DIAGNOSTIC KIT FOR RAPIDLY DIAGNOSING A DENGUE VIRUS, A METHOD OF PREPARING
THE DIAGNOSTIC KIT AND A METHOD OF RAPIDLY DIAGNOSING A DENGUE VIRUS USING
THE DIAGNOSTIC KIT FIELD OF THE TECHNOLOGY The present disclosure generally relates to
the rapid diagnosis and/or rapid detection of a dengue virus. In particular, the present disclosure

relates to theeapis lienosik NP LEDIA CietR e ENGRNOVR UEUE D AIOTRORENEPRARKGROUND

The dengue virus belongs to the virus family Flaviviridae. The dengue virus is believed to be the most

common atHFopBENEOECHEEAND A METREHIO T RRSREE SMCHIAAR Beh BB GHEYIBYSEBPIN Primarily

occurs through the bite of dengue virus intﬁ%&eglﬂr%mggﬁeqépf the genus Aedes and more specifically
of the Aedes species Aedes aegypti and Aedes albopictus. The mosquitoes require a warm climate

and, therefore, the dengue virus is mainly found in the tropical and subtropical regions of Asia, Africa,
Central America and South America. The dengue virus is transmitted to a mosquito of the genus
Aedes when the mosquito bites an individual infected with the dengue virus. It is estimated that every

year one hundred (100) million people pecproe mHeqtechwith dlay dengue virus. Infection with the
dengue virus can produce a wide spectrum of clinical manifestations. For example, manifestations can
range from an asymptomatic manifestation or a non-specific febrile illness to dengue fever or the

potentiallyfaial.denaye PRGRYLRBLIRFSHIGBIHE SRAEKSYERILRMRA FRINE RYELFIfAengue

hemorrhagic fever (DHF)/dengue shock syndrome (DSS) are major public health problems in tropical
and subtdmigaqe atustrlegarticular, the present disclosure relates to the rapid diagnosis and/or

rapid detection of a dengue virus by aggregation.

BACKGROUND

The dengue virus belongs to the virus family Flaviviridae. The dengue virus is believed to be
the most common arthropod-borne disease in the world. Transmission of the dengue virus
to people primarily occurs through the bite of dengue virus infected mosquitoes of the
genus Aedes and more specifically of the Aedes species Aedes aegypti and Aedes albopictus.
The mosquitoes require a warm climate and, therefore, the dengue virus is mainly found in
the tropical and subtropical regions of Asia, Africa, Central America and South America. The
dengue virus is transmitted to a mosquito of the genus Aedes when the mosquito bites an

individual infected with the dengue virus.

It is estimated that every year one hundred (100) million people become infected with the
dengue virus. Infection with the dengue virus can produce a wide spectrum of clinical
manifestations. For example, manifestations can range from an asymptomatic
manifestation or a non-specific febrile illness to dengue fever or the potentially fatal dengue
haemorrhagic fever/dengue shock syndrome. Dengue fever and dengue hemorrhagic fever
(DHF)/dengue shock syndrome (DSS) are major public health problems in tropical and

subtropical countries.



There are four strains of the dengue virus, which are called serotypes, and these are referred to as
dengue virus serotype 1 (DENV-1), dengue virus serotype 2 (DENV-2), dengue virus serotype 3
(DENV-3) and dengue virus serotype 4 (DENV-4). The four (4) serotypes of the dengue virus are
closely related at the genetic level. However, exposure to more than one serotype of the dengue virus
can be peinptialy fatalsThadoriortaTgRaRshat syt Famdansypuirsinfestiograre from dengue
haemorrhagic fever/dengue shock syndrome. Dengue hemorrhagic fever/dengue shock syndrome
occurs wHSArEefiFRIRAdeaBHEGUe serafvPar ifRFANMdEhggagH g wTsetoiY R A SBENN A fifshEkeotype of
the denaye, s gL ALNSIRS 1 1A EUNRE dEAROUSFoI90al BRRIUAT AR QRS INGsnaue virus.
The immune response produces specific antibodies tothat particular dengue virus serotype's surface
proteins. tHevevgure airtisce ey elok ely anl atéelctior engoieinglevsk c oty seeotyppostithedenge ehamus, the
second serotﬁ e of the dena;ée virus will activate the,imrﬁunis;@setem and tnfclf it T%? immune
system wit SRR 5T LRYEYE SPhRSRIGNEUNIEES i RWAHE Pl CEarba HE bt dengue
virus. ThersrnauRgueyaieRpradiores @ rdpp diasstian yuith birsh icthe ydesguprisirs pidharecond
serotype of the dengue virus but do not inactivate the second serotype of the dengue virus. Thus, the
immune system responds by attracting numerous white blood cells (macrophages) that are supposed
to removp dhg REGIRE PRI RSO S SRNGHIE VUV IR DRl NFIRACINR SORRNY 3etRbRe of the
dengue virus'infects the white blood cells. This makes the viral infection much more acute. The
cytokinesnasteasdnitint deagisoyircaustectiereeristbhivlatist ecy tywenrhthpatengaddrushaictl results in
hemorrhagic fever, and gk lose Tom plaed wesselr, T daie. ere.ale noeffective anfirg) drugs of
vaccines Availanie rl‘loPn[reatlng o%ngue VIrUS tntections. Al tHe avaﬂab & Featments for R}plcaledengue
infections & Ayepisdnadicshasitid amtbatienab YRy edfeicive. dbligus oiavasiedly sklsgs dasaccines
currently available, rapid and accurate diagnosis of dengue infections is important for better patient

managerRENE Sr &%Wﬁﬁﬁf'ég At HEspYRNE of A L estipe RS 3R aRILRA 8 Ne 288D medical

care is linpitgdl th becc8HE 0t QR sendardeis danpanswirys ingnasinandddepiticatian wvelves viral
isolation in cell cultures or Toxorhynchites species mosquito larvae followed by direct 2 detection

using imrituhBeioreysenyetePWH alfagk thihse sertirers Balr @llthecdrnglgadrupnastibinedsgéssonnel to

5%, AASLt9R, YAl olaieB ALY JRKESJRIGRL faR SRYSR davs to

operate the cell gultursacily
complete. %WO otﬁ}ér tec%%que ave also been show use engue virus diagnosis, such

as, the emnzymetiinkedoitvinuoidber beminassaytipe| Ahaddrgad-tims bevelsedtansdiltesthpolymerase

chain reaction RT-PCR)(.%FEW ver, EL|SA takes %t least about 6 hours to complq[te V\g(hile the entire
real-time RCPER RiéBTcY tARSEABBUY 540l Ee CSHPIBHNSHYFRE "R 9B4M RS Y B8R method

requires adgitpnal WRRE BloBdhaneling vt dacy eases he piskse 8ft6 QBB BliDBeabskdor
cross-contamination of specimens.
serotype of the dengue virus. However, instead the second serotype of the dengue virus
infects the white blood cells. This makes the viral infection much more acute. The cytokines
released by the body cause the endothelial tissue to become permeable, which results in

hemorrhagic fever and fluid loss from blood vessels.

To date, there are no effective antiviral drugs or vaccines available for treating dengue virus
infections. All the available treatments for typical dengue infections are symptomatic-based
and are not very effective. With no available drugs or vaccines currently available, rapid and
accurate diagnosis of dengue infections is important for better patient management, for
example, in hospitals, clinics, homes and/or remote areas where access to medical care is

limited.

The current gold standard for dengue virus diagnosis and identification involves viral

isolation in cell cultures or Toxorhynchites species mosquito larvae followed by direct

2



As can be seen from the above discussion, the known techniques currently being used in the art are
not appropriate for a rapid test kit for use at point of care. Instead, these techniques are expensive and
time consuming. Thus, there is an urgent need for a diagnostic kit for rapidly diagnosing or rapidly
detecting dengue virus infections and/or a method for rapidly diagnosing or rapidly detecting dengue

virus infegipneise lbRkSANRMBALIBAsaR_YRMNE N waleba R Hagd iR cSHMMARY e LiRgENt
disclosure relates to a diagnostic kit for rapidly diagnosing a dengue virus, a method of preparing the

diagnostit ¥netheessaieida epeapieipeictihosiveedpebtiesting e Hpassrruich SelatiguesHal in a
sample 'p&q & i %sg&gﬁdg ?tgi %i(% kit for rapidly diagnosing a dengue virus and the
method Lcj)t%lrapigly g%%osing a de%gueg%ﬁs using the diagnostic kit of the present disclosure can
generate specific diagnostic results in about 15 minutes or less. Further the diagnostic kit for rapidly
diagnosing a dengue virus and the method of rapidly diagnpsing a dengye virus using the diagnostic
it of the BT PUETHRGHEE SR e B QUFAEy ) AL SPSBYE B G LRED T8 Ty andlor
detecting:rle agrandrisisdestinnadserpsamaies (ELBA, dhe diagnastie ki fetraniehygiggnosing a
dengue virus and the method of rapidly diagnosing a dengue virus using the diagnostic kit of the

present RSBIBRIASLFRAIN" BAFEIRMIRE é&?vg*amﬁdeﬁkéié tkridte SremtaNR e for dengue virus
infections. SResRiY WRREAHE A RALGRL MARAAFPER AN Ja RIRMNG Hig 4keliroed ihprauery from

dengue virus infections. In embodiments, the samples can be clinical samples and/or biological
samples.Furtderhdeitmesit mh & ERGPIos ttawd beabicte gideitibniel sashheR handlingodiebritsrehsebiological

fluid can he pJa}(smg serum spinal f|él d Ic\émsph fluid s|¥r1[ovial luid, .urine or tears. A first aspect of the
e risks o tonteHnlha |onﬁ1n c{of 0ss-contamination o .spke(f'lfnens. . . ;

present disclosure provides a method of preparing a diagnostic Kit Tor rapidly diagnosing a dengue

virus that can comprise: designing a first oligonucleotide comprising a sequence that is complementary

to a target sequence of the dengue virus; providing a plurality of carbon nanotubes; and providing a

plurality GP <SPS 5E0HE ThiB AR PndAtE S RO THRRHEP P SRS PAITHG SCHIEGHOSRE RE UREIES above

can furthgrGREREISS HRSIBRIRO G %er%%lﬂt@!;@ﬂﬂ?&l%@g% E&Wﬁié‘&?lﬁ@%‘a?%&'&%&niques
complementary to the target sequence of the dengue virus. In embodiments, the target sequence of

the dengake Arasnsve eompmecanavgengequence of the NS1 region of the dengue virus. In
embodiments, the first oligonucleotide comprises a sequence that is complementary to the target
sequence of the NS1 region of the dengue virus and the second oligonucleotide comprises a
sequencédhbsgttiseceolinple nrgatanyetadtfe tedgehsstjukitderab thid \\Ndg negiog @f tingdig dgtesting!s.

dengue virus infections and/or a method for rapidly diagnosing or rapidly detecting dengue

virus infections so that earlier patient management can be carried out.

SUMMARY

The present disclosure relates to a diagnostic kit for rapidly diagnosing a dengue virus, a
method of preparing the diagnostic kit and a method of rapidly diagnosing or detecting the
presence of a dengue virus in a sample using the diagnostic kit. The diagnostic kit for rapidly
diagnosing a dengue virus and the method of rapidly diagnosing a dengue virus using the
diagnostic kit of the present disclosure can generate specific diagnostic results in about 15

minutes or less.

