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Abstract

The ultimate aim of this study is to invent a ready to use immunochromatographic
test (ICT) test kit for double diagnosis of leptospirosis and Dengue fever by means of
antigen detection. The research activities on invention of ICT test kit for leptospirosis
diagnosis were carried out sequentially which included: 1) determination of suitability of
the pre-existing mouse monoclonal antibodies to Leptospira antigens (clones LD5, LE1
and LF9 from Faculty of Medicine Siriraj Hospital, Mahidol University and clones 3, 81,
and 82 from Faculty of Medicine, Chulalongkorn University), 2) development of an ICT
test kit using suitable MAb1-MAb2, MAb-PAb, or Pab-MAb format; 3) acquisition of serum
samples of patients with febrile illnesses from collection of Prof. Dr. Yupin
Suputthamongkol, Siriraj Hospital; and 4) validation of the ICT test kit which was
performed in blinded manner in comparison to the previous laboratory and clinical
diagnoses. The activity 1 was carried out by Dr. Surasak Wongrattanacheewin, Department
of Microbiology, Faculty of Medicine, Khon-Kaen University (third party). It turns out that
suitable monoclonal antibodies were from clones LD5 and LE1 (specific to pathogenic
Leptospira) from Siriraj Hospital. Therefore, the MAbLE1 was used to conjugate with the
colloidal gold particles and impregnated into the gold conjugate pad while the MAbLD5
was immobilized at the Test (T) line. Control (C) line was immobilized with goat anti-
mouse immunosglobulin. Alternatively, rabbit polyclonal immunoglobulin to pathosgenic
Leptospira was used to conjugate with the gold particles, MAbLD5 was immobilized at
the Test (T) line, and goat anti-rabbit immunoglobulin was at the Control line. Both
formats of the ICT test kit had the lowest detection limit at 0.375 pg of Leptospira whole
cell proteins/strip. They are specific only to Leptospira and did not detect antigens of 27
other bacterial species.

Sixty serum samples of patients with febrile illnesses (kept frozen) were obtained
from Prof. Dr. Yupin for use for the ICT test kit validation. They were subsequently known
after the ICT testing to be 14 sera diagnosed leptspirosis, 16 sera diagnosed scrub typhus,
and 30 sera diagnosed Dengue viral infections. All 14 sera diagnosed leptospirosis gave
positive results by the ICT test kit. Nevertheless, 11 of the 16 diagnosed scrub typhus and
3 of 30 diagnosed Dengue viral infections gave positive results by the ICT test kit. Thus,
the ICT test kit shows 100% sensitivity, 70% specificity, 77% accuracy, 0% negative

predictive value and 30% positive positive predictive value. It is noteworthy that, we



have sent the bands at the test lines of three samples diagnosed scrub typhus which
were positive by our leptospirosis ICT test kit for mass spectrometry. The results of the
mass spectrometry revealed the presence of Leptospira peptides and the absence of
scrub typhus antigen; implying that the original diagnosis was inaccurate. The second
batch of 248 serum samples was obtained from Prof. Dr. Yupin. Among them, 201
samples were positive for leptospirosis by the ICT test kit. However, we have not
obtained the diagnoses of these sera from Prof. Dr. Yupin as yet.

We have prepared ICT test kit for detection of Dengue virus antigen. The
monoclonal antibodies to Dengue virus were from Dr. Chanya Putthikhan, Siriraj Hospital.
One MADb preparation (Sl4) is a pool of 4 MAbs (2 MAbs were mouse 1gG1 and the other
two were 1gG2b) and another MAb (SI1) is IgM. We have used the MADbSI4 to conjugate
with gold particles and used the MADSI1 at the test (T) line. Goat anti-mouse
immunoglobulin were immobilized at the control (C) line. Because the supply of Dengue
virus antigens and the MAbs from Dr. Chanya was inadequate for optimization of the test

kit, we cannot accomplish the test kit invention as yet.
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Certain arthropod borne infections, e.g., Dengue fever, malaria, encephalitis,
Hanta virus infection, Rickettsial infections, have predilection for tropical areas like
Thailand due to climatic conditions that favor flourish of their vectors including
mosquitoes, mites, and ticks. Water-borne infections such as viral hepatitis, leptospirosis,
typhoid and other salmonellosis, are also common due to water contamination especially
during the monsoon floods. These life-threatening tropical diseases often have several
overlapping clinical features. Fever and thrombocytopenia are common in Dengue,
malaria and leptospirosis; coagulopathy is frequent in leptospirosis and viral hepatitis;
hepato-renal syndromes are seen in leptospirosis, falciparum malaria and scrub typhus;
pulmonary-renal syndrome is caused by falciparum malaria, leptospirosis, Hanta virus
infection, and scrub typhus; fever with altered mental status is produced by Japanese
encephalitis, cerebral malaria, typhoid encephalopathy and fulminant viral hepatitis
(Kothari et al, 2006). Therefore differential diagnoses based on the patients’
inhabitats/history and their presented clinical pictures are inaccurate.

Laboratory diagnoses of many of the above mentioned tropical infections are
made by demonstration of serum antibodies. These assays are frequently negative in the
first week of illness and have less implication in treatment indication. Patients with
individual diseases required similarly prompt treatment but different managements
and/or pharmacologic drugs. Moreover, the patients from areas where these diseases
share common endemicity may give positive results to many antibody based-assays
caused by the antibodies that sustained from previous exposures. An accurate and early
diagnosis would, not only permit the prompt initiation of proper therapy, but also avoid
harm caused by inappropriate management and treatment as well as contribute to
accurate epidemiological record which would provide correct information for rapid
measures to intervene the further transmission of the disease.

According to the round table discussion of Thai medical research scientists who
have had experiences on various attributions of tropical febrile illnesses, e.g., Dengue
fever, leptospirosis, influenza, melioidosis, scrub typhus, etc., hosted by authorities of the

Emerging Infectious Disease (EID) Program, BIOTEC, NSTDA, on October 9th, 2012, at the



NSTDA office, Yotee road, Bangkok, it was concluded that an antigen-based test kit for
triple diagnosis of leptospirosis, DF and scrub typhus, should be developed in Thailand by
using existing reagents (pathogenic isolates, their antigens and respective monoclonal and
polyclonal antibodies) in various laboratories in the country. Nevertheless, after asking
around it was found that there is a shortage of reagents for scrub typhus diagnosis and
they await subsequent production. Therefore in this research, an antigen-based test kit
based on immunochromatographic test (ICT) format for double diagnosis of leptospirosis
and Dengue fever was invented by using the reagents that were available at the time of
the project was commencment. The so-developed test kit was validated against patients’
clinical samples in comparison with patient clinical features and conventional/standard

laboratory results.

Leptospirosis

Leptospirosis is an important pyrogenic zoonosis of humans in temperate and
tropical areas including Thailand (Faine, 1982). It is considered a re-emerging infectious
disease, not only because of an increase in its incidence during the past few decades but
also the more severity of the illness. This infectious disease is caused by pathogenic
spirochetal bacteria of the genus Leptospira. Presently Leptospira bacteria are divided
according to their genetic relatedness based on 16S rRNA into three clades including:
pathogenic [L. alexanderi, L. borgpetersenii, L. alstonii (genomospecies 1), L. interrogans,
L. kirschneri, L. kmetyi, L. noguchi, L. santarosi and L. weilii], intermediately pathogenic
(L. broomii, L. fainei, L. inadai, L. licerasiae and L. wolffii) and saprophytic [L. biflexa, L.
meyeri, L. terpstrae (genomospecies 4), L. vanthielii (genomospecies 3), L. wolbachii, and
L. yanagawae (genomospecies 5)] (Levett, 2008; Cerqueira and Picardeau, 2009; Cinco,
2010; Ricaldi et al., 2012). Certain strains of the intermediately pathogenic clade, however,
shared phenotypic characteristics of saprophytic and pathogenic species (Levett, 2008).
Before 2008, some of the intermediately pathosgenic Leptospira species were either
classified as pathogenic Leptospira or they did not exist at the time (Levett, 2008).

