(3):199–200.  

[174]  Bourhy P, Bremont S, Zinini F, Giry C, Picardeau M. Comparison of real-time 

PCR assays for detection of pathogenic Leptospira spp. in blood and 

identification of variations in target sequences. J Clin Microbiol. 

2011;49(6):2154–60.  

[175]  Peleg AY, Tilahun Y, Fiandaca MJ, Agata EMCD, Venkataraman L, Moellering 

RC, et al. Utility of Peptide Nucleic Acid Fluorescence In Situ Hybridization for 

Rapid Detection of Acinetobacter spp . and Pseudomonas aeruginosa ᰔ. 

2009;47(3):830–2.  

[176]  Trung NT, Thi T, Hien T, Thi T, Huyen T, Quyen DT, et al. Enrichment of 

bacterial DNA for the diagnosis of blood stream infections. BMC Infect Dis. 

2016;1–9.  

[177]  Be SD, Boissinot M, Clairoux N, Picard J, Bergeron MG. Rapid Detection of 

Clostridium difficile in Feces by Real-Time PCR. 2003;41(2):730–4.  

[178]  Diego S. Multicenter Clinical Evaluation of the Portrait Toxigenic C . difficile 

Assay for Detection of Toxigenic Clostridium difficile Strains in. 

2012;50(12):3932–6.  

[179]  Kositanont U, Rugsasuk S, Leelaporn A, Phulsuksombati D, Tantitanawat S, 

Naigowit P. Detection and differentiation between pathogenic and saprophytic 

Leptospira spp. by multiplex polymerase chain reaction. Diagn Microbiol Infect 

Dis. 2007;57(2):117–22.  

[180]  Sethi S, Sharma N, Kakkar N, Taneja J, Chatterjee SS, Banga SS, et al. 

Increasing trends of leptospirosis in Northern India: A clinico-epidemiological 

study. PLoS Negl Trop Dis. 2010;4(1):1–7.  

[181]  Picardeau M, Bertherat E, Jancloes M, Skouloudis AN, Durski K, Hartskeerl R 

a. Rapid tests for diagnosis of leptospirosis: Current tools and emerging 

technologies. Diagn Microbiol Infect Dis. 2014;78(1):1–8.  

[182]  Jevtuševskaja J, Krõlov K, Tulp I, Langel Ü. The effect of main urine inhibitors 

on the activity of different DNA polymerases in loop-mediated isothermal 

amplification. Expert Rev Mol Diagn. 2017;17(4):403–10.  

[183]  Edwards T, Burke PA, Smalley HB, Gillies L, Hobbs G. Loop-mediated 

isothermal amplification test for detection of Neisseria gonorrhoeae in urine 

samples and tolerance of the assay to the presence of urea. J Clin Microbiol. 

2014;52(6):2163–5.  

[184]  de Oliveira CF, Paim TG da S, Reiter KC, Rieger A, D’Azevedo PA. Avaliação 

de quatro métodos diferentes de extração de DNA em isolados clínicos de 

estafilococos coagulase negativos (SCoN). Rev Inst Med Trop Sao Paulo. 

2014;56(1):29–33.  

[185]  Sweeney RW, Whitlock RH, McAdams SC. Comparison of three DNA 

preparation methods for real-time polymerase chain reaction confirmation of 

Mycobacterium avium subsp. paratuberculosis growth in an automated broth 

culture system. J Vet Diagn Invest. 2006;18(6):587–90.  



© C
OPYRIG

HT U
PM

84 

 

[186]  Peng X, Yu KQ, Deng GH, Jiang YX, Wang Y, Zhang GX, et al. Comparison 

of direct boiling method with commercial kits for extracting fecal microbiome 

DNA by Illumina sequencing of 16S rRNA tags. J Microbiol Methods. 

2013;95(3):455–62.  

[187]  Suebsing R, Kampeera J, Tookdee B, Withyachumnarnkul B, Turner W, 

Kiatpathomchai W. Evaluation of colorimetric loop-mediated isothermal 

amplification assay for visual detection of Streptococcus agalactiae and 

Streptococcus iniae in tilapia. Lett Appl Microbiol. 2013;57(4):317–24.  

[188]  Panaphut T, Domrongkitchaiporn S, Vibhagool A, Thinkamrop B, Susaengrat 

W. Ceftriaxone Compared with Sodium Penicillin G for Treatment of Severe 

Leptospirosis. Clin Infect Dis. 2003;36(12):1507–13.  

[189]  Phimda K, Hoontrakul S, Suttinont C, Chareonwat S, Losuwanaluk K, 

Chueasuwanchai S, et al. Doxycycline versus azithromycin for treatment of 

leptospirosis and scrub typhus. Antimicrob Agents Chemother. 

2007;51(9):3259–63.  

[190]  Yang CW, Wu MS, Pan MJ. Leptospirosis renal disease. Nephrol Dial 

Transplant. 2001;16 Suppl 5(August 1999):73–7.  

[191]  Al B et. Detection of Leptospirosis in Urine by PCR for Early Diagnosis of 

Leptospirosis. Clin Microbiol. 1994;32(8):1894–8.  

[192]  Yang C-W. Leptospirosis Renal Disease: Emerging Culprit of Chronic Kidney 

Disease Unknown Etiology. Nephron. 2017;33333(5):129–36.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

92 

 

BIODATA OF STUDENT 

 

Shuhaidah Othman was born and raised in Kuala Lumpur, Malaysia. She is the third 

child in the family of five children. She started school in Sekolah Kebangsaan La Salle 

(2) Jinjang followed by Sekolah Menengah Kebangsaan Jinjang. Throughout her primary 

and secondary education, she developed a great interest for science, particularly biology. 

Her interest in this field remains undiminished, as she continued her post-secondary 

education in the field of biology at Selangor Matriculation College. She then attended 

Universiti Putra Malaysia from 2011 to 2015 and graduated with a second-class upper 

degree in Bachelor of Science in Cell Biology and Molecule. During her undergraduate 

study, she was involved in a research project of plant molecular biology mainly on the 

identification of putative monolignol transporter gene homolog in Oryza sativa. Apart 

from that, during her industrial training in Forest Research Institute Malaysia (FRIM) 

she conducted a research project on the screening of anti-inflammatory effects of 

traditional plant extracts. It was during that time; she discovered her passion toward 

scientific research and began to embrace the beauty of it. Her interest grew even stronger 

with the knowledge she gained throughout her undergraduate journey. In year 2016, she 

entered the Master program at her alma mater, Universiti Putra Malaysia, in the field of 

medical microbiology where she performs a research on development of molecular 

detection for Leptospira by using loop mediated isothermal amplification method. Her 

curiosity and perseverance roots from the thought she always lives by – “You will never 

know until you try, and however difficult the journey may seem, one should not give up 

because there will always be something one can do and succeed at.” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

93 

 

LIST OF PUBLICATIONS 

 

 

Othman S, Philip N, Taib N-M, Neela V-S, Chee H-Y. Detection of Leptospiral DNA in 

 Urine Sample Following Prolonged Hospitalization: A Case Report. Mal J Med 

 Health Sci. 2019 

Wong Y-P, Othman S, Lau Y-L, Son R, Chee H-Y. Loop Mediated Isothermal 

 Amplification (LAMP): A Versatile Technique for Detection of 

 Microorganisms. J Appl Microbiol. 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM




