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Chikungunya is a viral infection caused by the Chikungunya virus (CHIKV), which is
spread from person to person by the bite of an infected Aedes mosquito. CHIKV is one of the major
public health problems in tropical countries and an epidemic in new areas that increases year by
year. Most infected patients often have severe joint pain that affects their daily activities. Currently,
the reverse-transcriptase polymerase chain reaction (RT-PCR) methods have been widely used to
detect CHIKV, but it is costly, time-consuming, and requires expertise. Hence, this study was
focused on the development of reverse-transcriptase-loop-mediated isothermal amplification (RT-
LAMP) combined with a lateral flow dipstick (LFD) as the specific and sensitive tool for detection of
CHIKV in comparison to RT-PCR. The data revealed that the limitation of RT-LAMP-LFD could detect
CHIKV as less as 1 pg/pL, which is 1000 times more sensitive than the RT-PCR methods. In addition,
the RT-LAMP-LFD showed no cross-reaction with other viruses and bacteria, such as Dengue virus
serotypes 1-4, Zika virus, Influenza virus, Hepatitis C virus, and Staphylococcus aureus. In
conclusion the RT-LAMP-LFD is an effective method for the detection of CHIKV, due to its

convenience, as well as its high specificity, and sensitivity.

Keyword : Chikungunya virus, Reverse-transcriptase loop-mediated isothermal amplification, Lateral

flow dipstick



ACKNOWLEDGEMENTS

| would like to express my sincere gratitude and deep appreciation to Assoc.
Prof. Dr. Somchai Santiwatanakul, my advisor for his valuable advice, helpfulness,
understanding, and encouragement throughout this study. | am especially grateful to my
co-advisor, Professor Dr. Kosum Chansiri and Dr. Supatra Areekit for theses guidance,
kindness, and valuable advice in this thesis would never be completed successfully. My
special thanks to my committees, Asst. Prof. Dr. Montri Yasawong and Assoc. Prof. Dr.
Teeraporn Bureerug for their constructive criticisms and corrections of my thesis.

| am deeply grateful to Graduate School, Srinakharinwirot University for providing
scholarships to pursue a master's degree. | would like to thank the Laboratory of
Biochemistry, Faculty of Medicine, Srinakarinwirot University, and Center of Excellence in
Biosensors, Sriakarinwirot University for supporting molecular equipment facilities. Also,
thank the Department of Pathology, Faculty of Medicine Ramathibodi Hospital, Mahidol
University for supporting the specimens. Special thanks to all my friends in this laboratory
for their kind helpful assistance, friendship, and always kindness to me. This study was
funded and completed with the support of a MED-GRAD-150 research grant from the
Faculty of Medicine, Srinakarinwirot University.

Finally, | am deeply grateful to my dear family for all love, understanding, and

always being beside me. | would never have had success without them.

NGAMNETE PHONGPRATHEEPCHAI



TABLE OF CONTENTS

Page

ABSTRACT .ttt ettt ettt ettt ettt ettt D
ACKNOWLEDGEMENTS ...ttt E
TABLE OF CONTENTS ...ttt ettt ettt ee e neeeneas F
LIST OF FIGURES ...ttt J
CHAPTER | INTRODUGCTION ..ttt eneas 1
BaACKGIOUNG ...ttt ettt e e e e e et a e e e e e et a e e e e 1
CHAPTER Il LITERATURE REVIEW. ...ttt 3
1. Biclogy®. .a...4.... 528 0. L9 S | % .= W ... 3

2. Replication cycle of ChiKUNQUNY@ VIFUS .....ccoiiiiiiiiiiiiiicce e 4

3. TTANSIMUSSION ..ttt ettt e et e ettt e e e e 5
3.1 ENZOOLIC SYIVATIC CYCIE ..uuiiiiiiiiiiiiiiiiiiiii s 5

3.2 Urbaniieyele ... 88 s oo .. L e 5
1 111 (6 1 1T EUUR T USSSPRPRRR 6
4.1 ACULE PRESE oo 6

4.2 ChrONIC PRASE «.oiiiiiiiiiee 7

5. TrEAIMENTS ..o 7

B. PrEVENTION ..o 7
7. Laboratory di@QgnOSTICS ...uuuuuuuiureeiiiieiiiiiiiiiii e 8
7.1 Virus Culture and ISOIAtION .....ouviiiiiiiiie e 8

7.2 SerologiCal tESHNG . .ciii i 8

7.2.1 Enzyme-linked immunosorbent assay (ELISA).......cc.ccoovveeeiieicieeen, 8



7.3 MOIECUIBI TESTS ittt e e e e e eeaaa e 8
7.3.1 Reverse Transcription-Polymerase Chain Reaction (RT-PCR) ............. 8

7.3.2 Loop-mediated isothermal amplification (LAMP) .......ccovviviieiiieeene.e, 8

7.3.2.1 Detection of LAMP Product .........coooieiiiiiiiiee e 10

8. BIOSENSOIS ...ttt et 10
9. Lateral FIoW DIPSHICK (LFD) .uviiiieiee ettt 11
9.1 SAMPIE PAA ...ttt nnnns 12

9.2 CoNJUGALE PG ... .eeiiii i 12

9.3 REaCHION MEMDIANE .. ..iiiiiiiiiiee et 12

9.4 ADSOIDENT PAGA. ... uueiietiiiie e nnnnas 12

10. Detection Of CHIKV ... ettt e e e e e e e e 13
@] o =017 T S e S PR 14
CHAPTER I MATERIALS AND METHODS .....ooiiiiiiiiie ettt 15
1. Sample COIECTION ..o 15
2. RNA extraction and reverse transCriplion ...... ... 15

3. Conceptual diagram for development of detection methods for Chikungunya virus

................................................................................................................................ 15

4. PCR amplification of Chikungunya virus based on E1 gene........cccccccovviiiiinnnnenn. 16
4.1 PCR PIIMETS ittt ettt e e e e e e e e e e e 16
4.2 PCR OPUMIZALION 1o 17
4.2.1 Temperature optimization ... 17

4.2.2 Concentration of MQCL,.........ccoiiiiiiiiii e 17

5. LAMP amplification of Chikungunya virus based on E1 gene. .........ccccvvvveeeinnennen, 17



D1 LAMP O MBS oottt 17

5.2 LAMP O MIZATION ...ttt 18
5.2.1 Temperature optimiZation ... 18

5.2.2 Concentration of MgSO, ..o 18

5.2.3 Concentration of ANTPS ..ot 18

6. Lateral Flow Dipstick @SSay (LFD) .....coiviiioieeeee e 18
B.1 PCOR-LEFD ..ttt 19
B.2 LAMP-LED .ttt ettt 19
6.2.1 Optimization of FITC-DNA probe.............c.oocoo 19

7. Analytical sensitivity test (Limit of Detection, LOD) ....cc..cooveiiiiieiiiiiiie e 19
8. Analytical SPECITICITY tEST. ... 19
CHAPTER IV RESULTS ..ottt 21
1. Optimization of PCR and LAMP Of ET QENE ...cioiiiiiiiieee e 21
1.1 PCR ampPlification .......ooiiiiiiiieeeeeeeeeeee 21

1.2 LAMP amplification.........oooiiiiiiii e 22

1.3 The limit of detection (LOD) and specificity of PCR and LAMP assays of

CHIKV et aea e 24

2. Lateral Flow Dipstick (LFD) deteCtioN........covviiiureiiiie e 26
2.1 Optimization of DNA probe concentration..........ccccvvvvieiiiiiiiiiiiicceeeeecc 26

2.2 The limit of detection and specificity of PCR-LFD and LAMP-LFD ................. 27
CHAPTER V DISCUSSION ...ttt ettt enes 30
APPENDIX Lttt et e e 32

REFERENGCES ... et 42






LIST OF FIGURES

Page

Figure 1 Taxonomy of ChIKUNQUNYA VIIUS. ....ccuuuiiiiiie e 3
Figure 2 The structural genome of ChiKUNGQUNY& VirUS. ....uvvviiiieeiiiiiiiiiiieeee e 4
Figure 3 Chikungunya virus replication cycle in host Cells.........coovvieiiiiiiiiieeeee, 5
Figure 4 Transmission cycle of ChikuNngunya Virus. ........cccvvviiiiii i 6
Figure 5 Illustration of LAMP primers for LAMP reaction...........cccccoevvvviiiiiiiiiiiiiiiiiieeeee 9
Figure 6 Principle of loop-mediated isothermal amplification (LAMP) method. .............. 10
Figure 7 Principle of Lateral Flow Dipstick (LFD). ccuvooiieiiiieiieecie e 11
Figure 8 The method schematic diagram for detection of chikungunya virus. ............... 16

Figure 10 Optimized concentration of MgCl, analyzed. Lane M represents 100 bp DNA
ladder. Lane 1-7 represents different concentration of MgCl, at 1.0 mM, 1.5 mM, 2.0
mM, 2.5 mM, 3.0 mM, 3.5 mM and 4.0 mM, respectively. Lane N represents the negative

control........... 00 s W T L ST e R o A 22

Figure 11 Optimized temperature analyzed. Lane M represents a 100 bp DNA ladder.
Lane 1-10 represents different temperatures were 57 °C, 57.6 °C, 58.5 °C, 59.6 °C, 61
°C, 62.7 °C, 64.1 °C, 65.2 °C, 66.7 °C, and 67 °C, respectively and Lane N represents

the Negative CONTIOL. ... 23

Figure 12 Optimized concentration of MgSO, analyzed. Lane M represents 100 bp DNA
ladder. Lane 1-7 represents different concentration of MgSO, at 4.0 mM, 4.4 mM, 4.8
mM, 5.2 mM, 5.6 mM, 6.0 mM, and 6.4 mM, respectively. Lane N represents negative

CONE O, e e 23

Figure 13 Optimized concentration of dNTPs analyzed. Lane M represents a 100 bp

DNA ladder. Lane 1-7 represents different concentrations of dNTPs at 0.8 mM, 1.0 mM,



1.2mM, 1.4 mM, 1.6 mM, 1.8 mM, and 2.0 mM, respectively. Lane N represents the

NEGALVE CONIIOL. 1.utiiiiiie ettt e e e e e et e e e e e e e s s enaaaaeeeas 24

Figure 14 The LOD of PCR and LAMP assays. Lane M represents a 100 bp DNA ladder.
(PCR) Lane 1-8 represents amplification product of DNA concentrations at 90 ng/uL, 9.0
ng/uL, 0.9 ng/uL, 90 pg/uL, 9.0 pg/uL, 0.9 pg/uL, 90.0 fg/uL and 9.0 fg/uL, respectively.
(LAMP) Lane 1-8 represents the amplification product of DNA concentrations at 100.0
ng/uL, 10.0 ng/uL, 1.0 ng/pL, 100.0 pg/pL, 10.0 pg/pL, 1.0 pg/uL, 100.0 fg/pL and 10.0

fg/uL, respectively. Lane N represents the negative control..............ccccoevvin, 25

Figure 15 Specificity test of PCR and LAMP assays. Lane M represents a 100 bp DNA
ladder. Lane 1-9 represents Chikungunya virus, Dengue virus serotype 1-4, Zika virus,
Influenza virus, Hepatitis C virus, and S. aureus respectively. Lane N represents the

LYo = 1 TNV =T oTo] o] (o] L O P TR 26

Figure 16 Optimization of DNA probe of PCR and LAMP assays. Strips 1-3 represents

DNA probe concentration 10 uM, 1 uM, and 0.1 pM respectively......cccccvvvvviiiiiiiiinnnnn, 27

Figure 17 The LOD of PCR-LFD and LAMP-LFD assays. (PCR-LFD) Strips 1-8 represents
amplification product of DNA concentrations at 90.0 ng/pL, 9.0 ng/uL, 0.9 ng/uL, 90.0
pg/uL, 9.0 pg/uL, 0.9 pg/uL, 90.0 fg/uL, and 9.0 fg/uL, respectively. (LAMP-LFD) Strips
1-8 represents amplification product of DNA concentrations at 100.0 ng/uL, 10.0 ng/uL,
1.0 ng/pL, 100.0 pg/pL, 10.0 pg/uL, 1.0 pg/pL, 100.0 fg/uL and 10.0 fg/uL, respectively.

Lane N represents the negative CONMrol. ... ... 28

Figure 18 Specificity test of PCR-LFD and LAMP-LFD assays. Strips 1-9 represents
Chikungunya virus, Dengue virus serotypes 1-4, Zika virus, Influenza virus, Hepatitis C

virus and S. aureus respectively. Lane N represents the negative control...................... 29



CHAPTER |
INTRODUCTION

Background
Chikungunya fever is a disease caused by the Chikungunya virus (CHIKV)
belonging to the genus alphavirus and family Togaviridae. The virus was transmitted to

humans through the bite of infected Aedes mosquitoes(”

causing joint inflammation and
swelling which is the main organ that suffers from the infection and often debilitating(z).

CHIKV outbreaks mostly occur in several countries of Africa, Asia, and the
Indian subcontinent. In the few years, the virus has become one of the major problems
in Southeast Asia such as Singapore, Malaysia, and Thailand®. In 1958, the first case of
CHIKV infection in Thailand was reported in Bangkok and subsequently spread to other
provinces. In 2009, a large outbreak of chikungunya fever of approximately 32,000
cases was announced by the Bureau of Epidemiology, Department of Disease Control,
Ministry of Public Health Thailand. On August 25, 2020, a total of 7,396 cases were
testified from 72 provinces of Thailand which were able to spread in a new area?.

In general, the two species of Aedes mosquitoes causing chikungunya fever are
Aedes aegypti and Aedes albopictus which are also vectors for transmission of dengue
virus and zika virus"®. In humans infected with CHIKV, acute symptoms usually appear
3-12 days after a bite from an infected mosquito. The common symptoms include fever,
muscle pain, and joint painm. However, occasionally the joint pain may be last for
months or even years. The mortality rate following CHIKV infection is relatively low but,
severe joint pain can affect long-term quality of life®.

Several methods have been employed for CHIKV diagnosis such as an antigen
or serological test for IgM and IgG antibodies detection, viral culture for virus species
identification at the early stages of illness, or molecular techniques such as reverse
transcriptase-polymerase chain reaction (RT-PCR), real-time RT-PCR and isothermal
methods that are viral nucleic acid tests”. However, these methods required costly

equipment, complicated procedures, and time-consuming which are not suitable for

their use in the field investigation. Hence, this research will develop a rapid screening



test for CHIKV diagnosis based on loop-mediated isothermal amplification
(LAMP) combined with lateral flow dipstick (LFD). The test is easy to use, rapid, and low
cost which will be beneficial for onsite diagnosis without complicated equipment. In
addition, the rapid screening test will assist the epidemiological survey as well as

prevention and control planning of the virus.



CHAPTER I
LITERATURE REVIEW

1. Biology

Chikungunya virus (CHIKV) is an alphavirus belonging to the Togaviridae family
(Figure 1) and is transmitted by Aedes species mosquitoes. It causes periodic
outbreaks of chikungunya fever, which affects public health in several countries in

subtropical and tropical regions.

Group :  Group I (+) ssENA virus
Order :  Martellivirales
Family - Togaviridas
Genus . Alphavirus

Species © Chikungunya virus

Figure 1 Taxonomy of chikungunya virus.

CHIKV is an enveloped, approximately 70 nm in diameter contains a positive
single-stranded RNA genome with approximately 12 kb in length. The genome consists
of two open reading frames (ORFs) that encode structural proteins such as capsid, E3,
E2, 6K, and E1 and nonstructural proteins such as nsP1, nsP2, nsP3, and nsP4 (Figure
2). The genetic studies have elucidated that the virus has evolved into 3 different
genotypes including West African genotypes, East/Central/South African (ECSA)
genotypes, and Asian genotypes. The genetic differences between CHIKV lineages are
also responsible for the different antigenic properties. In Africa, two genotypes, West
African and ECSA genotypes, are commonly found and they are responsible for
epidemics on the continent. In Asia, the epidemic is due to the Asian genotype and the

ECSA genotype is often found in the Indian continent """
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Figure 2 The structural genome of chikungunya virus. e
2. Replication cycle of chikungunya virus

The life cycle of CHIKV in host cells starts with the attachment to the host cell
through the endocytosis receptor. The low pH environment within the endosome
encourages, fusion and nucleocapsid are released into the cytoplasm. Then, the
nucleocapsid is disassembled and release the RNA into the cell. The viral genome is
translated by the host cell to create nonstructural proteins to produce P123 precursor
and nsP4 protein, which can be combined with host proteins to form viral replication.
Afterward, the enzyme catalyzes the synthesis of negative sense RNA which serves as a
template for synthesis of the positive sense genome and sub-genome RNA as mRNA for
the synthesis of the structured polyproteins. Later, free capsids are produced, released
into the cytoplasm, and interact with envelope glycoproteins at the plasma membrane to
form virions. Ultimately, the mature virions are released and spread to other cells (1219

(Figure 3).
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Figure 3 Chikungunya virus replication cycle in host cells. 02

3. Transmission
Chikungunya virus is mainly transmitted to humans by the bites of female Aedes
mosquitoes. However, transmission between mother and fetus may occur in some
cases' . There are two different transmission cycles of CHIKV: a sylvatic cycle affecting
human-mosquito-monkey/primates and an urban cycle affecting human—mosquito“s)
(Figure 4).
3.1 Enzootic sylvatic cycle
The enzootic cycle refers to the transmission of the virus from an infected
animal to mosquitoes and then from the carrier mosquitoes to healthy humans. This
cycle is common in African countries and the main transmitting is Aedes species of
forest mosquitoes include Aedes furcifer, Aedes Iuteocephalus, Aedes taylori and
Aedes Africanus.
3.2 Urban cycle
Urban cycle refers to the transmission of the virus from an infected human
to mosquitoes and then from the carrier mosquitoes to healthy humans. In Asian

countries, the main transmitting species are Aedes albopictus and Aedes aegypti. In



this cycle, the human acts as major hosts, and the female mosquitoes act as vectors.

Aedes mosquitoes adopt themself in urban areas and it is the primary route of CHIKV

. . (16-18)
transmission

Sklvatic CHIKV Urban CHIKV

transmission transmission

cycle cycle
Z. : E-._I ™ ~ é ; §$__‘-

Aedes furcrfer\‘ ’ Aedes aegypl:

Aedes africanus Aedes albopict US

W8 G Py | iy

N Y P

\ vertebrates

Aedes furcifer, Aedes africanus Aedes aegypl;
Aedes albopictus

Figure 4 Transmission cycle of chikungunya virus. e

4. Symptoms
After an infected mosquito bites, the particles of the virus accumulate in the skin,
from which it eventually reaches the lymph nodes and the blood flow. It then spreads to
target organs such as skin, muscles, and joints. The disease appears after 2-4 days of
an incubation period. Symptoms begin suddenly with a high fever, muscle pain, severe
pain in joints, and rash"?. The most frequent positions of arthritis symptoms include
ankles, wrists, toes, fingers, and knees. Generally, CHIKV infection is categorized into
acute and chronic stages.
4.1 Acute phase
The acute phase is the first three weeks of the disease. After the incubation
period, the infected person will develop a high fever, joint pain, and intense myalgia
which is often accompanied by rash, headache, and photophobia. These acute

symptoms usually resolve within 1-2 weeks.



4.2 Chronic phase
The symptoms of the chronic phase are similar to the acute stage, but joint

pain usually lasts more than months to several years. The percentage of patients
developing into the chronic stage ranges from 40-80%, which is more common in adults
than children”®?".
5. Treatments

There is no specific drug for CHIKV infection treatment. According to the acute
phase, the patients will be symptomatically treated with non-steroidal anti-inflammatory
drugs to relieve fever and pain such as ibuprofen, naproxen, acetaminophen, or
paracetamol. However, aspirin should be avoided as it affects platelets. Patients with
persistent joint pain may need long-term pain relievers or anti-inflammatory drugs, such
as chloroquine and hydroxychloroquine will be used in the treatment of chronic
arthritis® *”. In addition, the small molecules with natural or synthetic origin such as
ribavirin, chloroquine, and arbidol have been experimentally tested to treat CHIKV
infection. These molecules can inhibit viral replication by blocking the spread of the

virus at different stages. Currently, there is no licensed vaccine against CHIKV infection

(20, 24).

6. Prevention

Presently, there are no specific drugs and vaccines against CHIKV. The best
prevention is to avoid mosquito bites and eliminate stagnant water, which is the
breeding ground for mosquitoes%). The common, simple, and effective ways on
preventing mosquito-borne diseases are wearing long-sleeved shirts and long pants to
sleep, sleeping with mosquito nets covering the bed, and using insecticide sprays and
mosquito repellants. In addition, the environment around houses and buildings should
be checked to make sure there is no standing water around the area where people live
and eliminating these water sources can help decrease the prevalence of

. (26)
mosquitoes™ .



7. Laboratory diagnostics
Laboratory diagnostics of CHIKV are counted on the blood sample.
7.1 Virus Culture and Isolation
Detection of CHIKV based on virus isolation from the blood patients during
the first week of illness is cultured in various cell lines such as C6 / 36, BHK21, insect
cells, Hela, and Vero cells. The virus isolation method can isolate and identify the strain
of the virus within 1-2 weeks and must be performed only in a BSL-3 laboratory to
reduce the risk of virus transmission®”
7.2 Serological testing
7.2.1 Enzyme-linked immunosorbent assay (ELISA)

ELISA is a method for the detection of IgM and IgG antibodies in the
patient blood based on the principle of the Antigen-Antibody complex. The IgM
antibodies can be detected 3 days after the onset of symptoms and persist for several
weeks up to 3 months while the IgG appears shortly after IgM antibodies and persists
for years. However, detection of CHIKV by ELISA assay can cross-reaction with other
flavivirus antibodies © 7.

7.3 Molecular tests
7.3.1 Reverse Transcription-Polymerase Chain Reaction (RT-PCR)

RT-PCR is one of the most widely used tools for the detection of CHIKV
viral RNA when a patient is in the acute stage of infection. The specific RT-PCR primers
relied on three structural gene regions, Capsid (C), Envelope E-2, and Envelope E-1.
The method is very specific and sensitive which typically takes 1-2 days. However, the
disadvantage of this method is that it requires expensive tools and laboratory skills®"??.

7.3.2 Loop-mediated isothermal amplification (LAMP)

Loop-mediated isothermal amplification (LAMP) is an isothermal method
for nucleic acid amplification widely applied in molecular biology laboratories. The
LAMP technique is a gene amplification using 4 primers that are specific to 6 distinct
regions on the target gene(so)

The mechanism of operation of the LAMP consists of 2 steps: first,

starting structure producing for creating a stem-loop on both sides of the target gene



and second, increasing gene amplification from the stem-loop by relying on DNA
polymerase with strand displacement activitym).

In the LAMP reaction, starting the reaction to amplification the genetic
material at a temperature of about 60°C - 63°C, which is a condition in which Bst DNA
polymerase works well and use specific primers at different areas of the target gene.
Primers for LAMP consist of outer primer (forward outer primer — F3 and backward outer
primer - B3), inner primer (forward inner primer - FIP and backward inner primer - BIP),
and sometimes there may be loops primer (loop forward primer - LF and loop backward

primer - LB) can accelerate the gene amplification process. (Figure 5).

FIP
Ly
T
F2
N
120-180 ni
F3 ! 1
5 Il 4060 nt
I ] 0-40 nl
¥ Fic Fac Fic Target DA B1 gz 1 p3 5
BN
5 F3 1 F2 F1 Blc Bic Bic 3
0-40 e 40-80 nt Ba
¥ )
BIF

Figure 5 lllustration of LAMP primers for LAMP reaction. @9

The LAMP reaction initiates from the F2 of the FIP primer binding to the
F2c region on the DNA template, inducing the synthesis of the DNA strand. Then, F3
binds to the F3c of the DNA template to synthesize the DNA strand resulting in dropping
out of the previously synthesized DNA strand. The DNA strands then form a stem-loop at
the 5' end due to the hybridization of F1c and F1 regions. Like F2 of the FIP primers, B2
of BIP primers binds to the B2c region on the DNA template and induces the synthesis

of the DNA strand. Both F2 and B2 simultaneously react causing the structure of the
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DNA called a dumbbell-like structure, the amplification process continues by using a

dumbbell-like structure as a template, resulting in creating different structures® (Flgure

6).
. F3c F2cFlc Target DNA Bl B2 B3 3 F1 BICBZCBJC
:— -—r—=: (6) 2 - — - 3
F3 F2 FI  BleB2cB3e Fic Th2phe e
‘o
a " F3c F2¢Flc Bl B2 B3
V oeatls o —ee i
: o _ Flc F2 FI Ble B2¢B3c
msnc F23" (DNA Polymerase (7 o —_ﬂ? 3
with strand displacement activity 3 F1 F2cFle Bl B2 B“
F3c F2¢F1 Bl B2 B3 43 Bl
¢ F2¢cFlc
(2) __4‘ ®) Fle ‘?9 5 B2
5 T F1° Ble
> ¥ F2 F1 Blc B2¢B3c
Fle
. F3cF2cFlc Bl B2 B3 g
3) 3 T —_‘-;' ® e
(3 Primer] —— 3 . o
mpi.lch FI Ble B2¢B3e 2 R0 i
F3c F2¢Fle Bl B2 B3
) N e = =
R e R M
F3 F2 F1 Ble B2¢ B3c
(5) 3 T e . = 3
Fle F2 F1 Ble B2cB3ce

Figure 6 Principle of loop-mediated isothermal amplification (LAMP) method. @2

7.3.2.1 Detection of LAMP Product
Detection of LAMP products can be tested out in several ways.
Firstly, the turbidity due to the magnesium pyrophosphate reaction product can be
observed by naked eyes. Secondly, the fluorescence SYBR Green | intercalated LAMP
product can be examined under UV light. Lastly, fluorescence dye staining of LAMP

products after agarose gel electrophoresis can be monitored under UV ||ght @133

8. Biosensors
Biosensors or biological analyzers are methods for the analysis of specific

biological targets. Biosensors are relied on the principle of collaboration between
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biological components and transducers to translate the result in the form of various
signals such as colors or electrical signals(34). The specific binding between ligands
(analyze substrate) such as biomolecules, proteins, antigens, drugs, etc. and the
specific biological receptors such as enzymes, nucleic acids, antibody, proteins, tissues
that are immobilized on the surface of the signal transducer. The transducer then
converts those characteristics into electrical signals or appropriate signal such as
ionization, electrons, humidity, oxygen, heat, and color are transmitted to the detector for

further analysis and display(%).

9. Lateral Flow Dipstick (LFD)

LFD is a diagnostic method based on the chromatographic principle. This
method is widespread due to its convenience and speed. Also, the specificity and
sensitivity of the test results are reliable. The main components of the LFD nitrocellulose
membrane strip consist of a sample pad, conjugate pad, reaction membrane, and
absorbent pad (Figure 7). Each component of the LFD strip assesses solution
transportation through the surface membrane. At present, it has been applied for PCR,

LAMP, and RPA products detection.

Flow direction Control line
6 ':> Test line

Membrane Adsorbent pad

Sample pad
Backing card

Conjugate release pad

(36)

Figure 7 Principle of Lateral Flow Dipstick (LFD)
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9.1 Sample pad
The sample pad is the first area receiving the sample solution that needs to
be inspected and put into this area before passing through the next part.
9.2 Conjugate pad
The sample solution from the sample pad will shift to the conjugate pad,
which consists of antibodies specific to the target sample (Anti-Fluorescein
isothiocyanate or FITC antibody) conjugated to a gold nanoparticle. Once the solution
moves to the conjugate pad, it will be able to bind to the specific antibody and deliver it
to the next area.
9.3 Reaction membrane
The reaction membrane is a hydrophobic nitrocellulose membrane in which
marker molecules for example antibodies and biotin ligand are immobilized onto the test
line and control line. If the sample solution contains the substance to be examined, the
formation of particles on the test line will occur and appear as a band that can be seen
by the naked eye.
9.4 Absorbent pad
The absorbent pad is the final area of the LFD which prevents the solution
from flowing backward.

The process of LFD starts by dropping the DNA-DNA hybridization complex
solution onto the sample pad. The complex mixture contains biotin-labeled DNA
amplified products generated from the DNA amplification of biological target hybridizes
with FITC labeled DNA probe which binds to the anti-FITC conjugated gold
nanoparticles. After dropping, the complex solution then migrates to the conjugate pad
via diffusion, binds to immobilized biotin receptor, and generates the red-purple color at
the test line. Meanwhile, the free anti-FITC gold nanoparticles in the solution move to the
anti-anti-FITC coated control line to form a complex and appear as the red-purple color.
The interpretation can be accomplished in terms of the positive result is identified by the
appearance of the red-purple color at both C and T lines while the negative result shows

. 36
only the control line®.
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10. Detection of CHIKV

There are several ways to diagnose CHIKV infection such as viral culture, ELISA,
RT-PCR, and real-time PCR to confirm the disease, but these methods have limitations
because they require equipment and skilled laboratory personnel and therefore are not
widely used in many hospitals. In recent years, a test kit has been developed and
widely used in the diagnosis of several human diseases, such as dengue virus infection,
Influenza virus infection, rotavirus infection including developed a test kit for detecting
CHIKV. Previous studies have developed an antigen detection test using the
immunochromatographic (IC) method with mouse MAbs against the CHIKV E1 protein.
In this study, B-7 cells infected with CHIKV were injected into mice to produce
antibodies, then anti-CHIKV specific MAbs were immobilized on the nitrocellulose
membrane for the test line to capture the CHIKV protein(m Generally, the diagnosis of
CHIKV infection is based on clinical symptoms, which can be a misdiagnosis because
the symptoms are similar to dengue fever. In a later study, a platform was developed to
detect IgM and IgG antibodies of the dengue virus infection and CHIKV infection. The
platform is designed to be able to multiplex detected four targets on a single strip based
on antibody reactions to recombinant DENV1-4 and CHIKV E1, E1-A226 V, and E2
envelope proteins@g). These detection kits were developed to support clinical evaluation
of patients with suspected CHIKV infection, which are suitable for use in the field or in
laboratories where there is a shortage of equipment. In addition, the correct diagnosis
allows prompt treatment, reduces the spread, and controls the epidemic areas.
However, the above test kits are required antibodies to be used in the detection of
CHIKV infection, antibody production is costly and involves a complex process. Hence,
test kits have been developed based on molecular techniques such as RT-PCR, LAMP,
and RPA combined with LFD assay to optimize test kits, reducing complex processes

and reducing costs.
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Objectives
1. To develop the LAMP-LFD test for detection of CHIKV the blood samples.
2. To investigate the analytical sensitivity (limit of detection) and specificity of

LAMP-LFD test in comparison to RT-PCR.



CHAPTER Il
MATERIALS AND METHODS

1. Sample collection

This project has been approved by Ethics Committees, Srinakharinwirot
University (Ethics approval number SWUEC/X-450/2563) and by Ramathibodi Hospital,
Mahidol University Ethics approval MURA2021/105 ). Chikungunya viral RNA specimens
will be obtained from the Department of Pathology, Faculty of Medicine Ramathibodi

Hospital, Mahidol University.

2. RNA extraction and reverse transcription

The viral RNA was extracted from 200 pL of patient plasma samples using the
Nucleic acid extractions I\/IagDEA® Dx reagents (Precision System Science, Chiba,
Japan) according to the manufacturer’s protocol. The genomic RNA extracted was
stored at -80°C until use. The concentrations of genomic RNA were determined by using
a Nanodrop spectrophotometer (Thermo Scientific; Wilmington, DE, USA). The reverse
transcription of CHIKV RNA was performed by using the SuperScript™ Il Reverse

Transcriptase kit (Invitrogen, Waltham, MA, USA).

3. Conceptual diagram for development of detection methods for Chikungunya virus

The method schematic diagram for the detection chikungunya virus in this study

was shown in Figure 8.



Chikungunya virus specimens

RMA extraction

Loop mediated Isothermal amplification

Lateral Flow Dipstick (LFD)

\ ¢

\ £

Analytical sensitivity
test

Analytical Specificity
test

Figure 8 The method schematic diagram for detection of chikungunya virus.

4. PCR amplification of Chikungunya virus based on E1 gene.

4.1 PCR primers

16

The primers for PCR were designed based on the chikungunya virus

envelope glycoprotein E1 gene retrieved from the NCBI database (GenBank accession

number AB857841.1). A set of PCR primers including the forward primer (Biotin-CHIKV

E1-F3) and the reverse primer (CHIKV E1-B3) were designed by using software Primer

explorer V5 programmed ( http:/primerexplorer.jp/lampv5 e /index.htmL) . CHIKVE1-

probe was designed in the region between CHIKV E1-F and CHIKV E1-R.
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4.2 PCR optimization
The PCR reaction for detection of chikungunya virus based on E1 gene was
accomplished in 25 pL reaction containing 1X PCR buffer, 1 mM MgCl,, 0.05 U/uL Taq
polymerase (Vivantis, Shah Alam, Selangor, Malaysia), 0.4 mM dNTPs mix (New
England Biolabs, lpswich, MA, USA), 0.4 uM of each primer (CHIKV E1-F3 and CHIKV
E1-B3), and 1 uL of cDNA. The step of PCR amplification contains pre-denaturation step
at 95 °C for 5 minutes followed by 30 cycles of denaturation at 95 °C for 30 seconds,
annealing 56 °C for 30 seconds, extension 72 °C for 1 minute, and finally post-extension
72 °C for 5 minutes. The PCR amplicon was analyzed by using 2.0 % agarose gel
electrophoresis in 0.5X TAE buffer at 100 volts. The DNA pattern was visualized under
UV light by using gel-doc (UVITEC Cambridge).
4.2.1 Temperature optimization
The temperature optimization for PCR amplification was performed at 50
°C to 60 °C and the PCR amplicon was analyzed by using 2% agarose gel
electrophoresis in 0.5X TAE buffer at 100 volts.
4.2.2 Concentration of MgCl,
The suitable concentration of MgCI, for PCR amplification was
performed at 1.0 mM, 1.5 mM, 2.0 mM, 2.5 mM, 3.0 mM, 3.5 mM, and 4.0 mM. The PCR
amplicon was analyzed by using 2% agarose gel electrophoresis in 0.5X TAE buffer at

100 volts.

5. LAMP amplification of Chikungunya virus based on E1 gene.
5.1 LAMP primers
The primers for LAMP were designed based on the chikungunya virus
envelope glycoprotein 1 (E1) gene retrieved from the NCBI database (GenBank
accession number AB857841.1). The set of LAMP primers includes the forward primer
(Biotin-CHIKV E1-F3), the reverse primer (CHIKV E1-B3), the forward inner primer
(CHIKV E1-FIP), and the reverse inner primer (CHIKV E1-BIP) was designed by using

software Primer explorer V5 programmed (http://primerexplorer.jp/lampv5e /index.htmL).


http://primerexplorer.jp/lampv5e
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5.2 LAMP optimization
The LAMP reaction for detection of chikungunya virus based on E1 gene
was accomplished in 25 L reaction containing 0.5 M Betaine (Sigma-Aldrich, St. Louis,
MO, USA), 1x Thermopol buffer, 6 mM MgSO,, 1.5 mM dNTPs mix, 0.32 U/uL Bst DNA
polymerase (New England Biolabs, USA), 2 uM of each inner primers (CHIKV E1-FIP
and CHIKV E1-BIP), 0.2 uM of each outer primers (CHIKV E1-F3 and CHIKV E1-B3), and
3 ng/pL of RNA template. The LAMP reaction mixture will be incubated at 63 °C for 60
minutes and the amplification products will be analyzed by using 2.0 % agarose gel
electrophoresis in 0.5X TAE buffer at 100 volts. The DNA pattern will be visualized under
UV light by using gel-doc (UVITEC Cambridge).
5.2.1 Temperature optimization
The temperature optimization for LAMP was performed at 57 °C to 67 °C
for 60 minutes. The amplification products were analyzed by using 2% agarose gel
electrophoresis in 0.5X TAE buffer at 100 volts.
5.2.2 Concentration of MgSO,
The suitable concentrations of MgSO, for LAMP amplifications was
performed at 4.0 mM,4.4 mM, 4.8 mM, 5.2 mM, 5.6 mM, 6.0 mM, 6.4 mM and 6.8 mM.
The amplification products were analyzed by using 2% agarose gel electrophoresis in
0.5X TAE buffer at 100 volts.
5.2.3 Concentration of dNTPs
The suitable concentration of dNTPs for LAMP amplifications was
performed at 0.8 mM,1.0 mM, 1.2 mM, 1.4 mM, 1.6 mM, 1.8 mM, 2.0 mM and 2.2 mM.
The amplification products were analyzed by using 2% agarose gel electrophoresis in

0.5X TAE buffer at 100 volts.

6. Lateral Flow Dipstick assay (LFD)

The specific 5" -Fluorescein isothiocyanate (FITC DNA probe will be designed
between CHIKVE1-F and CHIKVE1-R regions based on the chikungunya virus envelope
glycoprotein 1 (E1) gene retrieved from the NCBI database (GenBank, accession

number AB857841.1) and will be synthesized by Bio Basic, Canada.
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6.1 PCR-LFD
After the PCR assay, the DNA hybridization was performed by the addition
of a 1 yL FITC-DNA probe into a microcentrifuge tube containing 9 uL of biotin-labeled
PCR products. Then, the reaction was incubated at 56 °C for 10 minutes prior to the
addition of 100 uL of the assay buffer. Then, the LFD strips (Milenia Biotec, Germany)
were placed into the hybridization mixture and left for another 5-10 minutes until the
liquid reaches the top of the membrane. Finally, the reaction was terminated by dipping
the strip into distilled water for a few minutes.
6.2 LAMP-LFD
After the LAMP assay, the DNA hybridization was performed by the addition
of a 1 uL FITC-DNA probe into a microcentrifuge tube containing 9 pL of biotin-labeled
LAMP products. Then, the reaction was incubated at 63 °C for 10 minutes before adding
100 pL of the assay buffer. Then, the LFD strips (Milenia Biotec, Germany) were placed
into the hybridization mixture and left for another 5-10 minutes until the liquid reaches
the top of the membrane. Finally, the reaction was terminated by dipping the strip into
distilled water for a few minutes.
6.2.1 Optimization of FITC-DNA probe

The optimized concentration of the FITC-DNA probe was determined at

10, 1, and 0.1 uM by following the protocol described in Materials and Methods 5.1.

7. Analytical sensitivity test (Limit of Detection, LOD)

The analytical sensitivity test of LAMP was performed by using a 10-fold serial
dilution of genomic DNA of chikungunya virus (dilution from 10"-10™%). The LAMP
products from various cDNA concentrations were further analyzed by LFD in

comparison to 2.0 % agarose gel electrophoresis.

8. Analytical specificity test
The analytical specificity test of LAMP assay for detection of chikungunya virus
was investigated against Dengue virus serotype 1-4, Zika virus, Influenza virus, Hepatitis

C virus (HCV) and Staphylococcus aureus tested FITC-DNA probe. The LAMP products
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from various microorganisms were further analyzed by LFD in comparison to 2.0 %

agarose gel electrophoresis.



CHAPTER IV
RESULTS

1. Optimization of PCR and LAMP of E1 gene
1.1 PCR amplification
Optimization of PCR of envelope glycoprotein E 1 gene, when the PCR was
carried out at 50 °C to 60 °C and the concentration of MgCl, was varied from 1.0 mM to
4.0 mM, the appropriated temperature and final concentration of MgCl, were 56 °C and
2.0 mM, respectively (Figure 9 and 10). The condition was used for all PCR tests in this

study.

Figure 9 Optimized temperature analyzed. Lane M represents a 100 bp DNA ladder.
Lane 1-8 represents different temperatures were 60 °C, 59.4 °C, 58.3 °C, 56.3 °C, 53.9

°C, 52 °C, 50.7 °C, and 50 °C, respectively and Lane N represents the negative control.
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Figure 9 Optimized concentration of MgCl, analyzed. Lane M represents 100 bp DNA
ladder. Lane 1-7 represents different concentration of MgCl, at 1.0 mM, 1.5 mM, 2.0
mM, 2.5 mM, 3.0 mM, 3.5 mM and 4.0 mM, respectively. Lane N represents the negative

control.

1.2 LAMP amplification

The optimized temperature and final concentration of MgSO, and dNTPs for
the E1 gene were 63 °C, 5.6 mM, and 1.4 mM, respectively (Figures 11-13). In this

study, the condition was used for all LAMP tests.
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Figure 10 Optimized temperature analyzed. Lane M represents a 100 bp DNA ladder.
Lane 1-10 represents different temperatures were 57 °C, 57.6 °C, 58.5 °C, 59.6 °C, 61
°C, 62.7 °C, 64.1 °C, 65.2 °C, 66.7 °C, and 67 °C, respectively and Lane N represents

the negative control.

Figure 11 Optimized concentration of MgSO, analyzed. Lane M represents 100 bp DNA
ladder. Lane 1-7 represents different concentration of MgSO, at 4.0 mM, 4.4 mM, 4.8
mM, 5.2 mM, 5.6 mM, 6.0 mM, and 6.4 mM, respectively. Lane N represents negative

control.



24

Figure 12 Optimized concentration of dNTPs analyzed. Lane M represents a 100 bp
DNA ladder. Lane 1-7 represents different concentrations of dNTPs at 0.8 mM, 1.0 mM,
1.2 mM, 1.4 mM, 1.6 mM, 1.8 mM, and 2.0 mM, respectively. Lane N represents the

negative control.

1.3 The limit of detection (LOD) and specificity of PCR and LAMP assays of
CHIKV

Optimized conditions described above was used to examine the LOD and
specificity of CHIKV. The LOD of PCR and LAMP assays were 0.9 ng/uL. According to
specificity test, the LAMP assay showed no cross reaction against other treated virus
and bacteria include Dengue virus type 1-4, Zika virus, Influenza virus, Hepatitis C virus
and S. aureus while PCR was positive to Dengue virus type 1 and S. aureus. (Figure 14

and 15)
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100bp DNA marker

M:
1 :DNA 90 ng/ul
2 :DNA9ng/ul
3 :DNA 0.9 ng/ul
4 :
5
6
7
8
N

DNA 90 pg/ul

: DNA 9 pg/ul

: DNA 0.9 pg/ul

: DNA 90 fg/ul

: DNA 9 fg/ul

: Negative control

: 100bp DNA marker
: DNA 100 ng/ul

: DNA 10 ng/ul

: DNA 1 ng/ul

: DNA 100 pg/ul

: DNA 10 pg/ul

: DNA 1 pg/ul

: DNA 100 fg/ul

: DNA 10 fg/ul

: Negative control

Figure 13 The LOD of PCR and LAMP assays. Lane M represents a 100 bp DNA ladder.

(PCR) Lane 1-8 represents amplification product of DNA concentrations at 90 ng/uL, 9.0

ng/uL, 0.9 ng/pL, 90 pg/uL, 9.0 pg/uL, 0.9 pg/uL, 90.0 fg/uL and 9.0 fg/uL, respectively.

(LAMP) Lane 1-8 represents the amplification product of DNA concentrations at 100.0

ng/uL, 10.0 ng/uL, 1.0 ng/pL, 100.0 pg/pL, 10.0 pg/uL, 1.0 pg/uL, 100.0 fg/pL and 10.0

fg/uL, respectively. Lane N represents the negative control.
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PCR

M : 100bp DNA marker
1 : Chikungunya virus
2 :Dengue virus serotype 1
3 : Dengue virus serotype 2
4 : Dengue virus serotype 3
5 :Dengue virus serotype 4

LAMP 6 :Zika virus
7 :Influenza virus
8 : Hepatitis C virus (HCV)
9 :Staphylococcus aureus
N : Negative control

Figure 14 Specificity test of PCR and LAMP assays. Lane M represents a 100 bp DNA
ladder. Lane 1-9 represents Chikungunya virus, Dengue virus serotype 1-4, Zika virus,
Influenza virus, Hepatitis C virus, and S. aureus respectively. Lane N represents the

negative control.

2. Lateral Flow Dipstick (LFD) detection

2.1 Optimization of DNA probe concentration
The optimization of DNA probe concentration of PCR and LAMP assays was

1 uM(Figure 16).
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PCR LAMP
1 2 3 1 2 3
Control line =) — = - i il I
Test line  —) - : #l

Figure 15 Optimization of DNA probe of PCR and LAMP assays. Strips 1-3 represents
DNA probe concentration 10 uM, 1 uM, and 0.1 M respectively.

2.2 The limit of detection and specificity of PCR-LFD and LAMP-LFD
The LOD of PCR-LFD and LAMP-LFD assays were 0.9 ng/pL and 1 pg/pL,
respectively. Specificity test, both assays showed no cross-reaction against other
treated viruses and bacteria include Dengue virus serotypes 1-4, Zika virus, Influenza

virus, Hepatitis C virus, and S. aureus. (Figures 17 and 18)
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: DNA 90 ng/ul

: DNA 9 ng/ul

: DNA 0.9 ng/ul

: DNA 90 pg/ul

: DNA 9 pg/ul

: DNA 0.9 pg/ul

: DNA 90 fg/ul

: DNA 9 fg/ul

: Negative control

: DNA 100 ng/ul

: DNA 10 ng/ul
:DNA 1 ng/ul

: DNA 100 pg/ul

: DNA 10 pg/ul
:DNA 1 pg/ul

: DNA 100 fg/ul

: DNA 10 fg/ul

: Negative control

Figure 16 The LOD of PCR-LFD and LAMP-LFD assays. (PCR-LFD) Strips 1-8 represents

amplification product of DNA concentrations at 90.0 ng/pL, 9.0 ng/pL, 0.9 ng/uL, 90.0

pg/pL, 9.0 pg/uL, 0.9 pg/uL, 90.0 fg/uL, and 9.0 fg/uL, respectively. (LAMP-LFD) Strips

1-8 represents amplification product of DNA concentrations at 100.0 ng/uL, 10.0 ng/uL,

1.0 ng/uL, 100.0 pg/pL, 10.0 pg/uL, 1.0 pg/pL, 100.0 fg/pl and 10.0 fg/uL, respectively.

Lane N represents the negative control.
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: Chikungunya virus

: Dengue virus serotype 1
: Dengue virus serotype 2
: Dengue virus serotype 3
: Dengue virus serotype 4
: Zika virus

: Influenza virus

: Hepatitis C virus (HCV)

: Staphylococcus aureus

: Negative control

Figure 17 Specificity test of PCR-LFD and LAMP-LFD assays. Strips 1-9 represents

Chikungunya virus, Dengue virus serotypes 1-4, Zika virus, Influenza virus, Hepatitis C

virus and S. aureus respectively. Lane N represents the negative control.



CHAPTER V
DISCUSSION

Chikungunya is a mosquito-borne disease that is the leading cause of severe
joint pain in humans, these symptoms often affect the patient's daily life and last for a

. . 39
long time, which has long-term consequences< :

. Chikungunya spreads globally,
especially in the tropical areas, including Thailand, where more than 100,000 new cases
are reported each year. The diagnostic of CHIKV based on laboratory can be used viral
culture, serological test, and molecular technique. However, the gold standard method
for lab-based diagnosis of CHIKV is the RT-PCR assay"“”.

In the last decade, nucleic acid-based amplification methods have been
established for the detection of mosquito-borne diseases, including real-time PCR,

41-43

conventional PCR and LAMP“"™*?. Although the real-time PCR and conventional PCR
have high sensitivity and specificity, these assays have several limitations due to them
require expensive tools, high cost, and time-consuming. The LAMP assay does not
require expensive and complicated facilities. Hence, it is suitable for use as a rapid
screening test for CHIKV at the outbreak areas as well as beneficial for prevention and
control planning of the virus.

Herein, the RT-LAMP was developed for the detection of CHIKV by using
specific primers and probes. The envelope glycoprotein 1 (E1) gene was selected as

(44, 45

the DNA target sequence for all primer designs in this study " The glycoprotein
E1gene is widely used as the primer design template for CHIKV due to the E1 region
can be cover three different genotypes of CHIKV. Besides, the probe was also designed
from the E1 gene to enhance the specificity of CHIKV detection. The RT-LAMP assay
was easily performed at the temperature of 63°C using a heating box before detection
on the LFD. The overall process was rapid when compared to the RT- PCR technique,
as it can be achieved within approximately 60-80 minutes (Table 1).

The results showed that in the analytical sensitivity test, the RT-LAMP-LFD and
RT-LAMP- AGE could detect DNA of CHIKV as less as 1.0 pg/uL, which was 1000 times

more sensitive than the RT-PCR-LFD and RT-PCR- AGE (0.9 ng/uL). Previously, the RT-
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46
“®) and

LAMP was shown to be more sensitive than RT-PCR for diagnosis of Zika virus
Senecavirus A“".

According to analytical specificity test, the RT-LAMP-LFD, RT-LAMP- AGE, and
RT-PCR-LFD assay showed no cross-reactions against other strains including Dengue
virus type 1-4, Zika virus, Influenza virus, Hepatitis C virus, and S. aureus, respectively
whereas RT-PCR-AGE was positive to Dengue virus type 1 and S. aureus. (Table 1).
This indicates that a DNA probe designed specifically for the CHIKV E1 gene reduces
the incidence of cross-reaction. As a result, no cross-reactions were found in all the LFD
assays.

In conclusion, the RT-LAMP-LFD techniques have high sensitivity and specificity.
In addition, RT-LAMP-LFD was promising for further routine usage as an on-site simple
and rapid test due to its strongest benefits on the utilization of a single temperature, less
time-consuming, compromising cost, less equipment for operation, and the proper on-

site inspection. As stated by all the previous reasons, the RT-LAMP-LFD is very useful

for the improvement of infection-controlling to reduce the spread of the disease.

Table 1 Comparison of methods.

Method LOD Specificity Time (Hr.)
RT-PCR-AGE 0.9 ng/pL Cross-hybridization 2.5-3
RT-PCR-LFD 0.9 ng/pL No cross-hybridization 2
RT-LAMP-AGE 1.0 pg/pL No cross-hybridization 1.5-2

RT-LAMP-LFD 1.0 pg/uL No cross-hybridization 1-1.5




APPENDIX

Materials

100 bp DNA ladder marker

100 bp DNA ladder marker plus
Agarose

Betaine

Bst DNA polymerase
Deoxynucleotide triphosphate (dNTP)
Ethylenediarrinetetraacetic acid (EDTA)
Glacial acetic acid

Hydrochloric (HCI)

LFD strip kit

Magnesium chloride (MgCl,)
Magnesium sulfate (MgSO,)

Nucleic acid extractions reagents
Sodium chloride (NaCl)

Reverse Transcriptase kit

Taqg DNA polymerase

Tris-HCI

32

Biolabs

Biolabs

Vivantis

Sigma

Biolabs

Biolabs

Bio Basic Canada Inc.
Bio Basic Canada Inc.
Mark

Milenia biotec
Vivantis

Biolabs

Precision System Science
Vivantis

Invitrogen

Invitrogen®

Amaesco®
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1. Buffer preparation

1.1 50X Tris Acetate EDTA (TAE) buffer (pH 8.5) 1 liter

Tris 242 g
Glacial acetic acid 57.1 mL
0.5M EDTA pH 8 100 mL

Dissolve the following reagents in approximately 700 ml of distilled water. Then the
solution is adjusted to pH 8.5 with the addition of HCI, bringing final volume to 1 liter,
autoclave or sterilize by filtration.
1.2 0.5X Tris Acetate EDTA (TAE) buffer (pH 8.5) 1 liter
50X TAE 10 mL
dH,O 990 mL

The 0.5X TAE buffer was prepared by adding 0.1 volume of 50X TAE buffer to 9.9

volume of sterilized distilled water

Table 2 Patent of primer and DNA probe for detection of CHIKV

No. Patent Status

Primers set and DNA probe for

detection of Chikungunya virus using Patent submission number:
Loop-mediated isothermal amplification 2003000918

assay combined with lateral flow

dipstick.




MF-04-version-2.0
Fuil 18 nn. 61

wihilagudunisuniiunisiuses
o av do .
AnEnTIINIIsaTHdmivR v Iulasan e i luinywd
unAnendvaTuaiunsilin

X . - o - 3 oo o
(enmsiimousnstanznssunississsudmiuioulasimsiduiilunged WReTanTasams3d)

Felasemsidy : maanyemessuRBuLUULaUTunTnTIIdR A AU
Fowwilannidy  :mannsd aslngu funidd
.

wmirsnuiudiia : AELWILMART
MalasimIiny : SWUEC-450/2563X

Tasam¥3duiliBuTasamsaSeilirthoeniiu (Research with Exemption from SWUEC)

Lo | -
untuiiu : 26 pAIAY 2563
A /
- - e o -
Fuiulag : AusnTRIMIRiesTIEMivRTIsnIAsIm I deTvinlunged

unTingndueiuniumsilin

puznsaunTsRLsTRIdmIURTsUTARmM s ideiviluuyed aminnduaiustunsilin Audums
FusmTasamideannuuamamdnaiessun1siseluauilifiuaina 1#un Declaration of Helsinki, the
Belmont Report, CIOMS Guidelines uaz the Intemational Conference on Harmonization in Good Clinical
Practice (ICH-GCP)

2onl¥  fufl 18 unvem 2564

N
/] =
mdn! (m‘ﬂﬂ)
(rwmarnmd ar. fusuvmindiun Beudage) (wdndaging Ansgarin)
MITUMIWALAYTYMIAUENTTININIETTH VIS8 WANENTINNTIUSTIN

dmiuRvnnnTasemaaduiihluingd dmiufennniasimaideivilungyd

winuaviuios : SWUEC/X-450/2563

34



Human Research Ethics Committee, Faculty of Medicine Ramathibodi Hospital, Mahidol University
270 Rama 6 Rd. Phayatal Ratchathewi Bangkok 10400 Tel.(660)2012175, 2011544, 2010388
Website: hitps://med.mahidol.ac.th/research/ethics
E-mall: raec.mahidot@gmall.com

COA, MURA2021/105

Title of Project (English) Development of DNA-Lateral flow Strip Test for Detection of

Chikungunya Virus

Title of Project (Thai) mw‘(mmuﬂmaouﬁl'a‘utauuuunu'lunmsm%abi’aiququm
Type of Review Exemption from regular review

Principal Investigator Kosum Chansiri, Ph.D.

Official Address Faculty of Medicine, Srinakharinwirot university
Co-investigator (s) 1. Ngamnete Phongpratheepchai

2. Supatra Areekit, Ph.D.

3. Ekawat Pasomsub, Ph.D.

4. Treewat Watthanachokchai
5. Kingkan Rakmanee

Approval includes 1. Submission Form Protocol Version 2 Date 27/02/2021
2. Certificate in Ethics Training
Institutional Review Boards in Mahidol University are in full compliance with Intemational Guidelines

for Human Research Protection such as Declaration of Helsinki, The Belmont Report, CIOMS Guidelines and the
International Conference on Harmonization in Good Clinical Practice (ICH-GCP)

Date of Approval February 08, 2021
Date of Expiration February 07, 2022
Signature of Chair.

(Asst. Prof. Chusak Okascharoen, M.D., Ph.D.)

This certificate Is subject to the following conditlons;
1) Approval is granted only for the project with detalls described In submitted proposal
2) Submission of modification to the approved project Is needed before Impl tation
3) A yearly progress report Is required for renewlng of approval
4) Written notification Is required when the project Is complete or terminated

35



ll\Tnmﬁi": Jnnezuanaam Fuil...

1445,
runfoi 3. 0L0..2004. om 10200

funfail2 101

Iv T % A unfail 3 nn
| dded 9o

pwld 2 ne_ AL Buall ANELINuAIAn.......

ns. 02-6495369 02-649500 Ao 4603
7w 81@%.0'\0?
fuil 12 nsnstiewl 1504
@0 wedvfomnadunildfmotneingiien1i3du (Material Transfer Agreement: MTA)

Gou  59ANUARIEINY ANLLIMUAARTTSINUAUIDIWNBUR i inuduniing

ddunda 1. Soanasmilifethedanm (MTA) 1 adu
2. WUUNBUNIABUTIWMSIONATSUTENBUNSRANTN dnu 1 atu
3. Tnseinidu/wuuausiniansisy (Proposal/Protocol) w1 aly
4. drwmilideiusonivsssunisiduluau 1w 1 ady

MN...NIATYINUITINUIARTN ALEUNNOAIAATTTINEIUIATWNBUA.......... dafn.........
uinedoing....... e, Jilumiddn... ulasimsivedes *.mimunyanaseviiduouuuuoy
Tunuanedolafadququon....... * Tnula3unuatiuayunisiduen....... yu Basic Research
Fund (Blue Sky) Uszdntautszanw 2564............ W

Tun1sil Ssvadaduanarstonnas Material Transfer Agreement (MTA) 1189504
b s

EX e A - v v o . -

anviduidumoiinsuntenruuatbigiidneaauuwnuluienarsienna (MTA) fanaia f
- v X
enarsfidnnAIuil

A - a - .
Jadvunielusafasauadniiunianely

( )
mManssd aslngy Sunsd
Wanilasanisidy
=
~
( )

urndndaduning miuiygvard
swihmaiuniiel



; et

o« = A4 - o . - v - ]
tonnasiiiuiesnwianslufedisdanmvesumiinrdouine @sdeluly
o o & - . ave i - %- o " 3
vuvinvannaiu sun7 EQH“1 ) ﬂ'umua lUUUﬂuQ#I“W')eU"Q%?n'\Wun ........ AllE

-~ v o a ' o A & ' = =
wmpmans aninundoriuaiunsitsa.... @uislvluluiindonnasil Gondn “g3u”) Sndhevt
- o ~
Fovowjsudiing:

L.many3d aslngu dunifs
P - I3 - - o -

fiag : mAIvtunadl Anzunnemans iminerdurduaiunsilia 114 guaan 23 uen
ARDANUIMITD LUMIAN NJAVMIVIUAT 10110

- Yo -
ﬁﬂﬁa@a“ﬂ“'\'ﬂi'}ﬂq:

1. ..219758 Aslendani wamind

d a ua oo - - -

fiag : vewjiinshiaing maivmedinendin auzunemaniliwena
FWBUR IMTINATLTARA 270 NUUWSEIIY 6 WENVINGILY LURSITYE NN 10400
v o v - o o
wmadndinvminminili Ae...Aegnasiusnisy Yz RNA

z " o o il
wasadhuldinfuiintornasiuluGearareluil

1. Medrfanmdunindduveaiamiaing usiivafides uarlivssTonliions
- 4 & - o ™ o P v
AnyTisuwiniu giuringesliiiavslan lusetndnmuenwilesiniindvalilutonnasi
JI - ' o & o - Il vﬂ -
n3suanslumetnBinmiiatuainniswasuulasuileirednfannuasswldnniatuy
LinmaiaretndainmluneliiiauselonluiBawdivg Wieelnonmsmialnonisdan Tins
- v & I3 ‘o
amﬂ'ltmmswwmnaanumun'ﬂmﬂumsu YNU!IUDQT\U
o v oo - 4 k4
n) msatuayuiiinauAnaitsassdlumaasundas uiludu uas

.
v o o

) npmnossdvuuastaimun AlETRuTVINASud
2. f3uiainqeslésaatianmitouslonllumenisdunt 330 auitsaludionnaeil
Vo ‘e v oo ' V- ¢ -
winfu wazezhihldifevssloniludmded wio AliRuidinemaninmams wie
it . - v R v o FORP
sygntrelugyaraiam udeuihldiuoygymengdamiringiudems

3. ffudaingezhivhedisiinm wasvdedeyammiduiiiiadotusetdannluly
awu o v e 2N Ve a 1
Tu msfuat Jeadunishiidine mseyyirlimizsnumeusnlidng viemidreloudoya
o v . - v ~ e v o . v
msdwintioyn 1heanwinUmuetoyaludwynnady Tnokildsuaygalivanednunisnysangdam

ring

37



4. unsthwoms3duludRuimundluienaraviedoln 0 §iudringnnnsduserusy
dunenasuaruiiniliiuidamiaiagynady dasdessenousouamsiduiildvinmsly
mawsuua uily Mg Inglidlaomanswomation

fiuaingezfesacdomnililufndnsnsznmielidssdgiamdatngluguzantu
Wvesiedwiinm lunnEfmiuanwidodngn

- “ W . . -y
5. iileafawieieingiinmidudsiildunginnimaneseguilavanm Seliorsiinng

guduuazmsivdseiilag 16 Lidlasdaudivielaoyions  hilinnssuuseiudedradingdanan
[~ NN Yy | . ' - - O -
Fandnitonsdmming wiademilammildasiane visdenslifagianmilumemsasidia
. - o a L 4 . o & I

faAndUns Audvid wismeniA viednsluninddunilygila q visdu Liiwomglag
- v o uoa ada & v .o T -
fnw  gdamingBanmerhiinuivislurnudonieiinatuainnisiiiduiniu - wasvaniing
v e aa £ Ve o - o "\ v v = -
Tiuddvdiiiaty Guiaginmanasdusaimzivinuounedinmingianm lunmsuntaadmm
. v v - v - - - -
Andemolivusinanugads madunies Arundowie Arwsuaala q Forwifiatusinnash
o - w » ” v e Y e v -
givingBnmuiogniaviadunu 19 uinwaraededuingiinimiu wie Asgnuanad