Leptospira infection is usually associated with occupational or recreational
exposures, such as rice farming, gardening, veterinary work, abattoir work, meat inspection,
or wild water sport activities (Douglin et al., 1997). Pets, livestock and wild animals,
especially rats, are Leptospira reservoirs. Human infections occur either from direct

exposures to the infected or reservoir animals or their products (urine, dead body/carcass)



or indirectly through contact with water or damp soil contaminated with the bacteria
(Dupont et al., 1997). Leptospira gains entry into the host through wounded, abraded or
macerated skin and mucosae (oral, conjunctival and genital) (Faine, 1982). The disease
has an incubation period of 2-26 days with an average of 10 days. Symptoms and severity
of leptospirosis vary greatly from asymptomatic (only recognized retrospectively by the
presence of serum antibody to Leptospira spp.), mild, flu-like illness to fatal (ictero)
hemorrhagic form (Weil’s syndrome) with severe involvement of vital organs such as
kidney, lung and liver (Farr, 1995). Early and accurate differential diagnosis of leptospirosis
from other illnesses is necessary for prompt and proper treatment, which is life-saving for
patients especially those with severe disease. However, leptospirosis diagnosis based on
clinical pictures is inaccurate, especially in tropical countries like Thailand where other
similar acute febrile illnesses are common. Leptospirosis may be confused with rickettsial
infections including scrub typhus and murine typhus, Dengue fever, typhoid,
salmonellosis, influenza, Hanta virus infection, melioidosis, malaria, viral hepatitis, cancers,
etc. (Galton et al., 1958; Kothari et al., 2006).

Laboratory diagnosis of leptospirosis is based primarily on either culture/isolation
of the leptospires from specimen or demonstration of a rise in serum antibodies
(Gussenhoven et al., 1997). The former is laborious, expensive and may not be successful
(low sensitivity). Leptospira spp. require delicate and complex culture medium, i.e., the
medium must contain several growth-promoting substances and selected anti-microbial
agents for suppressing contaminants such as fungi or saprophytes. Leptospira spp. cell has
long doubling time (6-8 hours or longer) in the artificial medium thus taking time to obtain
the culture result. All of these limitations make Leptospira culture method too slow for
early diagnosis. Direct demonstration of the spirochetes in specimen preparations by dark-
field microscopy, direct immunofluorescence test, and immunohistochemistry were
hampered by the lack of specificity due to non-specific background (Johnson and Harris,
1967). Several antibody based-assays have been developed for detecting the rise of
serum antibodies. Among them, the microscopic agglutination test (MAT) is the World
Health Organization (WHO) referenced method with which the other developing
techniques should be compared for evaluating their diagnostic sensitivity, specificity and
accuracy. However, the MAT encounters several drawbacks which limit its wide
application in the developing parts of the world and remote areas where leptospirosis

occurs more extensively. These include the requirements of a good microbiology



laboratory and special setting for maintaining a broad range of pathogenic and non-
pathogenic Leptospira serovars for live anticen preparations, a panel of serotyping
antisera, standard antisera, dark-field microscope, low temperature incubator, and
technical expertise. Diagnosis of leptospirosis by MAT preferentially requires paired serum
samples to look for a four-fold rise of the titer between acute and convalescent sera
which delays the diagnosis and in many instances the paired sera are not available. A
single MAT titer of >1:800 is diagnostic also but it took several days post-infection to
reach or the titer has never reached (Kothari et al., 2006). Moreover, false negative results
are frequently reported when the causative Leptospira serovar has not been included in
the panel of the typing organisms (Thiermann, 1984). Several alternatives of antibody
detection assays were developed for diagnosis of acute leptospirosis. These included the
hemolytic test (Cox et al, 1957), the slide agglutination test (Galton et al, 1958), the
indirect hemagglutination assay (Sulzer et al, 1975; Levett and Whittington, 1998), the
indirect immunofluorescence test (Torton et al, 1966), the microcapsule agglutination
test (Arimitsu et al., 1994), IgM indirect/membrane ELISA (Adler et al., 1980; Milner et al,,
1985; Winslow et al, 1997), the LEPTOstick (Gussenhoven et al., 1997), the lateral flow
assay (immunochromatography) (Smits et al., 2001) and the multi-test strips (Watt et al.,
2005). While these methods are much simpler than the MAT and many of them are
available commercially, they still need a lag period after infection before the antibodies
become detectable; and once incited, the antibodies stay for a long time, even after the
pathogenic organisms have been eliminated. IgM antibodies to Leptospira were detected
by dot-ELISA in the infected subjects up to the 6™ month, decreasing to 57% by the 10%"
month, and persisted in some subjects beyond the 12" month (de Silva et al., 1997).
These data indicate that the antibody detection assay is less sensitive during early
infection, as IgM antibodies were not detected in many patients during the first few days
of the acute phase of illness (de Silva et al., 1997) and also imply that such assays cannot
be used for monitoring the treatment efficacy. As for MAT, false negative results of these
antibody tests may occur due to the absence of homologous antigen to the patient’s
causative serovar in the antigenic preparation used in the assays. Thus, by far and large,
an early, simple and accurate diagnostic method for acute leptospirosis is needed and

awaits development.



Dengue fever (DF)

DF is an arthropod-borne virus infection caused by Dengue viruses of the family
Flaviviridae. Dengue viruses comprise of four antigenically distinct serotypes, 1-4
(Simmons et al., 1931). DF is transmitted by the bite of the Aedes spp. mosquito carrying
the virus. Endemic area of DF has been expanding during the last two decades. Thailand
is endemic for DF which is reported every year since its first found in 1949. The first DF
outbreak was in 1958, during which 2,158 cases and 300 deaths occurred. There were two
large epidemics in 1987 and 1998 when 174,285 and 129,954 cases were reported,
respectively. The case fatality rates during both epidemics were 0.58 and 0.2%. The
majority of cases were in children below 14 years of age. All four serotypes of the Dengue
virus have been isolated in the Thailand and Aedes aegypti is the principal vector. Each
year, the maximum DF transmission occurs during July to September (WHO/SEARO Report,
2007).

After the mosquito bite, the virus initially replicates in the skin and lymph nodes
before dissemination in the blood stream (Wu et al, 2000; Wilder-Smith and Schwartz,
2005). The virus has an incubation period of 4-7 days, though can range from 3-14 days.
Usually it is a non-specific febrile illness but certain factors can predispose to severe
manifestations like dengue hemorrhagic fever (DHF) or dengue shock syndrome (DSS).
These factors are: infection with dengue virus serotype-2 (Sangkawipa et al., 1984); age
less than 11 vyears (Guzman et al, 1990; good nutritional status (since severe
manifestations are related to the host immune response, malnourished individuals are
less prone to a vigorous immune reaction to the virus) (Thisyakorn et al., 1993),
subsequent infection with a different viral serotype due to antibody dependant
enhancement (ADE) of viral entry into monocytes, increased antigen-antibody complexes
with subsequent vascular injury and increased T cell responses with immune activation
(Wu et al., 2000; Zivna et al., 2002). ADE is believed to occur due to persistence of cross-
reacting antibodies from the previous infection. These antibodies are unable to neutralize
viruses from different serotypes but after binding to the viruses enhance uptake via the
Fc receptors on monocytes. The cascade of cytokines then causes endothelial injury,
platelet and clotting factor consumption and increased vascular permeability. Predictors
of DSS in children include: younger age, altered sensorium, paralytic ileus and significantly
deranged prothrombin time. DSS causes high fatality rate which could be as high as 17%

(Shah et al., 2004). There are three main clinical subsets of dengue infection (Wilder-Smith



and Schwartz, 2005). Classic dengue presents with fever, severe headache and particularly
myalgias; thus it is given the name of ‘Break-bone fever’ (Rigau-Perez, 1998). There may
be associated lymphadenopathy, pharyngeal and ocular congestion and respiratory or
gastro-intestinal symptoms. The fever lasts for 4-5 days and around the time of
defervescence about half of patients develop a macula-papular rash that lasts 2-3 days
and may be pruritic. Rarely there may be myocarditis, hepatitis, pneumonitis and bleeding
into internal organs. Dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS)
occur due to increased capillary permeability and vasodilatation 3-7 days after starting of
the illness, caused by mediators like TNF-a and IL-1 released from infected monocytes
and macrophages. The capillary leak causes the rise in the hematocrit, periorbital edema
pleural effusions and ascites. THe capillary leak and thrombocytopenia may give a
positive capillary test which is more than 20 petechiae in an area of one inch? when the
blood pressure cuff is inflated midway between systolic and diastolic blood pressure for 5
minutes (Kalayanarooj and Vaughn, 1997). Shock often occurs 24 hours before or after
defervescence supporting a role for immune mediated injury. The shock lasts for a day or
two and patients either die or get better. Encephalopathy, GBS and acute transverse
myelitis have also been associated with dengue virus infection (Patey et al.,, 1993,
Solomon et al., 2000). Leukopenia occurs due to a direct suppressant effect on the bone
marrow. Thrombocytopenia occurs mainly due to increased platelet destruction by
adsorption of virus or antigen-antibody complexes on the platelet surface with
subsequent immune (complement mediated-) destruction (Rigau-Perez, 1998). A
coagulopathy may occur due to consumption of coagulation factors due to disseminated
intravascular coagulopathy (DIC), liver dysfunction and molecular mimicry between the
viral proteins and coasulation factors. Liver injury may occur due to direct invasion by the
virus or due to immune mediated injury.