Further the diagnostic kit for rapidly diagnosing a dengue virus and the method of rapidly
diagnosing a dengue virus using the diagnostic kit of the present disclosure can have an

accuracy or efficiency of 98% or greater in diagnosing and/or detecting dengue virus
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In embodiments, the carbon nanotubes can be single walled carbon nanotubes. In embodiments, the
single walled carbon nanotubes are carboxylated single walled carbon nanotubes. In embodiments,
the solid supports can be magnetic beads. In embodiments, the plurality of magnetic beads can be
streptavidin functionalized magnetic beads or carboxylic acid functionalized magnetic beads. In

embod_lmﬁm&iya@ ﬂlﬁﬂ%ﬁbﬁ&ﬁeﬂ%ﬁ?gﬁ _GEMRCHIWQF%FWQQE%%@Q JHF{Q% VPlERIee: _
designing the first oligonucleotide to function as a detection probe; tagging the first oligonucleotide with
a NH2 fugisieihgeRfp aidhvelzeansing éenasteolifenvrnetieediagrnlpkiisfi§ansrieiity of the first
oligonuclgqti t rali Sj i n nanotube
based Iagle%gg?rﬁ}%m gg!gnﬂ%?qgﬁ'eg}r%e%wo%%g pgr@e{[?g%? ﬁgﬁ ag g@gﬁgs‘% iﬁ%&%’i}é@cj é@%%ggn further
comprisevidesigfieictip tise ssedy dnopigome et toahegetnenas red Gaqpiume g theetikebtingthting the
second oli onuclgotide' ta irbgthe econd OrLi on clg,otide with a NH functi)%nal.grob;g on the 3'end
of the seEorY BilgbRATCHSRYS:; NG IeaEBRsi 'S%I’g%ﬁ AT Gt tHES SBEUNE SRYSMUCIESAGRIBRITE plurality
of magnefipseasisitgiintamplesalityephssdivgated neagnaiiesiands borsplRedimanmiiesmethod of
preparing a diagnostic kit described above can further comprise: designing a third oligonucleotide

comprisifg Rl fIraY e IR Ripdasiss! dbtidiamm ity e tpRy e g e BalfliAcl BPthBUsRy0e%Atus, wherein
the third gligpnygletidefunctions as a negative control sequence. In embodiments, the method of
preparing a diagnostic kit described above can further comprise: hybridising the plurality of carbon
nanotube labels with the plurality of conjugated magnetic beads to form a mixture of the plurality of

carbon nanotube based.labels and the,plurality of conju d magnetic.beads. In embodiments, a
AR b s ppia S v e e e
and the phpalijydaigenjugatedniagvietictheacncamipeiralidigding arfedesligobeaclbogdabodiments, the
dengue virus can be dengue virus serotype 1 (DENV-1), dengue virus serotype 2 (DENV-2), dengue

virus serGRPRSINSENRASS HEdOAL s ViRpLesarBiopeta FiRERRY A5 NN A eR8 t Widhresent
disclosurg,Brpyicies BHaRRstia b iardRmighesiagnpsiam g anaua Wyus sieeis tiesdiagnostic kit

can be prepared accorded to the method of preparing a diagnostic kit described above.
In embodiments, the method of preparing a diagnostic kit described above can further
comprise designing a second oligonucleotide comprising a sequence that is complementary

to the target sequence of the dengue virus.

In embodiments, the target sequence of the dengue virus can comprise a target sequence of
the NS1 region of the dengue virus. In embodiments, the first oligonucleotide comprises a
sequence that is complementary to the target sequence of the NS1 region of the dengue
virus and the second oligonucleotide comprises a sequence that is complementary to the

target sequence of the NS1 region of the dengue virus.

In embodiments, the carbon nanotubes can be single walled carbon nanotubes. In
embodiments, the single walled carbon nanotubes are carboxylated single walled carbon

nanotubes.

In embodiments, the solid supports can be magnetic beads. In embodiments, the plurality
of magnetic beads can be streptavidin functionalized magnetic beads or carboxylic acid

functionalized magnetic beads.



A third aspect of the present disclosure provides a diagnostic kit for rapidly diagnosing a dengue virus
that can comprise: a mixture of a plurality of carbon nanotube based labels and a plurality of
conjugated magnetic beads, wherein the plurality of carbon nanotube labels are hybridised with the
plurality of conjugated magnetic beads, and wherein the mixture is provided in one test tube. In

embodimgnispb&RkHalihetatandianetdbadaankiRlalswl e sacspmpting a plurality of
a first oligonucleotide hybridised to a plurality of single walled carbon nanotubes, and the first

oligonucledmds i edenpiista fish abereughentise serpritienRey (e tectirfepalpuéaginsrtie dengue
virus. In ¢ i e first, oli ide f jo , i . irsk.
oligonucﬁélggggﬁ%rg%gﬁ%i% a? é&%ﬂ#ﬂ&?@bﬁgl g%%%i t%e§5('éesrt§18§f t eg { irz?g%%gjg?gﬁ%de to

facilitate aybhdisidisingé thlerpluyadityhef fine HfigbokigEaticle vtideetplthelipjuvblityste sialifd veabed carbon

tubes to form the plurality of carb tube based labels. In embodiments, the plurality of
congatd BLSRE P TR AL L SR BHEE & B AI7E1 EBRAnd oigonucieotide immobilied o a

plurality of magnetic beads, and the second oligonucleotide can comprise a sequence that is
complementary to the tar%eg sequence of the dengue virus. In embodiments, the second

oligonuclEbei@edieaBks he metind el proparinge shestrr ikt secrstinserRomy fatdherand the
second oligpueleeiide ismpaaed vy 3INBIR RO &) AiRLRA 3RO BiR SEeRATIating

oligonucleotide to facilitate the immobilisation of the plurality of the second oligonucleotide to the
plurality éhersegnetoligenisieofiten thggingithkityesp odgligrited antige atithzelts fun@mba dirments, the

target segence of s dengue vifs can comipriee & arel seauence of the sjiedian,of the dengue
virus. In embodiments, the p‘?ural y 0f magne ic beads are sfrepr}%vi in funttona |zed°magnetic beads
or carboxyllgvacidebuiddionetiz @il ralignsitio Hgrdis. dsaenleoidiments utb it gisfgwegtigakéiodescribed above
can further comprise: a third oligonucleotide comprising a sequence that is non-complementary to the
target seABREEOPERE dengue virus, wherein the third oligonucleotide functions as a negative control
sequence, and wherein a plurality of the third oligonucleotide is provided in the one test tube. In
embodiments, the dengue virus can be dengue virus serotype 1 (DENV-1), dengue virus serotype 2

(DENV-2}) gevheaénmenis, $beongie B (@ Prepa3NgraddingnesUirkl deseriss aqoeamiurther
comprise: designing a third oligonucleotide comprising a sequence that is non-
complementary to the target sequence of the dengue virus, wherein the third

oligonucleotide functions as a negative control sequence.

In embodiments, the method of preparing a diagnostic kit described above can further
comprise: hybridising the plurality of carbon nanotube labels with the plurality of
conjugated magnetic beads to form a mixture of the plurality of carbon nanotube based

labels and the plurality of conjugated magnetic beads.

In embodiments, a plurality of the third oligonucleotide and the mixture of the plurality of
carbon nanotube based labels and the plurality of conjugated magnetic beads can be

provided in one test tube.

In embodiments, the dengue virus can be dengue virus serotype 1 (DENV-1), dengue virus
serotype 2 (DENV-2), dengue virus serotype 3 (DENV-3) or dengue virus serotype 4 (DENV-
4).



A fourth aspect of the present disclosure provides a method of rapidly diagnosing a dengue virus that
can comprise: providing the diagnostic kit described above; providing target ribonucleic acid

(hereinafter 'RNA") of the dengue virus; and adding the target RNA of the dengue virus to the mixture
of the plurality of carbon nanotube-based labels and the plurality of conjugated magnetic beads in the

one test Wb&.JAEIEPQAiIBIRRESy s RIWREOFCRFBRRAANGRIIR-RRIGH RIS AP ithe Hality of

conjugated magnetic beads aggregate in the presence of the target RNA of the dengue virus. In

embodin#&nauehdr g vaeyein caesbipenasittiBinse drapeishirs ereed|tpdhs Betmg Riated magnetic
beads a%g,reefgﬂﬁﬁig qug%%ﬁ‘éﬁlﬁe%ggéhse@%%ﬁﬁNA of the dengue virus to form dark coloured
s.lne

complex bodiments, the formation o deairk coloured complexes allows for visual detection of
the target RNA of the dengue virus. In embodiments, the dark coloured complexes are dark brown. In

bodiments, th tion of the plurality of carb tube-based labels and the plurality of
conjugatdd WAGHERE A R SBLANEIReLIT P YBREa MRS Hid GalgEI AR ngue vius

added todbeguuxiiie.thyecahedimeivs, sheidenrg oea/plustandiIe #0668 Wanditus S8R He(DENV-1),
dengue virus serotype 2 (DENV-2), dengue virus serotype 3 (DENV-3) or dengue virus serotype 4

(DENV4)21{ 2 RIBGR]IH MO iv8 IR MAREASIthedarVES ISt dReIMTBIEXSS E2R PRNFEREYREd in about
15 minutes, ofs Isssh AekitbeydiAgnesis RFNe deonfvius AR aRdaisyed in Arautitgpinutes or less.

In embodiments, the formation of the dark coloured complexes can be generated in about 10 minutes
or less, amikthee diayyneisiedontheedentjiubeirus can be achieved in about 10 minutes or less. In
embodiments, the formation of the dark coloured complexes can be generated in about 5 minutes or
less, and the diagnosis of the dengue virus can be achieved in about 5 minutes or less. In
embodimernds\tibeirdant s oheysraatioygflexen ane datkderougadl b esiusdineents;uikecamatbomh odaapidly
diagnosing a dengue virus described above can have an accuracy of about 98% or greater for

diagnosifPHER iR fefirmi isanesieRiifin BxRsidisedthe Bl e i St ala gl 6388 gue virus can

have an %ﬁHE@BXs‘?_Bﬁ@@H& ﬁ%%%%&ﬁ@@l@dtf@é dironnag dnesdenava Yirkisis |Eb€rfoé‘Pﬁ’ém%W5tothe
method of rapidly diagnosing a dengue virus can have an accuracy of about 100% for diagnosing the

dengue \AriRsERY enBeMmehitee BrnavetMisEsof rapidly diagnosing a dengue virus can have a specificity
of about 98% or greater for diagnosing the dengue virus. In embodiments, the method of rapidly
diagnosing a dengue virus can have a specificity of about 99% or greater for diagnosing the dengue
virus. Thénraethodi roénapithy @ agolising dedéidg denvitios Casaldate dispecdlatyaofl abetitst00% for

di ing the dengue virus. A fifth t th t discl id thod of [
diagnostit BT FADIOR tABREHE e IR La 9 A BRI B8 B irus serotype 2

(DENV-2yjidlengiieovides s eseiitaeeh(BER4 tiredict itke privelivi s theratypsliddie ivtide to the
plurality of single walled carbon nanotubes to form the plurality of carbon nanotube based

labels.