- - v ' v e
awdonioamionesias Guudarugyds aaudowie wisaruivis tudusalasasion
e o ™ " z
mmsEmidude wiamsnseyhErnguuneuaagianida inguuie

6. SomnaviinzAugaasilo
n) dosmAduiideslimetnianmiuanadn wio
%) donsurimun 30 Futuuliiumisdevasnmeindnihovils vie
m)  Fuitdmusliuiueu Tunsdldwieluil
1) windionnasildugans aude 6 (n) uax 6 (v) §iuingianmesiasginisld
ietdaing uazenimuddwedamdaing vioedsdu wiovhawddiwasuwa uily
wioganawioagiowam uaz
2) Wnsdgiamingianmidudiovenidn s 4o 6() Wedassilinsdnsin
dynr  wienidssiemsiindunswsioquamuasian  iladiuingianmissvadiaviing
Fammrvnussznaesmiugedygseniuin 1 1 ielirAdulddudegaaly
doviuiinfonnasiiFugaamioilelifunsione §iuiaingevsadilifegneiaingil
dnAelU wazazhmuddvesdiam¥aing wieszdsfiu winvia fresredaingiidenamiony
AmMATEUATEY TIUrANL viavhatw duun fedn uargusiaastesiaingiu uarli
fusownfianiathdnmiuilidimahasddindnrrimiuiuideuiesus unmes

38



v

uninemand giam

Ao bop3oent QiR nshg

unIerans 4y

ﬁvi%ﬁ

(819150 Asiendiand wauming)
MATYY/MUILN.., WD INBIABUN. ..veooneonee...
AT, WMUERT  T5INUIUIRTNBUR..........

ITINUIALURAA

- -~
aniu giam

asio

(mans19158 aslngy Sumids)
F LT L VATV TR LTI o .

AL, UNNUAERT

N IMEAEAS UASUNSI LS

anwiu giu

L

ﬂd%ﬂ

"W

(Mans19130 Wnwmiygds ssRTRLNR)
-y = - vn Yoo
9IANUAdEI Ufusimiunu
ANUAAMEUNNEAENTISINOIUATNBUA
UMINUIELUARA

Hi 15 NA 234

(5939PNaAT19150 A3.auYw duRinung)

M IUAIUINEALASuATIMS ISR

it E R 1544

39



40

Sutfairnonan 4 Anvey 2560 wuu M/ aweml/001-n

w1 vesday 3mn

fudnhi
o

Juniudve  04/08/2564 iATTe

Juiusken  04/08/2564

@y Hydnwaidwunmavseiuisewinizvn
Aaiuindiny/eyinilins
Tuuuustaius

[ mousedng Useinmubaior
[ nennuuusdndiusi Fudsemnluvan wuiiEmAlisan
|/] euntdas

> v - . - - X

Fmihdmmoiiodeludveiuariiny/eyndinal Tunan@Bua/oydvias o RAYEURs/mES Al
voiuiiviins/oyRniuns mMuwizTelygRAnBURT w.A.2522
wiluiuinlrenssrwlygiansinieiui 2) w.a.2535 I

ungyrnmiydRanETa (il 3) na.2542
1. ToviusasfinializAsi/mIeonuuundndus  wlnTweT (primenuas MnTadu (DNA probe) dmiuntaslaiadunuen (Chikunzunya virus) muUiiegU-wanenian

Toluwemoauonanedi wie wnhnaniumiliar s isuusoud
2. fwaduividninseanuuuadafusitduiwedmivebasuiod sin e dudeediuit

T Fmen Fdulurs TG
3. guadudisvay/m@nsdan [[] yansorsuar [] Gayeen 7] wiweudy [ wo® [ duq 3.1 &ywa Iy
Fo 1V MEAURILUATIS TR 3.2 Tyt 0816327591
Foy 118wyl anugnomaaimediug a3 sy min 23 ouw marin 23 33 Tmam
Fava/uns FRBREMa Snnwn A damia MuMLIURT avialusweds 10110 yszine o

Sum ipswuoffice@gmall.com
O wevreswinhemnu [ wenedouldysan (7] wetsedidagidonsong I 0 I 9 I 9 I a4 | 0 I 0 IO I 1 I 5 l 8 I 1 l B8 I 1 I Du‘imiu (Wauuy)

lunsdfinaua domaifuving vhusenanlima ] Buindvn [7] fumiunu

a. fvvslumrvaiudvatny/eydnsing
[ fservizfonnuvy [7] @ulou [ fuoivanslnomgou
5. Waunu (§rdl) A 5.1 faumuayh 2454
3o unam dum 3338mn 5.2 nakmi 081-£327591
oy 116 HTINENATURTUNI T YDUYLIN 23 Puugyein 5.3 Iy
daua/ums PABIALIMTD Frun/iva W i MAMTLVTUA awinluswdd 10110 yseinn
Fam
wemdmvsenwu [ 3 [ 2] 2[o [t Jofo2]ofo]o]:]7] [ v (o)

6. uszAvi/gonnuuusdning [[] Touneiiogidmiuiugee
3o unam Inqu funsAd
ftog 118 nmivinduaTuATmyTln sau quiin 23 ouu qpan 23

Muazuyss P anumids funoave A ¥ MIYMTLNY aluswdli 10110 gz Ino
Bun
wotsedwiahenmu | 3 [0 [oJofeJof2]2]2]e]7[6]1] 7] e ()

7. fwniudvEvn/eyRvitnstuenemdeiuosiud e
Gunfudviva/oyivitas volitnhlatusueTudvitna/oydniuas lulufniuinivdnsing
- ) - - - I - - - - -
i Yubu wmedteiudviiay/eydvivnriuenvimdeimtesiudvodam e
[ Frededimsiszavguauatine. [] gninfudosindealifiand [ wowauuuiassunnuesins
yanuom Tun@flimemuesunlinauiou ilwhduonamaanhundantlresyanueudfius Wil uedon

]
[ ndesmanam [ ndauntt FvETminmivensuy ngfnin
FnddnInisUszAng Gmns) FvdUmsmaiaeivg (indvala) [J #»3vasnmusnuwu (eenuuunndosi 1) [ eyviams Geanasw
FddminmivaeAvg (i) AnBUmmavheiug and) AvdUmsnmeensuy (eenuuunialion 2) [ eyvdiis ()
nBUminvsefng Gdnd) A Umnmavaiug (malulalfanm) AvBUasmmsenuuy (eensuuniafi 3)

AvEmnmiefug (ndniusd)




7‘

&

/ 47th International Congress on Science, Technology and
‘ Technology-based Innovation (STT47)

4

ST‘I’ 47 I KU _ - 5=7 é@',qlze_f 2021 ) ’
; Wuttichai Kapikran Buikding, Facully of Liberal Arts and Science, Kasetsart University, Kamphaeng Saen Campus.
Nakhon Pathom, Thalland '

To whom it may concern

This is to certify that Ngamnete Phongpratheepchai

from Srinakharinwirot University

attended and presented their work at the 47% Congress on Science, Technology and
Technology-based Innovation.

Presentation Title: DETECTION OF CHIKUNGUNYA VIRUS USING REVERSE
TRANSCRIPTION-PCR ASSAY COMBINED WITH LATERAL FLOW
DIPSTICK

( Oral Presentation )

The 47" Congress on Science, Technology and Technology-based Innovation (STT47)
is jointly organized by the Science Society of Thailand under the Patronage of His
Majesty the King, under the theme “Sciences for SDGs: Challenges and Solutions” at
Kasetsart University, Kamphangsaen Campus, Nakon Pathom, during 5-7 October,
2021.

Soekich= Nyompummii bl
Professor Somkiat Ngamprasertsith, Ph.D.

Chairperson STT47

AnmarrynTs. masmrmaRisiEnanu aushunteas pranIahsinei mamyin 10330
Cecratariat Office. Science Society of Thailand under the Patronage of His Majesty the King
Faculty of Soence, Chulalongkam University, Phya Thal Rd., Bangkox 10330, Thalland.
Tel 02-252-7987, 0-2216-5245 Fax. 0-2252-4516



REFERENCES

1. Intayot P, Phumee A, Boonserm R, Sor-Suwan S, Buathong R, Wacharapluesadee
S, et al. Genetic Characterization of Chikungunya Virus in Field-Caught Aedes aegypiti
Mosquitoes Collected during the Recent Outbreaks in 2019, Thailand. Pathogens.
2019;8(3).

2. Pathak H, Mohan MC, Ravindran V. Chikungunya arthritis. Clin Med (Lond).
2019;19(5):381-5.

3. Diop D. Chikungunya Outbreaks from 2000 to 2015: A Review. MOJ Public Health.
2015;2(6).
4, Thavara U, Tawatsin A, Pengsakul T, Bhakdeenuan P, Chanama S, Anantapreecha

S, et al. Outbreak of chikungunya fever in Thailand and virus detection in field population
of vector mosquitoes, Aedes aegypti (L.) and Aedes albopictus Skuse (Diptera: Culicidae).
Southeast Asian J Trop Med Public Health. 2009;40(5):951-62.

5. The data of reported cases of chikungunya fever in Thailand between January 1,
2020, and August 25, 2020 [Internet]. 2020 [cited 2020 Aug 30]. Available from:

https://ddc.moph.go.th/dvb/news.php?news=270&deptcode=dvb.

6. Powell JR. Mosquito-Borne Human Viral Diseases: Why Aedes aegypti? Am J Trop
Med Hyg. 2018;98(6):1563-5.

7. Horwood PF, Buchy P. Chikungunya. Rev Sci Tech. 2015;34(2):479-89.

8. Haese NN, Broeckel RM, Hawman DW, Heise MT, Morrison TE, Streblow DN.
Animal Models of Chikungunya Virus Infection and Disease. J Infect Dis. 2016;214(suppl
5):5482-s7.

9. Natrajan MS, Rojas A, Waggoner JJ. Beyond Fever and Pain: Diagnostic Methods
for Chikungunya Virus. J Clin Microbiol. 2019;57(6).

10. Runowska M, Majewski D, Niklas K, Puszczewicz M. Chikungunya virus: a
rheumatologist's perspective. Clin Exp Rheumatol. 2018;36(3):494-501.