Current diagnostic methods for primary DF include: 1) detection of antibodies by
hemagglutination inhibition assay showing at least a four-fold rise in titer of neutralizing
antibody in paired serum samples; 2) ELISA for specific 1gM antibodies particularly to the
non-structural protein-1 (NS1 protein) which appear around the 6th day of illness and last
from 1 to 3 months; and 3) ELISA for detecting IgG antibodies that appear after 7-10 days
of the illness and last for months to years. The antibody assays for DF diagnosis are facing
similar limitations to those for leptospirosis. Virus isolation techniques are not easily

available as they are laborious, time consuming and not always successful. RT-PCR



detects the virus within 1-2 days of manifestations and the test being negative later in the
illness. Diagnosis of acute infection based on antigen detection is not available.

Rationale of antigen-based assays for detecting antigenemia

During the acute phase of systemic infections, such as leptospirosis and DF,
respective pathogens are found in the patient’s blood circulation. The innate immune
response is alarmed by pathogen associated molecular patterns (PAMPs) through the
pattern recognition receptors including acute phase serum proteins, complement
receptors, Toll-like receptors, scavenger receptors and NOD-like receptors. Inflammation
(fever, tissue edema, pain, blood congestions and organ dysfunction) causes recruitment
of innate cells including phagocytes (neutrophils, monocytes, tissue macrophages) and
natural killer cells. A fraction of the invading pathogens are destroyed by the host innate
immunity. The pathogen may be lysed by complement and their antigens should be in
the blood circulation before being exctreted with the urine. Besides, the pathogens may
be engulfed by the circulating phagocytes into the phagosome and were killed in the
subsequently formed phagolysosomes. In this instance, antigenic determinants (epitopes)
of the pathogens will be contained in the phagolysosome for subsequently assembling
into peptide grooves of MHC class-Il molecules while the smallest chemical units (amino
acid, sugars and fatty acids) are reused by the host. Therefore, blood phagocytes are rich
sources of materials for antigen and DNA based-diagnostic assays. Several antigen based-
immunodiagnostic assays, such as indirect/dot ELISAs, have been used successfully in our
laboratory for early diagnosis of infections such as leptospirosis (Saengjaruk et al., 2002),
filariasis (Wongkamchai et al., 2002) and typhoid (Chaicumpa et al., 1988, 1992).
ingUIzesn

gUszasAnan (Ultimate objective)
To produce a ready to use immunochromatographic test (ICT) kit for double

diagnosis of leptospirosis and Dengue fever by means of antigen detection

UIZAIALGININTTU (Specific objectives)
1. To collect clinical samples of patients with febrile illnesses, esp. leptospirosis and

Dengue fever

2. To prepare antigens (whole cell homogenates) of Leptospira spp. and polyclonal and

monoclonal antibodies specific to Leptospira spp.



3. To evaluate suitability of the monoclonal and polyclonal antibodies to be used as
diagnostic reagents in immunochromatographic test kit

4. To prepare immunochromatographic test (ICT) kit for double diagnosis of leptospirosis
and Dengue fever

5. To perform an in-house validation of the ICT kit

6. To validate the ICT test kit using clinical samples and to determine diagnostic
sensitivity, specificity, accuracy and positive and negative predictive values of the ICT

kits in diagnosis of leptospirosis and Dengue fever
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(Main Body)

AANTTUNTTIEMaUDLY d19TUNISHRIUN ICT test kit tansIantaURIUvaRdaaUlndly

[
IS

5@ dnatl

Aanssufl 1: 103eY reagents é’m%’umsﬂsmﬁwﬁaﬁﬂLﬁan@:%aaLLauauaﬁﬁmm:auém%'uﬁﬂ
YAATIY Leptospirosis (§mFulauAuaflivanzandmiusiigansaa Dengue NS1 141970
1A339N15 HBM167)

nsudnluTulaauianeuiued (Monoclonal antibody: Mab) fisnwysoderadlnaldls
e w19 neIUHURNITADILNS Ao9n A, as. Tuiiy ToA1nT AuzuNeAIERSASIIINEIUIE
uvninedouiing (lasanisdesdl 1) wazain ue. nay. nflug) sna AnzLIMgmans guiasnsal
wiinends (assniseosd 2)
Tasenseiosdi 1

TululnaunaueufvediunaniesdfiAnisues a. as. Suiiy Fodinn danudiwiede
epitopes fisnstuvadlusiu LipL32 voudeaulnalus (Saengjaruk et al., 2002; Maneewatch
et al., 2008, 2009, 2014).

N1SLNZLA8S Leptospira

va oy v ¢ , O _
ﬂmza’;ﬁ]avlm’miwLLaszwLamLﬁua Leptospira spp. lua m1siaeaise Ellinghausen-

McCullough-Johnson-Harris  (EMJH) medium (10% albumin-polysorbate-80 Leptospira

]
= =

enrichment) (Difco, MI, USA) 1gauunqil 30°C incubator Ty aerobic condition Lﬁlal,%lal,aﬁagm
late log phase l#1i1 bacterial suspension ldlunasaiiumniss vurn 50 wa. Juilennnznau
waakuaiselaeldn1ui5i5ou 3,500 x ¢ 1ua1 20 U9l deRgnauwaaLUATlSEAle
phosphate buffered saline, pH 7.4 (PBS) Judrawadifioidnermsdesdouuaiteenn T
e udninzneuwaslu suspend #me sterile distilled water U3anns 1 ml a1nduyinliiead
Lmné’wﬂﬁmﬁmmmﬁqq 11 whole cell homogenates Tw3auldlusnaududulusiugaeds
Bradford wazInAn dry weights

a a aa o U .
nsnssalululAaulausuRueANg LNz Leptospira spp.

aa o o [

falenanit19nunaiin bauslaund Secrete 1ululAau akauRUBRNIUIIWIETU

Leptospira spp. bu131nviesuuiRin1539eaoaurianiuiu AeainiasljURn1s3ideuasimun

a

wialulad nAdwUsdniven wazaudideiludasiulusiusnwvuwasiugienssuwouiven Aoz

WANEAANSASIIINGIUIE UMNINe1Fuuiing 3 clones HaZIMNAULLNNYAIENT 1A INTAl

(%

WYY lay A1, Wey. Nl fMInNa 3 clones S8azIBAdlRal



Tululpauraweufivedfidusinieiu Leptospira spp. 910 #. a3, Tuiiiey Fe/an
el UANITauaziauimalulad n1adviusdnine) waradidedudanulusiusnyviwas
WUTIAINTTULOUAUDR AMTUNNYAEASATIIVNGIUTS UNTINESeuTing

ﬂiu8%3’581577’]?1?5L?:EJQI@‘U%IG]NWIWBH LE1 (IgG2a), LD5 (IgG1) way LF9 (IgG1)
(Saengjaruk et al.,, 2002) Fandvlululaauiawaufusffs 1wy Lipl32 protein 289
pathogenic Leptospira spp. (clones LE1 wag LD5) wag all Leptospira spp. (clone LF9) lag
ihgadlouslandinanluvhnsmnzdsduemsidowwadiliis 5u (serum-free medium) 7
gaunfl 37°C luussena 5% CO, uwadvdauauiuefoonuluaamsisusadluiinms
Wilsans anduihueuiveniuildianududuanTudie Amicon PM10 suusufivedivie
Fiss 10 fiaddns vinns dialysis Tuansazanetimaswoan antuusnlusiuliuians (g6)
A2y Protein G Sepharose resin éﬁ‘ﬁ

thueufvefiniondaiulusiuneduilusiud (Protein G Sepharose column) #3910
&9 unbound materials #ldduiulusiuTesn sme binding buffer ud ¥1n3 elute wauRuef
paNUIINARANLRIY elution buffer USuanin pH Tiilunanadie Tris-HCL, pH 9.0 11 purify
16G antibody Mwsenlalusinis dialysis Tuansazanedmesvloaa antuusuaududures
wouRveA iy 1.5 me/ml vinnisiaLeufvedlnmosanie3s indirect ELISA LagnsIad0U
ANz vedlululaauIalauRuafnIe3s Dot-blot ELISA uag Western-blot analysis