In embodiments, the plurality of conjugated beads of the mixture can comprise a plurality of
a second oligonucleotide immobilised to a plurality of magnetic beads, and the second
oligonucleotide can comprise a sequence that is complementary to the target sequence of

the dengue virus.

In embodiments, the second oligonucleotide functions as a capture probe, the second
oligonucleotide is biotinylated, and the second oligonucleotide is tagged with a NH,
functional group on the 3’end of the second oligonucleotide to facilitate the immobilisation
of the plurality of the second oligonucleotide to the plurality of magnetic beads to form the

plurality of conjugated magnetic beads.



A sixth aspect of the present disclosure provides a diagnostic kit for rapidly diagnosing dengue virus
serotype 1 (DENV-1), dengue virus serotype 2 (DENV-2), dengue virus serotype 3 (DENV-3) and
dengue virus serotype 4 (DENV-4). A seventh aspect of the present disclosure provides a method of
rapidly diagnosing dengue virus serotype 1 (DENV-1), dengue virus serotype 2 (DENV-2), dengue
Virus sergiynar RN 3hanshdangee sArS s eRetyBsA d DEN Vo) cBRIFR RESER RGO THE
DRAWINGS Embodiments of the present disclosure are described herein with reference to the
drawingstie Waikregoa of tie deages thelfhybridisation or conjugation of an oligonucleotide detection
probe to a single walled carbon nanotube by diimide-activated amidation in accordance with an
embodiment of the present disclosure. FIG. 2 is a schematic diagram of a carbon nanotube based
label in atcemt@timevith, Amegrhivaliiyremhagibgqivesdns ai stteptadd il in8iie ri3lzdldi stiageetiie

aggregat'ﬁ)n f carbchn nﬂnotuaﬁt based I?be s and con u%e ted magnetic beads in the presence of a
target de a > NrG& BRI éﬂ&t'(m:aréﬁﬁ ﬁé?gpﬁ\tl'ﬁ\#% uence to form dark coloured complexes
with the target dengue virus RNA sequence in accordance with an embodiment of the present
disclosure. The formation of dark coloured complexes allows for visual detection of the target dengue

virus RNA #TBodimanisytie diaen pititdi d e H BB ARG Fam U isReroiAMRIGTe of #FR coloured
Comp'eX%%g&hﬁeléoh@@c%w&ﬁaHgH%&gnc@*e%t a§ﬂ&9@%&Eménﬁambw%ggé@@é%M&Sequence

is present. FIG. 3B illustrates the principle of aggregation and the formation of dark coloured
complexe$ hheaterglewiconosherzioth(. thirdishgo 2us| agtide) fohdienarget desajive vink®NA sequence

s present, £1G, 3C llystiates Ine s of ansaatis contiol, FIG, Aa B liitates e sffect of the
concentration of the target dengue viru seqguence present on the aggregation an e formation

of dark celtwéred complexes. FIG. 4A illustrates the effect of the concentration of the target dengue
virus serotype type 1 (DENV-1) RNA sequence present on the aggregation and the formation of dark
coloured complexes. FIG. 4B illustrates the effect of the concentration of the target dengue virus

serotype 3 EfENYma RN SRRHEDES RIS SsRLRMEHE ROAFEYabRRRc the:fpymptipm af dartcoloured

complexes. FIG. 4C illustrates the effect of the concentration of the target dengue virus serotype 3
(DENV-3JeRMMSEA(ENE Drsleagte vitHe wgrerd dREANG Therfaentifori'of derrteptotitBENYmplexes.
FIG. 4D iﬂ strates the effect of the concentration of the target dengue virus serotype 4 (DENV-4) RNA
sequence present on the aggregation and the formation of dark coloured complexes. FIG. 4E
illustrates the effect of the concentration of the target pan-dengue virus RNA sequence present on the
r ' nd the formation of dark r mpl .

agg egatlA?Poart gs%egt g}atﬂg pPesgﬁt di%glgyuFedpcégvicﬁ)e?)éen%ethod of rapidly diagnosing a dengue

virus that can comprise: providing the diagnostic kit described above; providing target

ribonucleic acid (hereinafter ‘RNA’) of the dengue virus; and adding the target RNA of the

dengue virus to the mixture of the plurality of carbon nanotube-based labels and the

plurality of conjugated magnetic beads in the one test tube.

In embodiments, the plurality of carbon nanotube-based labels and the plurality of
conjugated magnetic beads aggregate in the presence of the target RNA of the dengue
virus. In embodiments, the plurality of carbon nanotube-based labels and the plurality of
conjugated magnetic beads aggregate in the presence of the target RNA of the dengue virus
to form dark coloured complexes. In embodiments, the formation of dark coloured
complexes allows for visual detection of the target RNA of the dengue virus. In

embodiments, the dark coloured complexes are dark brown.



DETAILED DESCRIPTION In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The illustrative embodiments described in the
detailed description, drawings, and claims are not meant to be limiting. Other embodiments can be

utilized, apd QKYiCRANI AL R AR I B s Tingd M IhstaBEIb Rl RBRISh R REIDjeCt
matter presented herein. Unless specified otherwise, the terms "comprising" and "comprise" as used

herein, aRl tEnAI a00HSAIEE MIgRBTSITe e IrfleRaRdel) ripreespneepEation ahtiasveetditiage
such thatolh Mlégg \;ﬁﬁi}%gogég ents PM&@ 0 permit inclusion of additional, un-recited elements. As

used herelin, the term "about", in the context of concentrations of components, conditions, other
measurement values, etc., means +/- 5% of the stated value, or +/- 4% of 10 the stated value, or +/-

3% of the stated val +/- 2% of the stat lue, or +/- 1% of th lue, or +/- 0.5% of th
SRR o B A gt AR L e AT AN

disclosedénotyiangedonnal), datidding vardeipoodobRYtBpIeReFIAII I} Kak@s jeum@akigynerely for
convenience and brevity and should not be construed as an inflexible limitation on the scope of the
disclosed‘}anges. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible sub-ranges as well as individual numerical values within that range. For
example, description of a range such as from 1 to 6 should be considered to have specifically
disclosedrsatpadigesnssichafofroatiantof3hirslark aeleyrird gp i pbeXesrean Retgenefaied 2ne®Uurom 3 to 6

etc., as wal a5 individual numierswihin ihat 18098, (OLSAAPIE . 243, 45, 24 0 T apples
regardless of the Breadth 'of the rang€. As used herem, unless specitied otherwise, theterm
"diagnosiinntidesedetentzonb Aticidionatlye &smseidhefehs durlless speciftedtotbresyiiaa, tbe term
"diagnosing" includes detecting. ) ) )

generated in about 10 minutes or less, and the diagnosis of the dengue virus can be

achieved in about 10 minutes or less. In embodiments, the formation of the dark coloured

complexes can be generated in about 5 minutes or less, and the diagnosis of the dengue

virus can be achieved in about 5 minutes or less. In embodiments, the dark coloured

complexes are dark brown.

In embodiments, the method of rapidly diagnosing a dengue virus described above can have
an accuracy of about 98% or greater for diagnosing the dengue virus. In embodiments, the
method of rapidly diagnosing a dengue virus can have an accuracy of about 99% or greater
for diagnosing the dengue virus. In embodiments, the method of rapidly diagnosing a

dengue virus can have an accuracy of about 100% for diagnosing the dengue virus.

In embodiments, the method of rapidly diagnosing a dengue virus can have a specificity of
about 98% or greater for diagnosing the dengue virus. In embodiments, the method of
rapidly diagnosing a dengue virus can have a specificity of about 99% or greater for
diagnosing the dengue virus. The method of rapidly diagnosing a dengue virus can have a

specificity of about 100% for diagnosing the dengue virus.

A fifth aspect the present disclosure provides a method of preparing a diagnostic kit for
rapidly diagnosing dengue virus serotype 1 (DENV-1), dengue virus serotype 2 (DENV-2),
dengue virus serotype 3 (DENV-3) and dengue virus serotype 4 (DENV-4).
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The present disclosure relates to a diagnostic kit for rapidly diagnosing dengue viruses, a method of
preparing the diagnostic kit and a method of rapidly diagnosing or detecting the presence of dengue
viruses in samples using the diagnostic kit. The diagnostic kit for rapidly diagnosing a dengue virus
and the method of rapidly diagnosing a dengue virus using the diagnostic kit of the present disclosure
can generate specific diagnostic results in about 15 minutes or less, which is about one-twelfth (1/12)
of the time required by the presently known method of real-time PCR. Additionally, the method of
rapidly diAgidsierpectehthferrreentidipgaria righisisse idiagnasdipkident apsdhodiagnisingdes a one step
process ' - acti resQRhis '
|nstrume?ijtgsagr%a£2ﬁfr%gg§%ﬁ%riﬁg 'g?/;ﬁt?gtﬁ(? Elét?grs ?é%? I{?ré]lé;%ﬁosing%' ggr;%ng(zﬁrl%%%ﬂége method
of rapidly3diEjNdsihgra dengue wiuss esing ehe (Bigvidstic kit of the present disclosure can have an
accuracy or efficiency of 98% or greater in diagnosing and/or detecting dengue virus infections from
samples. In embodiments, the samples can be clinical samples and/or biological samples. In
embodimesésefin saippies tanphesbitlagital dhédermaplasnlaraalsdisprINGita sipipdiaat juid can be
plasma, serum, spinal fluid, lymph fluid, synovial fluid, urine or tears. Thus, the diagnostic kit for rapidly

diagnosiny s gerrjveevir(REANGYh 8N8HS Ot Bt SRHREN RIRGNALE) l8BRERIE HRFS IREHRS the diagnostic
kit of the @J’Q@@@)@ﬁ&'&éf-ﬂé@@ﬂﬂﬂ%&ﬁ@i@é‘h @j‘mi_yﬁ and accurate diagnostic or clinical testing for

dengue virus infections thereby improving patient management and improving the likelihood of
recovery from dengue virus infections. The method of rapidly diagnosing a dengue virus of the present
disclosure via the use of the diagnostic kit for rapidly diagnosing a dengue virus of the present
disclosure including carbon nanotubes and magnetic beads is by far the quickest and most accurate
method for diagnosing dengue VirBRIES. ES GRIGT) dheGHaIgESRAKIINGS rapidly diagnosing a dengue
virus and the method of rapidly diagnosing a dengue virus using the diagnostic kit of the present
disclosure readily meets the current market needs. The development of the diagnostic kit for rapidly

diagnosirg SifRanes \dryaapd bR BRI @ JaPidicARINOSIBE & AIS PedeEE S /alRQ thRiFiRgnostic
kit of the present disclosure Is based on the protocol of the diagnosis of dengue virus infections using

carbon nEh&hiBEs and magnetic beads, as well as sequences of dengue virus specific
oligonucleotides. Although the viral genomes of the Dengue viruses are available on the World Wide
Web, it is no small task or feat to design sequences of dengue virus specific oligonucleotides for
efficient &h@l adtusateaidigmbgisidfsdenguwe sonjsgafiections, aiguell dsotisabkstitigripeqiotocol for a

t d fast single test-tube reaction, O dvant; f the di tic kit and method of
Cing eSO B FECoR BRUGLEh DD R e B hE SO S ot

complicaterlbssih pre oIS pfareialiadyantage is the cost of the diagnostic kit of the present
disclosure, which substantially reduces the costs associated with screening. The diagnostic kit of the

present disclosure is inexpensively produced and provided at a low cost, which is especially necessary
for use I"FIG. 2 is a schematic diagram of a carbon nanotube based label in accordance with an

embodiment of the present disclosure.