11. Metz SW, Pijiman GP. Function of Chikungunya Virus Structural Proteins.
Chikungunya Virus2016. p. 63-74.


https://ddc.moph.go.th/dvb/news.php?news=270&deptcode=dvb

43

12. Abdelnabi R, Neyts J, Delang L. Chikungunya virus infections: time to act, time to
treat. Curr Opin Virol. 2017;24:25-30.

13. Silva LA, Dermody TS. Chikungunya virus: epidemiology, replication, disease
mechanisms, and prospective intervention strategies. J Clin Invest. 2017;127(3):737-49.
14, Adekunle Sanyaolu, Chuku Okorie, Olanrewaju Badaru, Emily Wynveen, Shawn
White, William Wallace, et al. Chikungunya Epidemiology: A Global Perspective. SM J
Public Health Epidemiol. 2016;2(2):1028.

15. Madariaga M, Ticona E, Resurrecion C. Chikungunya: bending over the Americas
and the rest of the world. Braz J Infect Dis. 2016;20(1):91-8.

16. Muhammad Muzammal, Safeena Sadig, Muhammad Zeeshan Ali, Safeer Ahmad,
Inayat Ullah, Saima Mashal, et al. Chikungunya virus: An emerging Arbovirus.
2019;6(6):116-9.

17. Ganesan VK, Duan B, Reid SP. Chikungunya Virus: Pathophysiology, Mechanism,
and Modeling. Viruses. 2017;9(12).

18. Weaver SC, Chen R, Diallo M. Chikungunya Virus: Role of Vectors in Emergence
from Enzootic Cycles. Annu Rev Entomol. 2020;65:313-32.

19. World Health Organization. Guidelines for Prevention and Control of Chikungunya
Fever. Commun Dis Intell 2009:9-12.

20. Cunha RVD, Trinta KS. Chikungunya virus: clinical aspects and treatment - A
Review. Mem Inst Oswaldo Cruz. 2017;112(8):523-31.

21. Bautista-Reyes E, Nufiez-Avellaneda D, Alonso-Palomares LA, Salazar MI.
Chikungunya: Molecular Aspects, Clinical Outcomes and Pathogenesis. Rev Invest Clin.
2017,;69(6):299-307.

22. Caglioti C, Lalle E, Castilletti C, Carletti F, Capobianchi MR, Bordi L. Chikungunya
virus infection: an overview. New Microbiol. 2013;36(3):211-27.

23. Epidemiology and Prevention of Chikungunya Fever in Hong Kong [Internet]. 2008
[cited 2020 Nov 12]. Available from:

https://www.chp.gov.hk/files/pdf/epidemiology and prevention of chikungunya fever in

hong kong r.pdf.



https://www.chp.gov.hk/files/pdf/epidemiology_and_prevention_of_chikungunya_fever_in_hong_kong_r.pdf
https://www.chp.gov.hk/files/pdf/epidemiology_and_prevention_of_chikungunya_fever_in_hong_kong_r.pdf

44

24, Subudhi BB, Chattopadhyay S, Mishra P, Kumar A. Current Strategies for Inhibition
of Chikungunya Infection. Viruses. 2018;10(5).

25. Simon F, Javelle E, Oliver M, Leparc-Goffart |, Marimoutou C. Chikungunya virus
infection. Curr Infect Dis Rep. 2011;13(3):218-28.

26. Chikungunya Fever [Internet]. 2019 [cited 2020 Nov 23]. Available from:

https://www.chp.gov.hk/en/healthtopics/content/24/6122.html

27. Rahman MM. Laboratory Diagnostic Options and Challenges for Chikungunya
Viruses 2018;10(1):18-24. Pulse. 2018;10

(1):18-24

28. Mardekian SK, Roberts AL. Diagnostic Options and Challenges for Dengue and
Chikungunya Viruses. Biomed Res Int. 2015;2015:834371.

29. Faggioli F, Luigi M, IN. B. Viroid Amplification Methods. Viroids and Satellites.
2017:pp.381-91.

30. 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.

31, ansimud fungny. nAlla Loop-mediated Isothermal Amplification (LAMP). 213613

TaRAINELAZNTANARNTLINITIANE, . 2554
21(3

):201-6.

32. Sahni AK, Grover N, Sharma A, Khan ID, Kishore J. Reverse transcription loop-
mediated isothermal amplification (RT-LAMP) for diagnosis of dengue. Med J Armed
Forces India. 2013;69(3):246-53.

33. Fischbach J, Xander NC, Frohme M, Glokler 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.

34. Saad NA, Zaaba SK, Zakaria ABM, Kamarudin LM, Wan K, Shariman A. Quartz

crystal microbalance for bacteria application review. 2014 2nd International Conference on


https://www.chp.gov.hk/en/healthtopics/content/24/6122.html

45

Electronic Design (ICED). 2014:455-60.

35. Mehrotra P. Biosensors and their applications - A review. J Oral Biol Craniofac Res.
2016;6(2):153-9.

36. Koczula KM, Gallotta A. Lateral flow assays. Essays Biochem. 2016;60(1):111-20.
37. Okabayashi T, Sasaki T, Masrinoul P, Chantawat N, Yoksan S, Nitatpattana N, et al.
Detection of chikungunya virus antigen by a novel rapid immunochromatographic test. J
Clin Microbiol. 2015;53(2):382-8.

38. Wang R, Ongagna-Yhombi SY, Lu Z, Centeno-Tablante E, Colt S, Cao X, et al.
Rapid Diagnostic Platform for Colorimetric Differential Detection of Dengue and
Chikungunya Viral Infections. Anal Chem. 2019;91(8):5415-23.

39. McFee RB. Selected mosquito-borne ilinesses-Chikungunya. Dis Mon.
2018;64(5):222-34.

40. Adam A, Jassoy C. Epidemiology and Laboratory Diagnostics of Dengue, Yellow
Fever, Zika, and Chikungunya Virus Infections in Africa. Pathogens. 2021;10(10):1324.
41. Rutkowski N, Dong Y, Dimopoulos G. Field-deployable molecular diagnostic
platform for arbovirus detection in Aedes aegypti. Parasit Vectors. 2020;13(1):489.

42. Artika IM, Wiyatno A, Ma'roef CN. Pathogenic viruses: Molecular detection and
characterization. Infect Genet Evol. 2020;81:104215.

43. Kumar JS, Saxena D, Parida M, Rathinam S. Evaluation of real-time reverse-
transcription loop-mediated isothermal amplification assay for clinical diagnosis of West
Nile virus in patients. Indian J Med Res. 2018;147(3):293-8.

44, Thirion L, Pezzi L, Corcostegui |, Dubot-Pérés A, Falchi A, de Lamballerie X, et al.
Development and Evaluation of a Duo Chikungunya Virus Real-Time RT-PCR Assay
Targeting Two Regions within the Genome. Viruses. 2019;11(8).

45, Telles JN, Le Roux K, Grivard P, Vernet G, Michault A. Evaluation of real-time
nucleic acid sequence-based amplification for detection of Chikungunya virus in clinical
samples. J Med Microbiol. 2009;58(Pt 9):1168-72.

46. Lin X, Wu M, Wang W, Gao Y, Zhang W, Wu D, et al. Visual detection of Zika virus

by isothermal nucleic acid amplification combined with a lateral-flow device. Analytical



46

Methods. 2019;11(13):1795-801.
47. Li J, Liang W, Xu S, Shi J, Zhou X, Liu B, et al. Rapid and sensitive detection of
Senecavirus A by reverse transcription loop-mediated isothermal amplification combined

with a lateral flow dipstick method. PLoS One. 2019;14(5):e0216245.






VITA

NAME Ngamnete Phongpratheepchai
DATE OF BIRTH 23 Dec 1997
PLACE OF BIRTH Changmai

INSTITUTIONS ATTENDED Bachelor degree of Medical Science
Huachiew Chalermprakiet University
HOME ADDRESS 15/13 Village No.4 , Lin Thin Sub-district, Thong Pha Phum

district, Kanchanaburi, 71180



	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF FIGURES
	CHAPTER I INTRODUCTION
	Background

	CHAPTER II LITERATURE REVIEW
	1. Biology
	2. Replication cycle of chikungunya virus
	3. Transmission
	3.1 Enzootic sylvatic cycle
	3.2 Urban cycle

	4. Symptoms
	4.1 Acute phase
	4.2 Chronic phase

	5. Treatments
	6. Prevention
	7. Laboratory diagnostics
	7.1 Virus Culture and Isolation
	7.2   Serological testing
	7.2.1 Enzyme-linked immunosorbent assay (ELISA)

	7.3 Molecular tests
	7.3.1 Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
	7.3.2 Loop-mediated isothermal amplification (LAMP)
	7.3.2.1 Detection of LAMP Product



	8. Biosensors
	9. Lateral Flow Dipstick (LFD)
	9.1 Sample pad
	9.2 Conjugate pad
	9.3 Reaction membrane
	9.4 Absorbent pad

	10. Detection of CHIKV
	Objectives

	CHAPTER III MATERIALS AND METHODS
	1. Sample collection
	2. RNA extraction and reverse transcription
	3. Conceptual diagram for development of detection methods for Chikungunya virus
	4. PCR amplification of Chikungunya virus based on E1 gene.
	4.1 PCR primers
	4.2 PCR optimization
	4.2.1 Temperature optimization
	4.2.2 Concentration of MgCl2


	5. LAMP amplification of Chikungunya virus based on E1 gene.
	5.1 LAMP primers
	5.2 LAMP optimization
	5.2.1 Temperature optimization
	5.2.2 Concentration of MgSO4
	5.2.3 Concentration of dNTPs


	6. Lateral Flow Dipstick assay (LFD)
	6.1 PCR-LFD
	6.2 LAMP-LFD
	6.2.1 Optimization of FITC-DNA probe


	7. Analytical sensitivity test (Limit of Detection, LOD)
	8. Analytical specificity test

	CHAPTER IV RESULTS
	1. Optimization of PCR and LAMP of E1 gene
	1.1 PCR amplification
	1.2 LAMP amplification
	1.3 The limit of detection (LOD) and specificity of PCR and LAMP assays of CHIKV

	2. Lateral Flow Dipstick (LFD) detection
	2.2 The limit of detection and specificity of PCR-LFD and LAMP-LFD


	CHAPTER V DISCUSSION
	APPENDIX
	REFERENCES
	VITA