N5IALURUBA LML BSA83T indirect ELISA

AugyIdelavinnisinueudivedlaines 71835 indirect ELISA a1 whole cells
homogenate U843 Leptospira serovar Autumnalis l‘U‘v‘hmimﬁawqmmauﬁmmLsﬁmsﬁu 10
pg/ml ﬁul’ﬁﬁuﬁﬂuﬁ incubate ﬁqmwﬂ”ﬁ 37°C a4 plate A8 washing buffer (0.01 M PBST,
oH 7.4) 91n1u%1n13 block ﬁdwiqummmaauﬁw blocking buffer (1% bovine serum
albumin: BSA) Wunan 1 2l SNVQUNAADY e washing buffer Wiy lululAauaweusivef
(purified IgG) IngFuduanududuil 200 pe/ml uagideansawindluudagvgunaasudaly
quilangquanving 1A plate 13 1 4alus Sravqumaaeu ¢ washing buffer WAy secondary
antibody (anti-isotype)-HRP conjugate AulS 1 9alu é’wwqmmaau 18 washing buffer 1w
substrate (ABTS) AUl 10 witludidla shnsiasnsgandunasdt 405 uiluwms

NNTIALBUAUDA MLMBSA83T Indirect ELISA wuinlalulaauiawau@ued LEL, LD5
way LF9 fauoufvenlamasivindu 1:128; 1:128,000 way 1:2 #38 1,280; 1,280,000 ag 20
FLISA units/ml augaau

N1591523ANUI N VBIlUlARUNAKDURUBARM 835 Dot-blot ELISA

a

ANEEITEIINIATIRdUANUTINIEYadllulAauIaLBURAUBRAIETS Dot-blot ELISA

1n811 whole cells homogenates ¥84 Leptospira spp. kag heterologous bacteria lUvinn1s

10



MeRAAIULAL nitrocellulose membrane (NC) fiauidiudu dry weight 10 pg/dot 9wt NC
18 washing buffer 91171911015 block A91suuLAY NC §28 blocking buffer (3% bovine
serum albumin) Wwan 1 $2lus &19uky NC ¢e washing buffer (0.02 M TBST) finlalulaa
uraueuAvefastly incubate igamgiivios 1unan 1 §2lua drawsu NC #ae washing buffer
mﬂﬁ?ulﬁm goat-anti-mouse immunoglobulin-alkaline phosphatase conjugate 7 dilution
1:3,000 LLé”;ﬁmﬁQﬁwgﬁﬁm Wuran 1 4alue §19unu NC 698 washing buffer NTULHY
substrate (BCIP/NBT) Wiiufigaungiivios unan 5 wiiludifia vgaufiselasdausiu NC fen

Y

nau ATREUURAseTIARTY
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LE-1

LD-5

LF-9

L. Autumnalis L. P136 E. coli S. Typhi

U 1: uansfegramanmisnsiaaouaudmzvedlululnauiausuAueisieds Dot-blot ELISA
wdiuldilulrawaweufvediflilumsfnuaded (LE1 ua LD5) viufRenamsdy
whole cells homogenates 489 homologous bacteria (pathogenic L. Autumnalis) k6l
Lvi1U{ASe11u non-pathogenic Leptospira (L. P136) wae heterologous bacteria
(wansmawfied £ coli way S. Typhi) duwuafideduq (ilduanma) waglilulaauiauou

Aush LF9 viU)Asenns pathogenic & non-pathogenic Leptospira spp.

12



11391523 antigenic specificity adlululaauiausuiuailng Western-blot analysis
11 whole cells homogenates U84 Leptospira spp. huenaarginaila SDS-PAGE Wan

éne separated components NaAsUNKHUlLINIwaglaa (NC) mwawiuli LY
NC 28 washing buffer ¥1115 block 7i319unKsY NC §98 blocking buffer (3% bovine serum
alburnin Tu PBST) WJuwian 1 F9lua d19uny NC $ae washing buffer islululpawiaweufived
910 clones LE1, LD5 way LF9 agll LLé’uﬂmﬁqmmﬁﬁaq Huran 1 $2%us 819wy NC e
washing buffer 3 1 n ‘5 Y L# U goat-anti-mouse immunoglobulin-alkaline phosphatase
conjugate 7 dilution 1:3,000 ﬂmﬁqmmgﬁﬁaa Juan 1 92709 §19uku NC §28 washing

buffer Lfisl substrate (BCIP/NBT) 1iufigaungiivios Wuwian 5 uiitluiide veaujiselaedis

Y
¥

WY NC fedIndu asiaaeudjiselinadu U 2 Uil 3 uay UN 4 LanINanIsnsIaey
AUzl lulAauIawaURUBAaNN clones LEL, LD5 way LF9 auansu a5 Western-

blot analysis aziiulsilululrawiaweuiveanlilunisfineinsetvinujiseiu component Tu

pathogenic Leptospira homogenate fifivunn 30-32 kDa
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kDa

170
130
95

72
55
43

26

17

10

Ul 2: wananan1snsIvaouANIINIzvedlululaautaueufiued LE1 sie homogenates
4849 pathogenic Wa¥ non-pathogenic Leptospira spp. Wagkuafiiiedue d1e33
Western-blot analysis. Lane 1, Standard protein marker; lane 2, L. Autumnalis;
Lane 3, Non-pathogenic Leptospira spp. P136; lane 4, E. coli; lane 5, Klebsiella
pneumoniae; lane 6, Proteus vulgaris; lane 7, Pseudomonas aeruginosa; \ane
8, Salmonella group B; lane 9, Shigella flexineri; and lane 10, Staphylococcus

aureus.
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U 3: wanssanisasaaeun N mzveslilulaauiausufued LD5 sie homogenates ¥4
pathogenic Wa¥ non-pathogenic Leptospira LLazLLUﬂﬂL%‘EJsu‘]é"JEﬁ% Western-blot
analysis. Lane 1, Stabdard protein Marker; lane 2, L. Autumnalis; Lane 3, Non-
pathogenic Leptospira spp. P136; alne 4, E. coli; lane 5, Klebsiella pneumoniae;
lane 6, Proteus vulgaris; \ane 7, Pseudomonas aeruginosa; lane 8, Salmonella

group B; lane 9, Shigella flexineri; and lane 10, Staphylococcus aureus.
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LARINAN1IATIAE@IUANT LNz VolLlUlAaUIALBUAUBRA LF9 M homogenates ¥04
pathogenic Leptospira spp. Wag non-pathogenic Leptospira spp. A1875 Western-
blot analysis. Lane A, Protein Marker; Lane B, pathogenic L. Icterohaemorrhagiae;
Lane C, pathogenic L. Andamana; Lane D, non-patoenic L. Patoc; and Lane E,

pathogenic L. Djasiman
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nisuanlnalraulaLauAuafsie whole cell homogenate ¥4 Leptospira spp.
ﬂmzé’iﬁﬂlﬁﬂﬁ whole cell homogenate w84 Leptospira spp. serovar Autumnalis LU

naNivu alum (adjuvant) Tusnsidiu 3:1 andudiweuAlauimssulaundadNnauiioves

nsgi1eaeRuguIITITLaus N15Angdnaeense MeiuATIaraesdUaY vasaIntuiinis

Wzdennsing tideailduntuuendsu uazudafudsudu aliquots figaumai —20 °C vins
AIRERULBUR LR lAMBsaI87S indirect ELISA wuin 3Sudiiulaiiuoufvemlmnes = 1: 60,000
o whole cell homogenate ¥4 Leptospira spp. IA1IANAZNDULDUAUDADENAINTSUIABLAL
ansazasdusnenluoudaminadludsudimIouls Trldaududu 40% vesarsazarsdusa
Fanan ndsanturiinistunenpzneuseuiven avareavnevluaisazats PBS uda dialyze
wikenluflsuganenn InUSualusAuale7s Bradford

13 purify rabbit polyclonal IgG ¢l Protein A Sepharose resin

tnznoulusiufiazaradie PBS uiruaeduilusiuie (Protein A Sepharose resin
column) @14 unbound protein Flisurulsiuesandae binding buffer MnE g elute
wouRUeioanINaINARALLRIY elution buffer Usuann pH Tsidunanssie Tris-HCL, pH 8.0 11
ourify rabbit polyclonal IsG (PAD) fim3euldluvinnis dialyze luaisazane PBS aniuusy

AMULTUTRLRURUDA TN 1 mg/ml

TAseIN15e089 2:

nsmssnlululAauIaLeUAUOANTWWIZAY Leptospira spp.

¢ s a a ) v A . °

JIA1ENS19158 wWNnEnds 3. Ny fnsna lakden hybridomas 91uu 3 Taau (Nos.
3, 81 way 82) WlAnunIsnaAdauLadmuTuNIzRelUsAu LipL32 vsatoadlnalis Ty
HIUNSNAOUAIEIT ELISA nudduiuwaadlsalusaenugnelse waldduiugeaaulnalus

o M 1 X a a a A & a & |

angiuglinelsanasiyenuailiieviindy VeudaRounsuuINLaskNINAY WY Enterobacter
aerogenes, Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Serratia
marcescens, Staphylococcus epidermidis

A, Nflwgn fvsnauazany 1 culture supernatants Y84 hybridomas 9nusazlAzLLN
annlululpaueatoudvedliusanslnueide protein G affinity chromatography tiiaunly

Anaantulunausally
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Aanssudl 2: n15UszdiY reagents Tne33n1s spike 18 Leptospira way n151ddaeg1991n
{2 1ileRnidanguasuauuaffitnunzauianis Leptospirosis (35U Dengue NS1 9214
wauALAUKAE monoclonal antibody pool ¥131n1ATN15 HBM167 1ag A3. Syey WnsUus)

2.1 msdmdenguadlululaauanouveaimnzandniuiluiamndu ICT kit (s
Tudauilvinlne HeaufiRnasiianm Tne se. as. qsdni 29d5auTiu n1adrgadaine) aus
WANEAIERNT UINIREUDULAL)

5A. 3. g3AnA 2ATALTIU IinsmeseuiiieystiiuiiluTulraunausutouduefle
mﬂﬁgmaqﬁawﬁﬁ’ams a1unsaldlunisnsiannde Leptospira spp. tinin wisdimaula
11031 lunsvnnsnedeudaeda dot ELISA Tnevinnis dot weuiauveade Leptospira spp.
serovars Manilai kg Autumnalis W7e3eusaeds heat killed (HK), formalin killed (FK) %30
sonicated cells AUSuraAmuduieg arnduiinisnsianudeilneld monoclonal
antibodies (MAb) #7199 9nAanssuil 1 finnududuiminzaunuilignussiduuudaie
n3Suduan MAD Wegin MAb Tnanunsansaaldlifige Tasn1sin biotinylated-rabbit anti
mouse Igs g alkaline phosphatase-streptavidin conjugate L‘ﬁ@lﬁﬁmmﬁ LAZVIINITOUNE
Tngldinasst \u + 89 ++++ mudidu wansvesesilddulumumsrediedneid

AN9199 1-3 uansna1nnIsLY MAb 91nvesufuRnsidenasiaumelulad nadvn
Usdniven wazaudidaidudaiulsiusnyuasiugimnssuuoufiued Auzwnmemansassny

NEIUIA UNINeSEuTng TIndnlae MEns19158 As. Tuiey TeAnuazAuy

5197 1: MABLD5 (conc. 0.2 pg in PBS 100 pl)

Conc. (ng) Manilai (HK) Autumnalis L752 (HK) Autumnalis UT180 (HK)
500 ++ ++ ++ ++ ++ ++
100 + + + + + +

20 + + + + + +
q - - . - . .

5197 2: MABLE1 (conc. 0.2 pg in PBS 100 pl)

Conc. (ng) Manilai (HK) Autumnalis L752 (HK)
500 +++ +++ +++ +++
100 ++ ++ ++ ++

20 + + + +
a4 + + + +
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1519 3: MABLF9 (conc. 0.2 pg in PBS 100 )

Conc. (ng) Manilai (FK) Autumnalis L752 (SO)
500 + + + +
100 + + + +
20 - - - -
q - - - -

M13197 4-6 19 MAb udnlag se. Wandndde a3, nllug Ansnauasae

A15799 4: MAb: No. 3 (1:5,000)

Conc. (ng) Manilai (HK) Autumnalis L752 (HK) Autumnalis UT180 (HK)
500 + + + + + +
100 + + + + + +

20 - - - - - -
il . . , , , ,
A9199 5: MAb: No. 81 (1:1,000)
Conc. (ng) Manilai (FK) Autumnalis L752 (SO)
500 + + + +
100 + + + +
20 - - - -
il - , , ,
AN9797 6: MAb: No. 82 (1:5,000)
Conc. (ng) Manilai (FK) Autumnalis L752 (SO)
500 +++ +++ ++++ ++++
100 ++ ++ +++ +++
20 + + ++ ++
il + + + +
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naa1nn1sUsziliulululaausausufived laeg se. As. g3dAnA 29ATAuUTIY

UNINIRLVRULNY barIINAITUTEYUNBLAUBANUNIMINVBINANTNARDILAY FA. AT, FIANG
= N | = & Yo A a = v &

WATIUTIY NUsTyuiauulvAndonwauRued laaw LEL 210 @, ey wae lAaw no. 82

310 5A. Ny NkanIIaaesfnaninddesiuiiotluvinnsAnwsely

9
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WeosanuRanfivszyulafinnumulinageuninuls MAb LET, LD5 was No. 82 1

labeled Ay biotin waald detect Leptospira antigen 1nanse A18735 Dot- ELISA 1n81i9914

antigen M1A311L T 500, 100, 20, wae 4 ng tngly 5A. A3, §3ANA 9AS

NaadU YIlANanILandlly A5 7-9

[

AU

a < ¥ o
U WUy vInIg

a3UlA37 MAD LE1, LD5 wag no. 82 inulisio Leptospira Serovar Manilae 11111731

Serovar Autumnalis strain L847 wag Grippotyphosa strain 8368 1lag MAb LE1 wag LD5 Tviua

ANSNAADULNALALINUAINALAAILUATSIN 7 wag 8

15197 7: MABLE1 (Conc. 50 pe/ml)

Concentration | Heat killed- L. Formalin Heat killed-L. Heat killed-L.
(ng) Manilae killed- L. Autumnalis L847 Grippotyphosa 8368
Manilae
500 ++++ Tttt ++ ++
100 +++ ++++ ++ ++
20 ++ +++ ++ ++
4 ++ ++ + +
A15197 8: MABLD5 (Conc. 50 ug/ml)
Concentration | Heat killed- L. Formalin Heat kill- L. Heat kill- L.
(ng) Manilae killed- L. Autumnalis L847 Grippotyphosa 8368
Manilae
500 ++++ +tt++ ++ ++
100 +4+ +ttt ++ ++
20 ++ +++ ++ ++
4 ++ ++ + +
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a3 MADb no. 82 laigunsa detect L. Autumnalis strain L847 way L. Grippotyphosa

strain 8368 lewlaSauLisunu PBS @adlu control $9m15199 9

AN5197 9: MAD No. 82 (Conc. 50 ug/ml)

Concentration | Heat killed- L. Formalin Heat kill- L. Heat kill- L.
(ng) Manilae WT killed- L. Autumnalis L847 Grippotyphosa 8368
Manilae WT
500 +++ Tttt - -
100 ++ +++ - -
20 ++ ++ - -
4 + - - -

Aanssudl 3: Maiudlege@suvasdnild dwmsudsadiv ICT kit

a

LesuaueYLATIZiaINlATINIG HBM142 Flu frozen Sera 9 #1. wey. gy

o' q q
14

I3 YV v & Y ! I ' I a Yo aa o 1 a A
wmﬁﬂﬂﬂaLﬂUVb lﬁiUﬂiqLLiﬂ 60 $3984 I@f‘.lillﬂ/]i']‘lnr]ll’]‘r\nﬂQ‘U’JEW]VLmiUﬂ’]T]‘U"\]QEJT]G\@L%@I@

] a Y oA o X Y = ] ] Ao vav Yo aa o
G]@@J’]LNEJV]@E?@UWJEJGQW ICT test kit NWAUIVULAD INTIUI Luadu "?ﬁmﬂ@ﬂlﬂml@ﬁUﬂqi'ﬂu‘ﬂQS

dulsaadlnalulsda 14 sragne [Aen 30 dreeg19 wazansdlnila 16 faea

ASINADY 248 F9e9

AANTSTUN 4: NISWAIULAZNER ICT kit

n1368383 Gold conjucated loG

1N15ARRaIN IgG vas MABLEL AigaunIAnednaaasen Ll IsG ¥as MAbLEL

a

Auudy 100 lulasniudefiadang Usuins 100 lulasans nauduansuuiuasgoyn1nnes

meaaoun (colloidal gold particles) Usunns 5 fiaaans W1u1n1uAle magnetic stirrer 1utaan

30 w9l NQunUvied Wua15aray bovine serum albumin (BSA) aslulvidianadudu 10%

MUY 80 30 Wil wdnilunguwissiiennnznauy lsG-gold particles 71 12,000 saUfowUN¥

Juvian 10 wil gauilanuds suspend nenau gold particles ¢ae storage buffer, pH 8.2 Tl

USu1ey 800-1000 tulAsAns iy sucrose wag trehalose Tudnsn 1 wag 0.5% ANUAIAU LUEN

Y @ .
w19 iy homogeneous suspension

22




NNSYLEY test kag control lines AaqUUTULILLUTY

WHULLILUTU (FF60/100, pore size 8 lulasiums) vu1nning 2.5 lwufluns an kil

a

A8 30 LWURLIAT YNNI spray anti-mouse immunoglobulin GAM (1 fadnsuneiiadans)
71 control line kag MAbLD5 (1.5 fiadnsusaiiadans) 9 test line lnellseayrinasenineayians
lines WM1AU 0.5 wuduns dnuuusuluaulinian 37 ssawaoa Wunal 1 97l a7ty

P lusalutwineslvvinudunal 1w waztlUauliwisd 45 asrwadaa Wuian 2 Falud

JUN 5: M3V test wag control lines agldin3aaausd (Bio-dot) (1 uay 2) wagtiluauumns

1 37 pamwaea (3) Wunan 1 Flus

3UN 6: urmausuludnwleshiviaudunan 1 nil (1) wazdileuliuien 45 esmwadea (2)

Wuan 2 t2lug
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n15UsENauYnnsIdau ICT kit

¥ Backing card vadaun1ilindadiu aennsza1sdan1InsaiiuniIues
WNLUsUoontaNumLUsuluUaslUlmSaU aonnszawlnninssdiunueues Conjugate
pad 99N WAEILHY conjugate pad TinawuusuUsTUNM 1-2 Tadwas wuvaslulmsou uway
a9nNT2A1BTUANIINTIAILMUITDS sample pad 99 LAZINUHY sample pad T¥ngiy
conjugate pad Uszunu 1-2 Jadwes uuwvadluliiseu asnnsemwlnn1inssmiunuaues Wick
980 uarIIRY wick WhnewausuUssanal -2 fadwns wuadUlhSou andudadenies

Annszaulidinnnuniiadu 4 Tadwns i ICT strips Tiluga Aluminium foil IgesgamIuTy

& o Ay A v Y Ao w &
LLazLﬂUWQﬂJﬁQNVT@QWLL‘VN (FDIIN1RAIUYU)

g‘dﬁ 7: M3UsenougAnTIvEey ICT kit
1. w383 Wick, conjugate pad, wag sample pad UsznauyanTIaeu
2. 19U Conjugate pad Tnaluatusulszana 1-2 faduns wuvasiulmseou
3. 119KU Sample pad TWneviu conjugate padusyane 1-2 faawuns wuvasluln
136U

4. MU Wick Taneuusulszann 1-2 Jadwes wuvashulmseu

JUN 8: madingaUszneuyansIvEeu ICT kit mewsesdanseavlidanuniiadu 4 faduns
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Aanssudi 5: To perform an in-house validation of the ICT kit
FnNsnAdEUANNSINIETRs ICT test kit AnanTulunmsnsade Leptospira spp.
AnzfAduldiin1snaaauALIUNIELEY ICT test kit inAnTUlLN1IATI91T0 pathogenic
Leptospira spp. a¥ non-pathogenic Leptospira spp. frananslu gﬂﬁ 9 s‘z’iﬂﬁmamﬂﬁ’u L.
Autumnalis (pathogenic Leptospira spp.) ha gl waau iy L biflexa (non-pathogenic

Leptospira spp.) kg buffer (PBS-T)

v
a =

Pnuazldlivegeumeandlivenisnaaeudanudt ICT test kit NnE#TY

a

&UN50ATIT0 pathogenic Leptospira spp.: L. Autumnalis way L. Canicola lateeiiand

q

USunauvedieudauiniuivmagey 0.375 lulasniu Awansly Uil 10

3‘1]‘17; 9: LAANANIINAADUNANITAINUIUNIZYDY ICT test kit ﬁwam%{uiumsmam%}a
pathogenic Leptospira spp. Wag non-pathogenic Leptospira spp.
vinelaY 1-3 uanduouflauiiumaaeu: Lane 1, L. Autumnalis; Lane 2, L. biflexa
wag Lane 3, PBS-T

T, test line; C, control line
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g‘dﬁ 10: LAAINANIIVIAERUNIANIITEY immunochromatographic test kit dlevhnisnaaey
A1t homogenate U84 pathogenic Leptospira spp.: L. Autumnalis
et 19 wansenuiduduveseuRauiithumageu;
Lanes (@1nuuluans) 1, 12 pe/strip; 2, 6 pg/strip; 3, 3 pg/strip; 4, 1.5 pg/strip; 5;
0.75 pg/strip; 6, 0.375 pg/strip; kaz 7, 8 kag 9; 0 pg/strip MUAINU

* TV TULR YRS IE1N5 N9 line 71 T 191
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NNINAABUAIINTWNIZUBS ICT test kit NNanTUlUN1TATIAID Leptospira spp. TuTT
(spike sample)

AEITulANANITAIINTWNIZURS ICT test kit ANAATLTUN1INTINTD pathogenic
Leptospira spp. Tumiegns@su Inanslde L. Autumnalis (pathogenic Leptospira spp.) adlu
F3uUTnH (normal serum) lasurdige@sulInaluronmatwves Tudadiu 1:10 a1niu

NAADU LT Leptospira spp. TufI981s

T C

B | 1
b g

ey s

-

JUN 11: UAAINANITNAABUNANITAIINTWNIEYDY ICT strip ANGnULIUNINTINAE pathogenic
Leptospira spp. TUFTU A18735 immunochromatographic test @saglwuauiniv L.
Autumnalis (strip 1) kaglvinaauniu L. biflexa (non-pathogenic Leptospira spp.) hag

normal serum sample (strips 2 Wag 3 AUAGU)
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Aanssufl 6: To validate the ICT test kit using clinical samples and to determine
diagnostic sensitivity, specificity, accuracy and positive and negative predictive

values of the ICT kits in diagnosis of leptospirosis and Dengue fever

a a

6.1 AMEHIIBYINNINTIAMI0E 19 TTUNLATUAINBIYATIZVAIN A, UANENL gty A

v 9 9

& o o Y 1 v 1 [ o 1 aY yo aa o 1 a
NWNTUIAG ATIN 1 9UIU 60 HIVEIN I@Uﬂ’]EJ‘WﬁQ‘VliTU’NL‘IJ‘U"'ZIilIsU’eNQ‘IJ’JEJVII@?UW]TJUQQEJ’J’]W@

e Leptospira spp. 314U 14 518 oo Scrub Typhus 3742U 16 31¢ wazfndolisa
ldidenean 911U 30 918

1INNITNAABUAILYANTIV Leptospira antigen ICT test kit findntunuinlinauan
ﬁ’u%%’umﬂQ’ﬂwﬁlﬁ%’umﬁﬁ%ﬁadwam%’e Leptospira spp. wavun 14 518 Tnaaufiudsuain
fuaeilldsumeitadidndelataldidensen 27 an 30 T8 iasauaInUaoxludtiesdied
Igsunsitadeinindelaldidonsan $1uau 3 910 30 578 wazianavindasuluduves
Qﬂaaﬁm%a Scrub Typhus 1171 11 910 16 318 (A3 10)

ag4lsnd AauedIdldds Reactive proteins §i test line ¥849 serum samples i
original diagnosis WJu scrub typhus 3 518 (3 strips) uAldinauaniu leptospirosis ICT
test kit 1U31As129lUsAUR2Y mass spectrometry NausINg3ITNU Leptospira peptides
(nMAKWIN) WAldNy peptides Va9 Rickettsiae ety serum samples wianii5 elaitinunann

gU2e3 U scrub typhus wagUqeinasinia Leptospira 1nn3n
Y U
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M19197 10: HAN1INATAU88198TUVREUIETI 60 F18RlATUIIN A. Ney. Bt AnWNsHeAa Tuas1?

wInwazn19Itaay
No. Code Lepto ICT test kit Diagnostic Leptospira IFA
IgM lgG
1 844000524 + Leptospirosis 1:50 >1:50
2 441470 + Leptospirosis >1:50 >1:50
3 44-2452 + Leptospirosis - -
4 45-1495 + Leptospirosis 1:400 1:200
5 46-1802 + Leptospirosis 1:800 >1:50
6 47-1067 + Leptospirosis 1:3200 1:1600
7 6334 + Leptospirosis 1:800 1:400
8 5274 + Leptospirosis 1:400 1:800
9 5228 + Leptospirosis 2>1:6400 2>1:6400
10 5026 + Leptospirosis 1:400 1:50
11 4305 + Leptospirosis 1:100 1:3200
12 44 -1263 + Leptospirosis 1:400 >1:50
13 44 -2480 + Leptospirosis >1:50 >1:50
14 45-2078 + Leptospirosis - -
No. Code Lepto ICT Diagnostic Scrub typhus IFA
IgM lgG
15 844000084 - Scrub typhus 2>1:6400 1:800
16 844000356 + Scrub typhus 1:3200 2>1:6400
17 844000455 + Scrub typhus 1:200 1:800
18 844000666 + Scrub typhus 1:3200 1:3200
19 844000044 - Scrub typhus 2>1:6400 1:200
20 844000032 - Scrub typhus 2>1:6400 2>1:6400
21 744001121 - Scrub typhus >1:50 1:400
22 744001128 + Scrub typhus >1:6400 >1:6400
23 963 + Scrub typhus >1:6400 >1:6400
24 979 + Scrub typhus 1:1600 1:3200
25 988 + Scrub typhus 1:50 1:1600
26 1003 + Scrub typhus 1:100 1:1600
27 1045 - Scrub typhus 1:3200 1:1600
28 744001302 + Scrub typhus 21:6400 21:6400
29 744001335 + Scrub typhus 2>1:6400 1:800
30 744001365 + Scrub typhus 1:50 >1:6400
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A15197 10: (o)

No. Code Lepto ICT Diagnostic Dengue test
IgM IgG NS1
31 4-0027-4 - Dengue fever - - +
32 4-0087-1 + Dengue fever - - +
33  4-0381-7 - Dengue fever - - +
34 4-0416-6 - Dengue fever - - +
35 4-0527-9 - Dengue fever - - +
36 4-0006-1 - Dengue fever + - +
37 4-0034-2 - Dengue fever + - +
38 4-0130-8 - Dengue fever + - +
39 4-0154-5 - Dengue fever + - +
40  4-0177-1 - Dengue fever + - +
41 4-0286-2 - Dengue fever + - +
42 4-0391-8 - Dengue fever + - +
43 4-0511-2 + Dengue fever + - +
44 4-0906-1 - Dengue fever + - +
45  4-0948-7 - Dengue fever + - +
46 4-1147-8 - Dengue fever + - +
47  4-1300-8 - Dengue fever + - +
48  4-0179-3 - Dengue fever + - +
49  4-1178-3 - Dengue fever + - +
50 4-0051-1 - Dengue fever + + +
51  4-0631-5 - Dengue fever + + +
52 4-0757-5 - Dengue fever + + +
53  4-0987-1 + Dengue fever + + +
54 4-0015-1 - Dengue fever - - +
55  4-0163-5 - Dengue fever - - +
56  4-0446-9 - Dengue fever - - +
57  4-0734-9 - Dengue fever - - +
58 4-0855-4 - Dengue fever - - +
59  4-0216-4 - Dengue fever - - +
60 4-0546-1 - Dengue fever - - +
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6.2 AnzEATEIMIMTIafe g TSR ldfumueyATIEian A, wmdvdl giiu A
WVsUIAA AT 2 $107U 248 FreEauun blind warlddamanisnsIasae ICT test kit ndululs
A unnEndge gy awnsusna WelTouifigudy original diagnosis wda wadlaild sy
nalUSeulisundunn Jedsldarunsamiuie sensitivity, specificity, accuracy, wag predictive

values 94 ICT test kit ¢
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NUUAMERITETIN15IAT18A101Y (Sensitivity) AA11F1LNIE (specificity) A

Qﬂéfaq (accuracy) AULTBLUUNIIUIN (positive deviation) wagAULTERUNINAU (negative

deviation) YaeyanTIaLUUBUYLUlATIN AN T TY TnguIndsil

M15199 11 1WSBULiisunavasyanagau ICT test kit wWaTNANITILITLLANIIN A. WNNINEYS

g ANNSUIAG FIUFUAIDENTITU 60 FaDE19LIN

+/+ positive agreement (PA)

ICT Kit Positive result from Prof. Yupin’s lab | Negative result from Prof. Yupin’s lab
(R+) (R-)

ICT Positive (A+)
14 14

-/+ positive deviation (PD) (R-/A+)

ICT Negative (A-)

+/- negative deviation (ND) (A-/R+)

32

-/- negative agreement (NA)

PA + NA

Relative accuracy: AC = (—N) X 100%
NA

Relative specificity: SP = N= X 100%
PA

Relative sensitivity: SE = Nz X 100%

Ty N A9 91UUAIDEIINLA (PA + ND + PD + NA)
N- fia S1uausegsiilinaauioiunuesdseneds (NA + PD)

N+ AD 31UIUFMIBE NN MANAUINTIVNAUDII0919849 (PA + ND)

NUIYANSID Leptospira antigen ICT test kit Amurduiaula (Sensitivity) 100%

AIUT N (specificity) 70% warAIUNABY (accuracy) 77% LB UAUNANTIVIN

a

WU UANTU0IMANTIA5E UWNNENa gy ANVsNeRs

o El q

MMTILATIERAMILDBIUUNIIUIN (Positive deviation) wazAallsauuyn1say (Negative

deviation) ve@aansIaLUUduLlulATIN AN AR AY
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FUIUAD1 W RAUINUADY x 100

9N NaUINUADY (%) = — v
NUIUAIDE 1T L AREAUT VLS

Sasuaauvvany (%) = FIuUAeg19TliNaauUaaN x 100

NUIUFD YT LANAUI NVINUA

WUIYANTIANTD Leptospira antigen ICT test kit MiwuTuiisnsmauIntasy (False positive)
\Ju 30% uazraauUaou (False negative) 1Uu 0% Wiawleuiunansiaain . uNngnda g Anns

A
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Y

AR ICT test kit LNBNTIINILIUALIUVD MBI ITALASA

Y

angRIdelasulululaauiatoufuefndnniziu NS1 ve9 Dengue virus kag NS1
protein 13 4 serotypes 911 A%. Taygy1 WNSTU mireITuliiFenssn AusLuNeA1EnA3INY
NYIWA UMINYAEUTR

N1568383 Gold conjuscated IeG

¥n15Bnaain IG vad MAbs Sl (Usznaudie MAb 4 wfiafisiimiziu NS W 4
serotypes; MAb 2 clones W IgG1 wazdn 2 clones Ju lgG2b) éf’mawmmﬂaﬂ JEHDENEERLE
MAbs SI4 aastdudu 30 lulasnsu naudvansazalgouniAnewIuasy (colloidal gold)
U331m3 5 HadanT U1annausiie magnetic stirer 1y 30 Ui gaunaiivies liva1sazane
bovine serum albumin (BSA) fiidudu 10% nautung 3n 30 urdl udilunyumisaile
ANFENDU 1gG ﬁﬁmamﬂé’maymﬂwaﬁ (gold particle labeled IgG)'ﬁ 12,000 s0UABWIT 1Tu
a1 10 W1l @mﬂjﬂaﬁaLLéaazawamzﬂaué’aa gold storage buffer, pH 8.2 TugiU3u1ad 800-1000

1lulasdns 1AL sucrose tag trehalose Tudns 1 wag 0.5% Lweune Tazateaunua

A15%LEU Test wag Control lines

11N Membrane (Tanilu FF60/100) vu1andne 2.5 ufiuns dnalvisiaaues 30
WURAT ¥IN1A1T spray La8TE8g119581119 Control line (anti-mouse immunoglobulin GAM 1
Jaansudeliadans) way Test line [MAD SIt (1IgM) 1 fadnSusefadans] 1Wu 0.5 wuRues Wiy
oulWurisit 37 ssmwadea Wunan 1 $alus mntuthlduddrmasidviandunan 1 und was