FIG. 3A — 3C illustrate the aggregation of carbon nanotube based labels and conjugated
magnetic beads in the presence of a target dengue virus ribonucleic acid (hereinafter ‘RNA’)
sequence to form dark coloured complexes with the target dengue virus RNA sequence in
accordance with an embodiment of the present disclosure. The formation of dark coloured
complexes allows for visual detection of the target dengue virus RNA. FIG. 3A illustrates the
principle of aggregation and the formation of dark coloured complexes when a high
concentration (i.e., about 80 ng/uL) of the target dengue virus RNA sequence is present.
FIG. 3B illustrates the principle of aggregation and the formation of dark coloured
complexes when a low concentration (i.e., about 2.5 ng/uL) of the target dengue virus RNA

sequence is present. FIG. 3C illustrates the use of a negative control.
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remote locations and doctor's offices. Yet another advantage of the diagnostic kit and method of using
thereof of the present disclosure is the rapid diagnostic result provided, the excellent accuracy
provided, and the excellent specificity provided. The present disclosure relates to a method of
preparing a diagnostic kit for rapidly diagnosing a dengue virus that can comprise: designing a first
oligonucleotide comprising a genetic sequence that is complementary to a target genetic sequence of
the dengue virus; providing a plurality of carbon nanotubes; and providing a plurality of solid supports.

In empocﬁfﬁeﬁfs,‘_‘ﬁ'iﬂq’ﬁé@ﬁ@ﬂtb@ sféqsénﬁ@_a ERAGRDERE Kit @‘ftﬂmtpré%bmrmsemw&én further
comprise;designing a:3Geanq 8%%&5‘%?&W§n%°m&¥bﬁﬁ%ﬁoﬂ%?%%? eeReeHIRbIs,Eemptementary to

g
the target genetic Ssequence of the dengue virus. In embodiments, the target genetic sequence of the
dengue AAIgl ggtnatestipe séfectarjdtegemetiotsegoe nE ehefttrgdl 8dngegioimof e gprdgypevirus. In

bodi th b tub be single walled tubes. | diments, th
Cinglo wa PR TSR DR AFaech oD Tee CA B A EAPEOR R EhBLeCAPH R Bociments,
the solid sstppriiecandiaiagaeiic bardsiiresnbrdicris: thr pbr it sfgaagngiie bpads can be

streptavidin functionalized magnetic beads or carboxylic acid functionalized magnetic beads. In

embodinERedY RS tRENYPOR PR e RERFROL A KRestarregEcR anditedireation RiidREr comprise:
designing fag, firgt BHaRBICle ffigleato; flUOFHes a5 ARIRTHANLEBRE HRgaBIIdh & irsh plggesigotide with

a NH2 functional group on the 5' end of the first oligonucleotide; and hybridising a plurality of the first
oligonucleintisiectotyre 3l (PANY -3 BiNglscusiect caelbent wartbribgss egdfdeman pinafioyrodttantzin nanotube

based labels. 1 stmbeciments, the, mefor of prepainga diagnesti Lot the present disglosure can
further comprise: eS|gn|n8 € Second oligonucleotide to function as a capture probe;

dengue virus serotype 4 (DENV-4) RNA sequence present on the aggregation and the

formation of dark coloured complexes. FIG. 4E illustrates the effect of the concentration of

the target pan-dengue virus RNA sequence present on the aggregation and the formation of

dark coloured complexes.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying drawings,
which form a part hereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The illustrative embodiments described in
the detailed description, drawings, and claims are not meant to be limiting. Other
embodiments can be utilized, and other changes can be made, without departing from the

spirit or scope of the subject matter presented herein.

Unless specified otherwise, the terms "comprising" and "comprise" as used herein, and
grammatical variants thereof, are intended to represent "open" or "inclusive" language such
that they include recited elements but also permit inclusion of additional, un-recited

elements.

As used herein, the term "about", in the context of concentrations of components,

conditions, other measurement values, etc., means +/- 5% of the stated value, or +/- 4% of

10



biotinylating the second oligonucleotide; tagging the second oligonucleotide with a NH2 functional
group on the 3'end of the second oligonucleotide; and immobilising a plurality of the second
oligonucleotide to the plurality of magnetic beads to form a plurality of conjugated magnetic beads. In
embodiments, the method of preparing a diagnostic kit of the present disclosure can further comprise:

designingf Kb QNI GEPIARCOMNISIRG @ BRNETT SPOpB R HBatdsaAIGENRIeMentarYHe the
target genetic sequence of the dengue virus, wherein the third oligonucleotide functions as a negative

control sétpieAvalus efmtiodinte ofsthpstatedneduss prepaPingbtbfgatedivakitof the present disclosure
can further comprise: hybridising the plurality of carbon nanotube labels with the plurality of conjugated
magnetic beads to form a mixture of the plurality of carbon nanotube based labels and the plurality of
conjugatdtnmnagietic e dds|dsuemnbathmemtd caipherakitynaf teedibotdseligonualegditterand the mixture of

the plurality of carbon nanotybe based labels and the plyrality of conjugated magnetic beagds can be
orovidea S o A3 R LB i 5o G HEHGIRS TR DI Sl O SRy
(DENV-1éatygared Whasigarotyrec 8riddmblyad b ipngwd i nisiseiotyse B Biahd/oB ) ies diengseivirus
serotype 4 (DENV4). The present disclosure also relates to a diagnostic kit for rapidl}/ diagnosing a

dengue Vir18evASFRT MEYVeIRG RSERIIORRT Béanassied hbesiisieced FadipwsBepfisaiding a

diagnostig; {IiREHNSIRFRSESN BRELOBU S IS PRRIAIL HIRClaS U S URIaRS 110 SlapRARiG kit inrapidly

diagnosing a dengue virus that can comprise: a mixture of a plurality of carbon nanotube based labels
and a pluratigrahetmjdestetiomaghetiarigeasdshwhénein tite phivelily lof canbidenedriotadeelabels are

hybridised with i, BIRINQL BOUHERISSLAINGHS PSS SR WS SIBAE B G IS REpyided in one
from 2 to 6, from 3 to 6 etc., as well as individual numbers within that range, for example, 1,

2,3,4,5,and 6. This applies regardless of the breadth of the range.

As used herein, unless specified otherwise, the term “diagnosis” includes detection.
Additionally, as used herein, unless specified otherwise, the term “diagnosing” includes

detecting.

The present disclosure relates to a diagnostic kit for rapidly diagnosing dengue viruses, a
method of preparing the diagnostic kit and a method of rapidly diagnosing or detecting the

presence of dengue viruses in samples using the diagnostic kit.

The diagnostic kit for rapidly diagnosing a dengue virus and the method of rapidly
diagnosing a dengue virus using the diagnostic kit of the present disclosure can generate
specific diagnostic results in about 15 minutes or less, which is about one-twelfth (1/12) of
the time required by the presently known method of real-time PCR. Additionally, the
method of rapidly diagnosing a dengue virus using the diagnostic kit of the present
disclosure includes a one step process and a fast single test-tube reaction that does not

require sophisticated and expensive instruments/machines.

Further the diagnostic kit for rapidly diagnosing a dengue virus and the method of rapidly
diagnosing a dengue virus using the diagnostic kit of the present disclosure can have an

accuracy or efficiency of 98% or greater in diagnosing and/or detecting dengue virus

11



In embodiments, the plurality of carbon nanotube based labels of the mixture can comprise a plurality
of a first oligonucleotide hybridised to a plurality of single walled carbon nanotubes, and the first

oligonucleotide can comprise a genetic sequence that is complementary to a target genetic sequence
of the dengue virus. In embodiments, the first oligonucleotide functions as a detection probe, and the

first oligopctegtde-intagaieyith ahibbaMarEORAL SRR QNSRS eflal (hm kst sligucleotide to

facilitate hybridisation of the plurality of the first oligonucleotide to the plurality of single walled carbon

nanptubééctl?wq*hsﬁiépdmrdnw r@b@dm@ﬁtﬁaﬁ@te@@ Fﬂasémasémlmiéahf_lb@i ﬁaémé«;%héj plurality of
conjugate BSS%eﬂftg;ﬁmagy‘&%‘rggi&ﬁ@l&‘a%’ﬁ'Eg g@é%'l}é{rgﬁﬁ‘é&ﬁ&%ﬂ!%%'ﬂm&?%\)m%'“Sed toa

plurality of magnetic the second oligonucleotide can comprise a genetic sequence that is
complemiduinthryrioetbe tisnget genetic sequence of the dengue virus. In embodiments, the second
oligonucleotide functions as a capture probe, the second oligonucleotide is biotinylated, and the
second oligonucleotide is tagged with a NH2 functional group on the 3'end of the second

oligonuclestigeHe dagiliaiectkie ionmehdisation ofite Rikraliyywwidhensegend aligarsfeigatiye to the
plurality of magnetic beads to form the plurality of conleJcP%ated magnetic beads. In embodiments, the

target geABBRAIRR IR OB NG WerRthR siaganstisi i hs RiRsenbdiseins wernanie &figirnis 1
region of dhe A6BAUR Yiysa10 smhrirentsidhgiRbualit g JoAgnes ReARs AR sSHeRLgyidin

functionalized magnetic beads or carboxylic acid functionalized magnetic beads. In embodiments, the
diagnostieritafintge ariest matisgtusent axwhifuptioringdimplikelihw ddief tdicpyeng ksotiddeogheyising a
genetic seauence that is non-complementary to the target genetic sequence of the dengue virus,

| ons.,. . . . . .
wherein the third oligonucleotide functions as a negative control sequence, and wherein a plurality of
the third oligonucleotide is provided in the one test tube.

The method of rapidly diagnosing a dengue virus of the present disclosure via the use of the
diagnostic kit for rapidly diagnosing a dengue virus of the present disclosure including
carbon nanotubes and magnetic beads is by far the quickest and most accurate method for
diagnosing dengue viruses. As such, the diagnostic kit for rapidly diagnosing a dengue virus
and the method of rapidly diagnosing a dengue virus using the diagnostic kit of the present

disclosure readily meets the current market needs.

The development of the diagnostic kit for rapidly diagnosing a dengue virus and the method
of rapidly diagnosing a dengue virus using the diagnostic kit of the present disclosure is
based on the protocol of the diagnosis of dengue virus infections using carbon nanotubes
and magnetic beads, as well as sequences of dengue virus specific oligonucleotides.
Although the viral genomes of the Dengue viruses are available on the World Wide Web, it
is no small task or feat to design sequences of dengue virus specific oligonucleotides for
efficient and accurate diagnosis of dengue virus infections, as well as establishing the

protocol for a one step process and fast single test-tube reaction.

One advantage of the diagnostic kit and method of using thereof of the present disclosure is
the ability to rapidly diagnose a dengue virus without complicated user protocols. Another
advantage is the cost of the diagnostic kit of the present disclosure, which substantially
reduces the costs associated with screening. The diagnostic kit of the present disclosure is

inexpensively produced and provided at a low cost, which is especially necessary for use in
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In embodiments, the dengue virus can be dengue virus serotype 1 (DENV-1), dengue virus serotype 2
(DENV-2), dengue virus serotype 3 (DENV-3) or dengue virus serotype 4 (DENV4). In embodiments,
the diagnostic kit of the present disclosure can be a rapid diagnostic kit for use at point of care. The
present disclosure also relates to a method of rapidly diagnosing a dengue virus that can comprise:
providinganirg NStk fidle R sesidiscloautmoRreYisiNgdaigetf BrsiHiseidi{iateinafter 'RNA)
of the dengue virus; and adding the target RNA of the dengue virus to the mixture of the plurality of
carbon n8rfshaseohusied tapeasiaidhp@istratiajssiosorpugthed anistiagieastadesittneoviedetiaube. In
embodimentsdfie,eLiAlRbFRGeR NPHR e AREA IARRIR AR iR plurally of conjugated magnetic
beads aggregate in the presence ¢f the target RNA of the dengue virus. In embodiments, the plurality
of carbon nanotube-based labels and the plurality of conjugated magnetic beads aggregate in the
presence of the target RNA of the dengue virus form dark coloured complexes with the target
A of t1BBIRgLE RO B AR B A P ISR e BT TEH LB AI. allows for visual

detectiond@fdhes tagged drbiie of iReBianane yifipsisk) essharimenist IR stk catliaereshastivipiexes are

dark brown. In embodiments, the aggregation of the plurality of carbon nanotube-based labels and the
plurality FESHALIRALENAAGREICABRISTIR MR hEeSETCBES BENE tartRAURNES Bf the RityGe Ut is

dependept QRdiie Q‘Bﬂﬁ%ﬂ{%i‘)&RJJH%JRB@&B&%&’HB%’EQ%‘?MM Hdshltauffioruxture. In

embodiments, the dengue virus can be dengue virus serotype 1 (DENV-1), dengue virus serotype 2
(DENV-2), dengue virus serotype 3 (DENV-3) or dengue virus serotype 4 (DENV4). In embodiments,

the formation of the dark coloured complexes can he generated . in about 1 inytes or less, and the
bR b T b Suc e GG R S el
formatiorfwtiiee cimnlp Gsialgeghtamplexasiesipheugeneitkiedipabiagald neincies anasshang the
diagnosis of the dengue virus can be achieved in about 10 minutes or less. In embodiments, the

formatiorf 3T HEMERKRES ISRt R TR bRSREL CafAHENSERE R ASRBMSOURYS minutes o less, and the

diagnosis of the dengue virus can be achieved in about 5 minutes or less. In embodiments, the
method of rapidly diagnosing a dengue virus described above can have an accuracy of about 98% or
greater fop arabpdisnegthéhiciaggrt gRoetiorseaHpoeRmEHS derehferiiyel Gy apiamyieRa1b8Rig a dengue

virus can%%ﬁgﬁ @égﬁ/gﬂg@@( mea,@”%?g/ﬂ of %rgag%tl’% \q}ﬁg.nosing the dengue virus. In embodiments,

the method of rapi lagnosing a dehgue virus can have an accuracy of about 100% for diagnosing
the dengue virus. In embodiments, the method of rapidly diagnosing a dengue virus can have a

ificity of t 98% for di ing the d irus. bodi ts, th thod of
apily RGOS BAEhADE G C L NAUECA SHLEReRg B ATIBE S50R U HEHIEF ol iagnosing the

dengue \érdBodirgeRtstings spidiRpidlyediagiesing motlangue & s sa/lbay ¢ s RpReIfidtypbakout 100%

for diagnosing the dengue virus.
nanotubes.

In embodiments, the solid supports can be magnetic beads. In embodiments, the plurality
of magnetic beads can be streptavidin functionalized magnetic beads or carboxylic acid

functionalized magnetic beads.

In embodiments, the method of preparing a diagnostic kit of the present disclosure can
further comprise: designing the first oligonucleotide to function as a detection probe;
tagging the first oligonucleotide with a NH; functional group on the 5’ end of the first
oligonucleotide; and hybridising a plurality of the first oligonucleotide to the plurality of

single walled carbon nanotubes to form a plurality of carbon nanotube based labels.

In embodiments, the method of preparing a diagnostic kit of the present disclosure can

further comprise: designing the second oligonucleotide to function as a capture probe;
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The present disclosure also relates to a method of preparing a diagnostic kit for rapidly diagnosing
dengue virus serotype 1 (DENV-1), dengue virus serotype 2 (DENV-2), dengue virus serotype 3
(DENV-3) and dengue virus serotype 4 (DENV-4). The present disclosure also relates to a diagnostic
kit for rapidly diagnosing dengue virus serotype 1 (DENV-1), dengue virus serotype 2 (DENV-2),

dengue ViiygRgs0lPhs {RBNYVoi st denareryisiasaroteeet GedhdRotiiemiradimants, all four
serotypes of the dengue virus (i.e., DENV-1, DENV-2, DENV-3 and DENV-4) can be diagnosed using

the diagyf@@ﬁéwabsm@pmeéémﬁﬁa@é@h@.wwﬁm@nw@aﬁémwém FRORIEENG am«éﬂ%uqf_f rapidly
d'aQ”OS'QH?ds%QSHS éﬁl‘%ﬁg@&ﬁes %@EW&W@MH@&Q{H SRR AR ENMIRY, sengue virus

serotype 3 (DENV-3 engue virus serotype 4 (DENV-4). In embodiments, all four serotypes of the
dengue vinngugae DEdMWeticDENY-2, DENV-3 and DENV-4) can be diagnosed using the method of
rapid dengue virus diagnosis of the present disclosure. In accordance with embodiments of the
present disclosure, the diagnostic kit for rapidly diagnosing dengue virus serotype 1 (DENV-1), dengue

Virus serqiyifbd NN, 2herens \SFys SRIoRgRediadABNY 13 GMnOp eBatgisdIskReEaly Pe 4
(DENV-4% can be a rapid diagnostic kit for use at point of care. EXAMPLE Preparation of

OligonucldEeESIBHATRE; HESHIY MBI VHigrnsersifiR coMERNE B88nstia SaHRBEEShgbitucleotides
were designed,iqJRraeh & sPecific fsgonahiie N3l degion allanaue Virs sarotrade@EV-1). A

first oligonucleotide was designed having a genetic nucleotide sequence that is complementary to a
target genkgionsetpotided widtienksslareegativsf ORENM-sedPRedirst oligonucleotide was designed to
function as detection probe (DP). The genetic nucleotide sequence of the first oligonucleotide is
designed to form a complex with the target genetic sequence of the target RNA of DENV-1. The first

oligonuclenéitie odas éagy ekt lsol dPplitepational dixguoart kiedh'teah ekt dikcialigerualeotide to
facilitate hybridisation of a plurality of the first oligonucleotide to a plurality of single walled carbon

nanotubdY TRRVRATEPEl FoRHPHRIRIP SY e P haTBRILRABatHRe Iakbsls With the plurality of

conjugated magnetic beads to form a mixture of the plurality of carbon nanotube based

labels and the plurality of conjugated magnetic beads.

In embodiments, a plurality of the third oligonucleotide and the mixture of the plurality of
carbon nanotube based labels and the plurality of conjugated magnetic beads can be

provided in one test tube.

In embodiments, the dengue virus can be dengue virus serotype 1 (DENV-1), dengue virus
serotype 2 (DENV-2), dengue virus serotype 3 (DENV-3) or dengue virus serotype 4 (DENV-
4).

The present disclosure also relates to a diagnostic kit for rapidly diagnosing a dengue virus,
wherein the diagnostic kit can be prepared according to a method of preparing a diagnostic

kit of the present disclosure.

The present disclosure relates to a diagnostic kit for rapidly diagnosing a dengue virus that
can comprise: a mixture of a plurality of carbon nanotube based labels and a plurality of
conjugated magnetic beads, wherein the plurality of carbon nanotube labels are hybridised
with the plurality of conjugated magnetic beads, and wherein the mixture is provided in one

test tube.
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A second oligonucleotide was designed having a genetic nucleotide sequence that is complementary
to the target genetic sequence of the NS1 region of DENV-1. The second oligonucleotide was
designed to function as a capture probe (CP). The genetic nucleotide sequence of the second
oligonucleotide is designed to form a complex with the target genetic sequence of the target RNA of
DENV-1. The second oligonucleotide was biotinylated and tagged with a NH2 functional group on the
3' end of the second oligonucleotide to facilitate the immobilisation of a plurality of the second

oligonucléutieedimpnisalite efurditneticapeerisandirpe AaskaddpglsOf ShpuyatedesagsefPrsads. In
one exa i - IG: f ' | j lj i to form
carboxyE%%é@&%ﬁéﬁﬁg%ﬁﬁn@gr%ﬁé ggggé@?sreeed gggﬁ%&%@?’l&ﬁnot ﬁgra et%ig%rﬁgle, the plurality of
magneticnbeatses mnfurhetibrsakidigd rwitte stidptavi domtor for i gstnepitasadire fwedtian &lised magnetic
beads. The inyentors found that the carboxylic acid functionalised magnetic beads were able to form
Jarger agG Rl R Y R T PSR LR NS BN Eric beads while the streptavidin
functionalised magnetic beads were more sensitive than the carboxylic acid functionalised magnetic
beads. A third oligonucleotide was designed having a genetic nucleotide sequence that is

non-com}l FpaptnEhesfigetalisnatie setide Hurbems e nesieteslion Braberppcitherisshird
oligonuclggtide was:Hesonedde J\HHPHNH%‘%&%ﬁigﬁoﬁgrgﬂr%e%ﬁﬁ(%ﬁ-tﬁ’é@ﬂﬁraﬂon of

Oligonuclectides for Diagnosing Dengue Virus Serotype 2 (DENV-2) A total of three oligonucleotides
were desiljgedudaatigetta Esddifie tediodisstibe o Sierelgiatityfadéhe fiesvipligosecbeppid 2H(DENV-2). A
first oligonucleotide was designed having a genetic pucleotide seguence that is complementary to a
target ooPEE g S e L BN A e T e RS
function &sbdrtection probe (DP). The genetic nucleotide sequence of the first oligonucleotide is
designed to form a complex with the target genetic sequence of the target RNA of DENV-2. The first
oligonucleotide was tagged with a NH2 functional group on the 5' end of the first oligonucleotide to
facilitate ybridisatiomel @h@'HT@JEMtQTo@"@on@é&@GM?BF'%% i@tQPéré‘é'ﬁYcefrﬁiﬂgéea‘/MﬁH%ﬂt%qun
nanotubes (SWNTSs) to form a plurality of carbon nanotube based labels. A second oligonucleotide
was designeerng\atigea iertirer neredtiied dgaane e thnofsergnplisrneptargnd the 1a¢ged genetic
sequence, A ORBIRNY 2 ki seqon olganuelsatis igpedyig function as a
capture prg%oéb?é’g%ﬁe gene{r}E nuc\‘feg?gétlntfelseqﬁlgnce o%?hr‘e seccEn(?n ﬁ%%r%ﬁeoggg% designed to
form a cqupitix vatluénedarfgeegiengtie giegauence of the target RNA of DENV-2. The second
oligonucleotide was biotinylated and tagged with a NH2 functional group on the 3' end of the second
oligonucleotide to facilitate the immobilisation of a plurality of the second oligonucleotide to a plurality

of magnatiehgridmieriestha plusalityidrrtideatRdronegprtieeasisul’ pRebexaraRiRote plurality of
magnetic beads were functionalised with carboxylic acid to form carboxylic acid functionalised

magneticohgauic(retide isdiatiswiniey, Rndribenisicardpigentstepiifalinyaseshyitdr Waads were
functionafizcd SHth SEEREY R S0 iR r srepiayifin figbRticrRaliRRA Magnelic Beagsmbbfiaventors

found that the carboxylic acid functionalised magnetic beads were able to form larger aggregates as
comparedftthstpéyprlitidof thastonadisdidanagaetiddtaiie whitelityeos msgizatidibefatectivfeiisdoemagnetic

beads were more §ensitive than the garboxcylic acid functionalised magnetic beads. A third
. urality of conjugate [naghetic beads.. : .
ollgonuclgotl e was Igned having a genetic nucleotide sequence that is non-complementary to the

target genetic sequence of the NS1 region of DENV-2. The third oligonucleotide was designed to
function as a negative control sequence, , ,
In embodiments, the target genetic sequence of the dengue virus can comprise a target

genetic sequence of the NS1 region of the dengue virus.

In embodiments, the plurality of magnetic beads are streptavidin functionalized magnetic

beads or carboxylic acid functionalized magnetic beads.

In embodiments, the diagnostic kit of the present disclosure can further comprise: a third
oligonucleotide comprising a genetic sequence that is non-complementary to the target

genetic sequence of the dengue virus, wherein the third oligonucleotide functions as a
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Preparation of Oligonucleotides for Diagnosing Dengue Virus Serotype 3 (DENV-3) A total of three
oligonucleotides were designed to target a specific region of the NS1 region of dengue virus serotype
3 (DENV-3). A first oligonucleotide was designed having a genetic nucleotide sequence that is
complementary to a target genetic sequence of the NS1 region of DENV-3. The first oligonucleotide

was desigpestite tomHanasudatectan wiheilRRIuTR/asREGRE BRI deatearePb TR drst

oligonucleotide is designed to form a complex with the target genetic sequence of the target RNA of
DENV-3.iTHeefrae dfigfdinbeleotide was tagged with a NH2 functional group on the 5' end of the first
oligonucleotide to facilitate hybridisation of a plurality of the first oligonucleotide to a plurality of single
walled carbon nanotubes (SWNTSs) to form a plurality of carbon nanotube based labels. A second
oligonucleotinibadirsatesighed drauingiaugeaetie dacpatideusaquenpe tHAREN\CGMpamentamysto the

target genetic sequ of the NS1 region of DENV-3. The second oligonucleotide igned to
fonction 38 8 VAP ID IV (O UR L G ARG BHY Sl AREE 6 TS RSP B D sotiae i
designedato form a complex with the target genetic sequence of the target RNA of DENV-3. The

second oligonucleotide was biotinylated and tagged with a NH2 functional group on the 3' end of the
second oligonucleotide to facilitate the immobilisation of a plurality of the second oligonucleotide to a

plurality f magpaiirAeadRda YA LI el auueaIedNAANSHHBSABiduigBRAYAMPIG, the

plurality of magnetic beads were functionalised with carboxylic acid to form carboxylic acid
functionaliseatpeigheficaseads (i.e., COOH-beads). In another example, the plurality of magnetic
beads were functionalised with streptavidin to form streptavidin functionalised magnetic beads. The
inventors found that the carboxylic acid functionalised magnetic beads were able to form larger
aggregateseas-esanpéisetbtorettdpiavidia sSumatrnat sk dfmaudietitdgaasiaghderdfieesieptensdin
functionalised magnetic beads were more sensitive than the carboxylic acid functionalised magnetic
beads. AGHHEPENYSHR: ARYdEg AL el HVG Y Grent A HEEB R YelpRiteShat is
non'ComH@dﬂ@ﬂ@%%th?eF@ﬁ%&&eﬂﬁ%@)%ﬁ%@'&@ﬁéﬂfﬂﬁdﬂ%%@ﬂ\ﬂ@@#ﬁ%RN'A%M@

oligonucleotide was designed to function as a negative control sequence. Preparation of

Oligonuchesedes forsbeddeosing Betighe MiAiSaotion tpENNkgpased labels and the

plurality of conjugated magnetic beads in the one test tube.

In embodiments, the plurality of carbon nanotube-based labels and the plurality of
conjugated magnetic beads aggregate in the presence of the target RNA of the dengue
virus. In embodiments, the plurality of carbon nanotube-based labels and the plurality of
conjugated magnetic beads aggregate in the presence of the target RNA of the dengue virus
and form dark coloured complexes with the target RNA of the dengue virus. In
embodiments, the formation of dark coloured complexes allows for visual detection of the
target RNA of the dengue virus. In embodiments, the dark coloured complexes are dark

brown.

In embodiments, the aggregation of the plurality of carbon nanotube-based labels and the
plurality of conjugated magnetic beads in the presence of the target RNA of the dengue
virus is dependent on the concentration of the target RNA of the dengue virus added to the

mixture.
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A total of three oligonucleotides were designed to target a specific region of the NS1 region of dengue
virus serotype 4 (DENV-4). A first oligonucleotide was designed having a genetic nucleotide sequence
that is complementary to a target genetic sequence of the NS1 region of DENV-4. The first
oligonucleotide was designed to function as detection probe (DP). The genetic nucleotide sequence of
the first qliganyslaRtidRsiseaicnge’ B lRra Reomenife Withsthe sy petqeriic Segpssreauhe target
RNA of DENV-4. The first oligonucleotide was tagged with a NH2 functional group on the 5' end of the
first oligotRielvesdel R MtHitate M8Hs HIsaterroIRE F(PENY-8) aidirausljoisrcesiae 4d REPVrality of
single wajled carbon nanotubes (SWNTSs) to form a plurality of carbon nanotube based labels. A
second oligonucleotide was designed having a genetic nucleotide sequence that is complementary to
the target genetic sequence of the NS1 region of DENV-4. The second oligonucleotide was designed

to function as a capture probe (CP). The genetic nucleotide sequence of the second oligonucleotide is
designed KRR IEOIES U i b G SUFEARE BFHTE (A1G2F AOR SHOER e
second ofigeanHatesitde-vastiatieydrigthan d taggadnyild dri¥ta fuciienal @ewpsyuins 3' end of the
second oligonucleotide to facilitate the immobilisation of a plurality of the second oligonucleotide to a

plurality SRYHEGHSfideBE e IORIME B tRRJSMIBINGAIEE ArilAeIRU FEkERMRIesRE @RbRple, the
plurality Qf.magnelis beads were-lectipnalised st arrbolicasd deformsarbexylic acid

functionaflised magnetic beads (i.e., COOH-beads). In another example, the plurality of magnetic
beads weehierectioreiizadL(ithrstteptavitin to fonpostine pragidine fionctidioalistth endayketiobestts. The
inventors foupd that (e, carboxylieagidunclonalised smagnelic beads were. alig (o Jorm, arger
aggregates £S compare& i s?rep?awdln functonalised maghetic sadesvhng fhe setrepr}%wdin
functionalisesloarapaatibibaatlis wesatrbonthaensiivesthan the carboxylic acid functionalised magnetic
beads. A third oligonucleotide was designed having a genetic nucleotide sequence that is
non-complementary to the target genetic sequence of the NS1 region of DENV-4. The third
oligonuclgpfide Muas £asignethia fen S AR ISSRNSCPaNY ReAHR W& TiBBlEab sRemAiFRGHY below
shows the specific nucleotide sequence of each of the oligonucleotides designed for diagnosing
DENV-1,3DERVICDE Rbat S$6 DESreae rHacHizgirsE oS tRRN S Btfcd N afekagtiiag ity H2&h dengue
virus ser 2 i e, Whil oli i igned for
each den o B R nding, ne
inventorsfolistagrereidghhe thengetedtion ¢f trebaldiorotie tixnsduguerfoa @id g diegecisong probe and the
selection pof the oligonucleotide squjence as a ca L§§ probe were Cri icag in achieving a faster and
more acclTA8E Lo B iRy AHgROS AP RS é EVRLEI3EBPURB MsIECRERR Yiigonucleotide
Sequence 1 that is complementary to a target sequence of the NS1 region of DENV-1 is used as a
detection probe and if the oligonucleotide Sequence 2 that is complementary to the target sequence of
the NS1 e§HRA DENY hesRide 48 i Riptv ARSI ERCIRNEHHOY Y R ARV aiagheefifgta fengue

virus of tQﬁ&I?é@%tdﬁ%Pé‘a%ﬁ Fol UL BROSHBI I IAGNARIIG TGS UFSIM BRAHT (D IKEER RRRFgrand can have

an accuracy of about 100% in diagnosing the dengue virus. However, if the oligonucleotide Sequence
1 that is capigiicdigtosin g eagyst \deepramoeané thepRFIctiygd AkoD 8/ gseaterdfars a capture probe

and if the oli on%cl%%idd% Se uencefgthat iﬁ}ggmplem ntgtlgl to the taa(r]%et seguence f the NS1 region

of DENijia 43¢ asadré%gct}ltl)wsﬁr g,ntﬁe Method o P’aplcﬁgocﬁlgénosn%uae 'erH'gsjﬁ%nvirahvs(3 Sf the

present dipetifitite ofidlboot geow tie dliggosisiic eddigsire ar@fficient manner and will not be accurate in
diagnosing the dengue virus.
The present disclosure also relates to a method of preparing a diagnostic kit for rapidly

diagnosing dengue virus serotype 1 (DENV-1), dengue virus serotype 2 (DENV-2), dengue
virus serotype 3 (DENV-3) and dengue virus serotype 4 (DENV-4).

The present disclosure also relates to a diagnostic kit for rapidly diagnosing dengue virus

serotype 1 (DENV-1), dengue virus serotype 2 (DENV-2), dengue virus serotype 3 (DENV-3)

and dengue virus serotype 4 (DENV-4). In embodiments, all four serotypes of the dengue
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Accordingly, surprisingly and unexpectedly, the selection and use of nucleotide sequences as a
detection probe to be hybridised or conjugated to single walled carbon 23 nanotubes or a capture
probe to be conjugated to streptavidin functionalised magnetic beads is critical to rapidly and
accurately diagnosing a dengue virus. Surprisingly and unexpectedly, the selection and use of

nucleotidgsrqUENBEN RS A0HRIPCHIERIRRR A BN Idinelali sanyediathiPrhinglsnadied@arbon

nanotubes or a capture probe to be conjugated to streptavidin functionalised magnetic beads is critical
to the aggfébamsasentistseamsn nanotube labels and conjugated magnetic beads and the formation of
the dark coloured complexes with the target dengue virus RNA. Table 1: Nucleotide sequence of each
of the oligonucleotides designed for diagnosing Dengue Virus type 1 to 4. Primer/Probe Nucleotide
Sequenceéhbpreé3gnt disclosure also relates to a method of rapidly diagnosing dengue virus serotype

1 (DENV-1), dengue virus serotype 2 (DENV-2), dengue virus serotype 3 (DENV-3) and
dengue virus serotype 4 (DENV-4). In embodiments, all four serotypes of the dengue virus
(i.e., DENV-1, DENV-2, DENV-3 and DENV-4) can be diagnosed using the method of rapid

dengue virus diagnosis of the present disclosure.
In accordance with embodiments of the present disclosure, the diagnostic kit for rapidly
diagnosing dengue virus serotype 1 (DENV-1), dengue virus serotype 2 (DENV-2), dengue

virus serotype 3 (DENV-3) and/or dengue virus serotype 4 (DENV-4) can be a rapid

diagnostic kit for use at point of care.