P lUauliwian 45 ssmwadea Wuan 2 F2lua

N13UsENaUYANTIEaU ICT kit

¥y Backing card fitadauniald 1 fu aennsza1udanianseRunlsves
Membrane 98nKkA19MHY membrane wuvatlulmseu aonnTzA1wUAN1IATIRILNUITD
Conjugate pad 88n LA¥INUHY conjugate pad Lhg membrane 1-2 faawns wuvasluliiseu
LaranNNIzAI¥UANIIATIAILNUITDY sample pad 99N LALINNLKEY sample pad LNEU
conjugate pad 1-2 fadwns wuvaslilmseu asnnseaulnn1insesininuaues Wick oon wag
219Uy wick 4ne membrane 1-2 fadwns wuvaslUlfiSou andusnaoriesinnszaulig
a1y 4 fiadiuns o ICT strip 13lugs Aluminium foil ilwesganuiu wazifud
pangiiviesiiuris (Fesiiranauii)

[y

d’J Va o 1 1 U o 1 a dd‘ o
Yurilngli9uegseninanissesumediclailulaauianauivednduniziu NS1

984 Dengue virus wag NS1 protein 4849149 4 serotypes 310 A5, Feysy1 WNsTU nuI83Ve

ldidenganiiaiy ieldlunisnagaeu condition lun1smsiani NS1 protein Tusiega@sugiUae
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AAe Dengue virus Fea1aInaglasulululaauiaweufveffdwiziu NS1 989 Dengue virus
waz NS1 protein Aelwfiaunalny wagaztu1ml optimal condition UY8IYARNIITLAL WA
okl
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Y a ¢ 174
VDI ﬂ'a:‘U LLaSUDLeUDLLUS

(Discussion, Conclusion and Recommendation)

AzRI38lAlYd mouse monoclonal antibodies Ai® MABLDS wag MADLEL 191LWz 68
pathogenic Leptospira spp. Nhsun1suseiulagynnaiaiutaIinlnunIng mungauiae
W ldimuiugansianuy ICT WensanIuouRiauYeuda pathogenic Leptospira Tufiagnd
Nngthenillduazasdoinasinge Leptospira 3atun1s3deiilasumsiinuniniiegiainguae
2 < a o a o/ va o (% aa (% . . [ g.’/
Aoludsy ANUITWAMNAUEITELARAUIYNATIAITITeLsA leptospirosis tneld MAD 73
d04 clones \Jusnaduneudiauvende Leptospira ludaazvesthouasagldidadegUae
laegneudiugiunnoy (Saengaruk et al., 2002) WUNLTINYIVIANNIINGITYVOULAY LAY
Nursing Home n3amn+ a38738 dot-blot ELISA lagl4ia3a4 slot blot machine nen Jaaniz
USu1m5 300 pl a9ul nitrocellulose membrane #&991n block membrane 1y unrelated
proteins Wa2 Y1115 probe MILOURLAUVDITD Leptospira @1 MAbLD5 %38 MADLEL Wa7
develop @& @ 28 anti-mouse immunoglobulin-peroxidase conjugate & & ¢ chromogenic
substrate F9ianenanildnaiusranuaosinlusiaznsiuna 9819lsAf dot-blot ELISA famsios
iluies fURnas aetudadinniudesnisn1s3tedefisamsi8afuiieldidu therapeutic

. . aa [Y] 13 a [y . =)
guideline 119AAUN DULTUNUITDINITNAIUIYARTIVLUY immunochromatography 138 ICT

Y9391173381 wonandl FallanudeanisnsiladenenlsnvedUlsniiennisidarulsaniingy
91N1151N9AATNAREAUDBNANAUAD leptospirosis, Dengue virus infection Wag scrub typhus
A a a & A o = ya [y 1 [

willlasanuauveselemluamsues scrub typhus 83laifl Felatnisnnasiudtagimuye
MIINMBURLAUVBUYD Leptospira wag Dengue virus nau tagly reagents Nilaguailuvias

| Yo = v Aay vt Yo ¢ ¢
wausealussmalnewazldiegeduvesfUlienilidaslnsunnueuaenanmans1anse
WOV gU AUNTUIAG 3INAIATYIDIYTAIANST AMSUNNEAIANTATINIYNEIUIE
UYL UTND

YANTIIWUY ICT LilaNTIINMBURIUVDUTD Leptospira MWL sensitivity 100%
wazraauUaoy (False negative) 1Uu 0% TunisasramueuiauludsuvesiUieaelasunis

v 1

Aladeinfne Leptospira 9nN15nAaauLuY blind agdlsAdsuvedileiineldsun1sidede
Jfae Dengue virus 3 Tu 30 518 wasdsuveaireninelasunisiiadedndu scrub typhus
11 970 16 579 Minaunillensaanae ICT test kit NTRTIINMULDURLAUVDNTD Leptospira AU
ICT test kit 39gnA1UI0INd specificity 70%, accuracy 77% agrauinuasy 30% dunsudsud
1i5unn 60 s1elunsausn egslsnfiliosandsuyaieatuuisiedgns Alinalinseiunisnsiam
a a dy J Y & o a ¢ av vo a o
wouRuaffalanealsn scrub typhus wagldifien loe sa. 03, glyassas ladnuuy Nlasuyuide

Ias1amueufuefvewide Leptospira, Rickettsiae ay Dengue virus fatiutieidun1siudu
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AEEIF8 AU TUSAUTN Test lines ¥4 strips 31U 3 strips (@wndawiies 3 strips Lnsgle

oA IS =

deuTSuimdovesyausnli a. giulunun) Alinauinde Leptospira ICT test kit usiagld3u
n9ladeIndudsuvestie scrub typhus lUliasgimnlusaugae mass spectrometry (111013
npaeulng ue. a5, 954A Seunes AuvYmMansiundeu Sedanuileigiies proteomics way
mass spectrometry laglang) Uiﬂﬂgdﬂﬂwuiﬂiaumau%@ Orientia tsutsugamushi 8y
AMH)04 scrub typhus WU proteins na1e¥linves Leptospira ﬁqﬁwiﬁﬁa’jwéﬂwm%am
7o Leptospira 11N wagkauInUasuiuiazuuaindunauinaseinnii aﬁmmzﬁ%’a%ﬁw
mswmaau%%’mawmﬁaaﬁmﬂﬁwalﬁmiqﬁuﬁaaﬁﬁﬁq mass spectrometry Wag quantitative
real-time PCR ifiofuun1sitads selu lelé¥unaiuisuiisundumnanuauues o, gfiu udn
AzfIduadiunisianyansIa Dengue virus infection WUy ICT test kit Td1§aulo

115U monoclonal antibodies &g antigens ANaLie9n A3, Tayey1 WNSTUS
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ANS9UEAINANITIATIZATUSAUAY mass spectrometry

Protein No. Accession No. Protein Score  Protein mass  Peptide sequences
1 qi|476497264 GHKL domain protein [Leptospira terpstrae serovar Hualin str. LT 11-33 = ATCC 700639] 49 103363  IKNDVEIIK
2 gi|514181153 sulfate ABC transporter, ATP-binding protein [Leptospira fainei serovar Hurstbridge str. BUT 6] 40 40254  ELNLLPGEK
3 qi|514181847 hypothetical protein LEP1GSC058 2147 [Leptospira fainei serovar Hurstbridge str. BUT 6] 39 31873  VIYKEVTK
4 gi|293385562 putative holliday junction endodeoxyribonuclease protein [Leptospira interrogans serovar Lai str. 56601] 37 18597  LLLNVELLK
5 gi|410792802 hypothetical protein LEP1GSC163 3339 [Leptospira santarosai str. CBC379] 25 8250  IFCLELVLESLKLK
6 gi|24197463 methylamine utilization protein [Leptospira interrogans serovar Lai str. 56601] 25 11856  GFTVESLKIK
7 gi|167775648 Methyl-accepting chemotaxis protein [Leptospira biflexa serovar Patoc strain ~Patoc 1 (Ames)~] 25 77439  NQLERNDEIGGMAK
8 gi|463326212 putative lipoprotein [Leptospira alstonii serovar Sichuan str. 79601] 22 45228  NSNSNAVGNMACVLYSL
9 gi|384115590 acyltransferase [Leptospira licerasiae serovar Varillal str. VAR 010] 22 42784  FDSMIAGMLLAEYVDYRPVGESLGK
10 gi|514170332 hypothetical protein LEP1GSC103 0666 [Leptospira borgpetersenii serovar Javanica str. Ul 09931] 20 82131  MAKALGISETQLNK
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