EXAMPLE

Preparation of Oligonucleotides for Diagnosing Dengue Virus Serotype 1 (DENV-1)

A total of three oligonucleotides were designed to target a specific region of the NS1
region of dengue virus serotype 1 (DENV-1). A first oligonucleotide was designed
having a genetic nucleotide sequence that is complementary to a target genetic
sequence of the NS1 region of DENV-1. The first oligonucleotide was designed to
function as detection probe (DP). The genetic nucleotide sequence of the first
oligonucleotide is designed to form a complex with the target genetic sequence of the
target RNA of DENV-1. The first oligonucleotide was tagged with a NH, functional
group on the 5’ end of the first oligonucleotide to facilitate hybridisation of a plurality
of the first oligonucleotide to a plurality of single walled carbon nanotubes (SWNTs) to

form a plurality of carbon nanotube based labels.
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DEN V-1: Sequence 1 CA OCT TCC AGO TCT COT TCT DEN V-1: Sequence 2 CA TAG ACT GTG
GGA TTT TOO CCA GAT ACATOT TTT CAC TTC TAT/3Bio DENV-2: Sequence 1 CTG TTT CAC
GGC CAT TAA DENV-2: Sequence 2 C AAC TTC CAC CGAOTT CCAGGC TCT OTT TOT
GTT/3Bio

A second oligonucleotide was designed having a genetic nucleotide sequence that is
complementary to the target genetic sequence of the NS1 region of DENV-1. The
second oligonucleotide was designed to function as a capture probe (CP). The genetic
nucleotide sequence of the second oligonucleotide is designed to form a complex with
the target genetic sequence of the target RNA of DENV-1. The second oligonucleotide
was biotinylated and tagged with a NH, functional group on the 3’ end of the second
oligonucleotide to facilitate the immobilisation of a plurality of the second
oligonucleotide to a plurality of magnetic beads to form a plurality of conjugated

magnetic beads.

In one example, the plurality of magnetic beads were functionalised with carboxylic
acid to form carboxylic acid functionalised magnetic beads (i.e., COOH-beads). In
another example, the plurality of magnetic beads were functionalised with
streptavidin to form streptavidin functionalised magnetic beads. The inventors found
that the carboxylic acid functionalised magnetic beads were able to form larger
aggregates as compared to streptavidin functionalised magnetic beads while the
streptavidin functionalised magnetic beads were more sensitive than the carboxylic

acid functionalised magnetic beads.
A third oligonucleotide was designed having a genetic nucleotide sequence that is
non-complementary to the target genetic sequence of the NS1 region of DENV-1. The

third oligonucleotide was designed to function as a negative control sequence.

Preparation of Oligonucleotides for Diagnosing Dengue Virus Serotype 2 (DENV-2)

A total of three oligonucleotides were designed to target a specific region of the NS1
region of dengue virus serotype 2 (DENV-2). A first oligonucleotide was designed
having a genetic nucleotide sequence that is complementary to a target genetic
sequence of the NS1 region of DENV-2. The first oligonucleotide was designed to
function as detection probe (DP). The genetic nucleotide sequence of the first
oligonucleotide is designed to form a complex with the target genetic sequence of the

target RNA of DENV-2. The first oligonucleotide was tagged with a NH, functional
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DENV-3: Sequence 1 C TTT CCC CAC OTT TTC CAT DENV-3: Sequence 2 ACT CCG GTG TOT
TTG OTC CAT CTA TTA/3Bio DENV-4: Sequence 1 TC CAC AGA CCC CAT CTT TOT DENV-4:
Sequence 2 TCA ACA CCC CCT TCA CAT CCC CAC CCACTA CAC TGA GATI/3BIo

group on the 5’ end of the first oligonucleotide to facilitate hybridisation of a plurality

of the first oligonucleotide to a plurality of single walled carbon nanotubes (SWNTs) to

form a plurality of carbon nanotube based labels.

A second oligonucleotide was designed having a genetic nucleotide sequence that is
complementary to the target genetic sequence of the NS1 region of DENV-2. The
second oligonucleotide was designed to function as a capture probe (CP). The genetic
nucleotide sequence of the second oligonucleotide is designed to form a complex with
the target genetic sequence of the target RNA of DENV-2. The second oligonucleotide
was biotinylated and tagged with a NH, functional group on the 3’ end of the second
oligonucleotide to facilitate the immobilisation of a plurality of the second
oligonucleotide to a plurality of magnetic beads to form a plurality of conjugated

magnetic beads.

In one example, the plurality of magnetic beads were functionalised with carboxylic
acid to form carboxylic acid functionalised magnetic beads (i.e., COOH-beads). In
another example, the plurality of magnetic beads were functionalised with
streptavidin to form streptavidin functionalised magnetic beads. The inventors found
that the carboxylic acid functionalised magnetic beads were able to form larger
aggregates as compared to streptavidin functionalised magnetic beads while the
streptavidin functionalised magnetic beads were more sensitive than the carboxylic

acid functionalised magnetic beads.
A third oligonucleotide was designed having a genetic nucleotide sequence that is
non-complementary to the target genetic sequence of the NS1 region of DENV-2. The

third oligonucleotide was designed to function as a negative control sequence.

Preparation of Oligonucleotides for Diagnosing Dengue Virus Serotype 3 (DENV-3)

A total of three oligonucleotides were designed to target a specific region of the NS1
region of dengue virus serotype 3 (DENV-3). A first oligonucleotide was designed

having a genetic nucleotide sequence that is complementary to a target genetic
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Preparation of Carbon Nanotube (CNT) Based Labels for Diagnosing DENV-1, DENV-2, DENV-3 and
DENV-4 As shown in FIG. 1, in accordance with one embodiment of the present disclosure, carbon
nanotube based labels were synthesized based on diimide-activated amidation. FIG. 1 illustrates the
hybridisation or conjugation of an oligonucleotide detection probe (DP) to a single walled carbon

nanotube, §SYALE) iR e eassivaIas ATIgatiAg insReRgEiRRRD M AR eahadiment of the present

disclosure. A plurality of an oligonucleotide detection probe was hybridised or conjugated to a plurality
of single ivafiBencaydsteatipdRIBES RPditheeereiang aptidasenuenshoithtBrplurality of the

oligonuclgplids aelsHion 858@%%03"@ d'@gﬁﬁ' S‘JJ%@P&J&E iéjfbg%s&aé’eﬁﬁj&te@ﬁ%@@%ﬁ single walled

I
carbon nanotubes were carboxy form carhoxy single wa carbon nanotubes. The
covalent taybeididbion RENG13judaé dinsbbtige marleoxideiess saggedwatlied Narbomatiamaiubes with the

plurality of an oligonucjeotide, detection probe was carried out by sonicating the carbgxylated single
Walled o0 ROBR S A0 A bR BAIERC G 2 R 5B er (R BVsphate butfer
having a gHiref {76 engéaiiRG GErdvh @l i¥a(Ry BiRipEny leanewpsaf)nbinstoseardairgide hydrochloride
and 2 g/L of sodium deo>§ycholate for 2 hours. An equal volume of 1.2 RM of the plurality of the

oligonuclEvtiva Rlefatitivaf srsbenvad aiybedasardrbslboxylated single walled carbon nanotubes to form
a mixture of a plurality of carbon nanotube based labels. The resulting mixture of a plurality of carbon
nanotube based labels was incubated overnight at room temperature. FIG. 2 is a schematic diagram of
a carbonAsgrstudh el isased tatbicleinvas desinecehaningengsnding evicl asftithe emszeedialdsure.

Immobilisation of Oligonucleotide Capture Probes with Str vidin Functi jsed Magnetic Beads
100 RI of B S o e e R e et e GBo0c DEMVE e washedt wice vith
100 RI ok@&onuMi(gailumieletil B&M¢ bedfened he foltabty Bfsteaptavigodarichpnaisgdieagnetic beads
were then re-suspended in 100 RI of B&W buffer. A plurality of an oligonucleotide capture probe was

biotinylatBHCIS8tRE SPIBERM BF the straf! GrrHs sRHLS iadtrigaptlie forgbe WaRrRIdklNo the plurality
of streptam@litrarfgmrgmalls%mg@%ﬁ%q%dgetmf@ﬂaf@@waéiﬁyrﬂ& GeRMHRSREOMATASHisebeads. The
eo ura

resulting mixtur the plurality of conjugated magnetic beads was not incubated. The resulting

mixture ovgsdishindlRieaREsHjegEad o ivhg Metid Wi algsoup on the 3’ end of the second

oligonucleotide to facilitate the immobilisation of a plurality of the second
oligonucleotide to a plurality of magnetic beads to form a plurality of conjugated

magnetic beads.

In one example, the plurality of magnetic beads were functionalised with carboxylic
acid to form carboxylic acid functionalised magnetic beads (i.e., COOH-beads). In
another example, the plurality of magnetic beads were functionalised with
streptavidin to form streptavidin functionalised magnetic beads. The inventors found
that the carboxylic acid functionalised magnetic beads were able to form larger
aggregates as compared to streptavidin functionalised magnetic beads while the
streptavidin functionalised magnetic beads were more sensitive than the carboxylic

acid functionalised magnetic beads.
A third oligonucleotide was designed having a genetic nucleotide sequence that is
non-complementary to the target genetic sequence of the NS1 region of DENV-3. The

third oligonucleotide was designed to function as a negative control sequence.

Preparation of Oligonucleotides for Diagnosing Dengue Virus Serotype 4 (DENV-4)
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then washed once and re-suspended in B&W buffer. In one embodiment, the resulting mixture of the
plurality of conjugated magnetic beads is incubated at room temperature for one (1) hour with gentle
shaking and after incubation the resulting mixture of the plurality of conjugated magnetic beads is
washed twice and resuspended in B&W buffer. Hybridisation of the Carbon Nanotube Based Labels
with the Conjugated Magnetic Beads 20 plof the mixture of the plurality of the carbon nanotube based
labels was topped up with hybridisation buffer to a total volume of 120 pl. The mixture of the plurality of

the carbdhtAEHGLIBESRIBERPIIEeRTitraMssd ds3I8BaR BRSS! EPpRifialiBENcoifig At magnetic
beads th i bridise th
eads thal fiad BeemMASIR A0 INULAISEAR. AR ORHRTRRIBINIE [ANGLALGUI ybridise the

plurality o and the plu-ra Ity of conjugated magnetic beads. After the
hybridisakiavirs @pgeihet icesudtawyide skaecot éhih gl ir atity Wé ceeriary narrciarigetigbedsiand the plurality of

conjugated beads wa ed once wi 0pl of secondary wash buffer (i.e., 0.3 M sodium chloride,
005 M SSERURTERAETH T CHEPG DY e s ETb R LTt o BYERAre B AL mixtore of o
plurality of catibanaaitm lpkele @r. arplsativtiefmenivgates aaoets bragistfor diagnosing
DENV-1. The above steps were carried out to prepare a second mixture of a plurality of carbon

nanotube?| @98 aRIide IR ASNENSA LORIGAREP MBIGA NIt HBS 2 8 BRRRHETREUSESAPIANPhe above
steps wefg car A QY DENRAP AR 3 IIrShBYKIERIR NIYLaliReof Gathanvraneihgdabels and a plurality

of conjugated magnetic beads for diagnosing DENV-3. The above steps were carried out to prepare a
fourth migtate ohd lrading of thelivst vdaonuloke diskel Sodliadili atie ity disairjejatetl rabikynetic beads for

diagnosing DENV:-4..In em o?} nts, the first mixture of a plurglity of carbon nan labels and a
ploraity O SR R S e oS el P S e etieoe. 1
embodinfenis atprsticpoe oaiktur e pfcaybletaliydobbarion nanotube labels and a plurality of conjugated
magnetic beads for diagnosing DENV-2 is provided in a second test tube. In embodiments, the third

mixture of a plurality of carbon nanotube labels and a plurality of conjugated magnetic beads for

diagnosings RNy oRds rIQuisiask i WikskiRst fubmeln génbagme@&i&e%égumgﬂmr@ of a plurality of

carbon nanotube labels and a plurality of conjugated magnetic beads for diagnosing DENV-4 is
provided GAMAAIGOTEN taRL tobee FAareAiIgsaRtie Ses|ueRemM I ey lTesinn e BENYath Biethe serotypes of

o B e e e B eE T an be
plasma, semleotisieived flende lgfiph fheoh ¢ phigual dlediderindesigead $o form a complex with

the target genetic sequence of the target RNA of DENV-4. The second oligonucleotide

was biotinylated and tagged with a NH, functional group on the 3’ end of the second

oligonucleotide to facilitate the immobilisation of a plurality of the second

oligonucleotide to a plurality of magnetic beads to form a plurality of conjugated

magnetic beads.

In one example, the plurality of magnetic beads were functionalised with carboxylic
acid to form carboxylic acid functionalised magnetic beads (i.e., COOH-beads). In
another example, the plurality of magnetic beads were functionalised with
streptavidin to form streptavidin functionalised magnetic beads. The inventors found
that the carboxylic acid functionalised magnetic beads were able to form larger
aggregates as compared to streptavidin functionalised magnetic beads while the
streptavidin functionalised magnetic beads were more sensitive than the carboxylic

acid functionalised magnetic beads.
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Diagnosis or Detection of a Dengue Virus A dengue virus was first lysed by adding lysis buffer
(Qiagen, USA) and the released ribonucleic acid (RNA) was incubated. Lysis of the dengue virus,
release of the RNA and incubation of the released RNA took 10 minutes. Target RNA was extracted
and lysed from each of the four serotypes of the dengue virus using the same process. The released

target RN MiasageRacion daHER &fignal RN ©h GarRer nanebike beseehlabgistand a plurality of

conjugated magnetic beads for diagnosing a dengue virus provided in a test tube. The test tube was

gently shaRengoppis ieatandiadihofarget ERESES esRIRRINNGiIAGAssato reafUMENVefe Bifained in 5
minutes | : A %, in. di [ ' ithin 5 minutes the plurality
of carbor\?H ggdnagilﬁggéi%al%s%ﬁ é@%?s%r%%&ég %3@?@8%%%%1?{%%@@ ﬁaﬁﬁ%ﬁfg\%‘ea se ‘aggregated in the

presence of the target RNA to form dark coloured complexes with the target RNA. The dark coloured
complex ere dark brown, The diagnosis or defection principle of the mixtyre of the plurality of

catbon LA b AU YRS SN BavS THB 8P o1 COMPIGRLE AURBER TSRSt & iNfurated in FIG. 2.
The use gfigopltiabliydet crépataanofhe basedinbels prneesastie-amupERithe signal per target

unit. As shown in FIG. 3A - FIG. 3C, critically, the hybridisation assay 27 of the present disclosure
also induekSCaYERASIforEaF BREHIASRIENSF dAFSERMARRAUB & BESSARRE Y AR HS®flarality of

conjugated MAgREHGPEARRIID éQ&%ﬁéﬁﬂ&@eQ@i@J@@ﬁggﬁ@‘fd’ééﬁﬁi\%@a@ﬁ%@%@engue virus RNA

sequence thereby leading to the formation of dark coloured complexes with the target dengue virus
RNA or taitystsdesiyne wines RN As secppéncsep ive . successful aggregation of the plurality of carbon
nanotube based labels and the plurality of conjugated magnetic beads induces the formation of the
dark coloured complexes. The formation of the dark coloured complex allows for visible diagnosis or
visible deateghianafpbedarget sepgsieyfingiiNthorargrird enguecvidishRiVAcssedearoeofT he
aggregation of the plurality of carbon nanotube based labels and the plurality of conjugated magnetic

A |
beads in the PRI §aY eRIFRFAARIERRINPLPRAREENS 1B IFRHPAR B uUred complexes with the

target depgish Miles fRINARRAHENSS &%%Q%W@F@&m@a cAnReniation RbtBedajget dengue virus
RNA sequence present. For example, as illustrated in FIG. 3A - FIG. 3C and FIG. 4A - FIG. 4E, the

higher thegiRRacHEH§UIBS0d FINEPiskyy didgpestaheaenayenitHe greater the aggregation and the
darker the complex formed. As such, the aggregation and dark coloured complexes formed can be
even more visibly detectable when a higher concentration of the target dengue virus RNA sequence is
present. foeexbogimeahtbetbiigoondentidti Saopfahe thryet deogudarrestiRi}fo segugetce can be about

2.5 nglLor more SHOUNS I o MG, 2P0 10 MU L TSTS 85Uk 20 BRI or more. about 40
oligonucleotide Sequence 2 that is complementary to the target sequence of the NS1
region of DENV-1 is used as a capture probe, the method of rapidly diagnosing a
dengue virus of the present disclosure can generate diagnostic results in about 5
minutes or less and can have an accuracy of about 100% in diagnosing the dengue

virus.

However, if the oligonucleotide Sequence 1 that is complementary to a target
sequence of the NS1 region of DENV-1 is used as a capture probe and if the
oligonucleotide Sequence 2 that is complementary to the target sequence of the NS1
region of DENV-1 is used as a detection probe, the method of rapidly diagnosing a
dengue virus of the present disclosure will not generate diagnostic results in an

efficient manner and will not be accurate in diagnosing the dengue virus.

Accordingly, surprisingly and unexpectedly, the selection and use of nucleotide

sequences as a detection probe to be hybridised or conjugated to single walled carbon
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The first mixture of a plurality of carbon nanotube labels and a plurality of conjugated magnetic beads
for diagnosing DENV-1 provided in the first test tube generated diagnostic results in 5 minutes with an
accuracy of 100% in diagnosing DENV-1. Further, first mixture of a plurality of carbon nanotube labels
and a plurality of conjugated magnetic beads for diagnosing DENV-1 provided in the first test tube was
tested fop,§actaseiisity fapfaFd\¥obdYoUusing QiR useE shiehiam Faragsmaigarlex Virus (HSV),
Cytomegalovirus (CMV) and Enterovirus 71 (EV71). The first mixture of a plurality of carbon nanotube
labels anehgpRitaERES Botjtigakitirarigians Beaiately drRENTsEIAG BEMYEVipivided in the first test
tube exhibited 100% specificity for DENV1. The second mixture of a plurality of carbon nanotube
labels and a plurality of conjugated magnetic beads for diagnosing DENV-2 provided in the second
test tube Yepesaigh adragnostpe cesliiisthe Setrcinesndthsarofcsdeatidefs2§08ndasdisgnosing DENV-2.

Further, th d mixt lyrality of carb tube label lurality of conjugated
magnel B o H OB B DL SR RS SEREA 0 i AR B o s apecifcy

for DEN &by &5 OB e\ B85 s Boas releipes SToiesnyiies (Havbtewesaegalovirus (CMV) and

Enterovirus 71 (EV71). The second mixture of a pluralit{ﬂof carbon nanotube labels and a plurality of
conjugatétifadAdhe BEsRSTHPRURIFRE SR TENVSURD\ARR AN dfoRIEIRI BSERASE exhibited 100%

specificity g DI Vig 1dheiidrike & Al Blal b A bonRaRbR AhRlsARYARlurally of
conjugated magnetic beads for diagnosing DENV-3 provided in the third test tube generated
diagnosti8Nasults in 5 minutes with an accuracy of 100% in diagnosing DENV-3. Further, the third
mixture of a plurality of carbon nanotube labels and a plurality of conjugated magnetic beads for
Qagnosng Sk hRUIER LI UIERHBe A RSB IOLISFRACUI b IRRE Y-S b LSing
other virusepgHgheasrfiaypes pimplex Virus ?HSV), ytomegalovirus (CMV) and Enterovirus 71
(EV71). The third mixture of a plurality of carbon nanotube labels and a plurality of conjugated
magnetic beadsdopaiggnosingdamNy seqrensele igthe third test tube exhibited 100% specificity for
DENV3. The fourth mixture|of a plurality of carbon nanotube labels and a plurality of conjugated
magnetic bedésl¥or:diagnosing DENV-4 provided in the fourth test tube generated diagnostic results in
5 minutes W iﬂe%ﬁfgﬁeﬂlmry S80I CAdShE BENV-A_Further, the fourth mixture of alplurality of
carbon nano fabels and a plyrality of conju neti s.fo %Wagpp i NV+4 provided
in the fourth ggg%éﬂﬁ%ﬁas te§%ﬁg§héﬂ%ﬁ%lhﬁ§ﬁg§%gé§§ﬁ%§éi e viré&%{s}&h as Herpes
Simplex Vinus (HSV), Cytomegalovirus (CMV) and Enterovirus 71 (EV71). The fourth mixture of a
plurality of caersanotube labels and a plurality of conjugated magnetic beads for diagnosing
DENV-4 proGepennethe foyrth test tube exhibited 100% specificity for DENV-4. Twenty (20)| clinical
samples fram Kandang KerfalQWbhenGaadCaddréfYHospital were tested using the diagnastic kit for
rapidly diagd r%gfwgfa dzengue virus and the method of rapidly diagnosing a dengue virus of the present
A

disclosure. uenct?/ clinicalsapplaswae feundte be Lesitive-fosprreiepgyagiour (4) pasitives
were found|TpERNENV-T,

Sequence 1 CTTT CCC CAC GTT TTC CAT

DENV-3:

Sequence 2 ACT CCG GTG TGT TTG GTC CAT CTA TTA/3Bio

DENV-4:

Sequence 1 TC CAC AGA CCC CAT CTT TGT

DENV-4:

Sequence 2 TCA ACA CCC CCT TCA CAT CCC CAG CCACTACAG TGA

GAT/3Bio

Preparation of Carbon Nanotube (CNT) Based Labels for Diagnosing DENV-1, DENV-2,

DENV-3 and DENV-4

As shown in FIG. 1, in accordance with one embodiment of the present disclosure,
carbon nanotube based labels were synthesized based on diimide-activated

amidation. FIG. 1 illustrates the hybridisation or conjugation of an oligonucleotide
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nine (9) positives were found for DENV-2, eleven positives (11) were found for DENV3, and two (2)
positives were found for DENV-4. The diagnostic results were generated in 5 minutes with an accuracy
of 100% for each of pan-dengue, DENV-1, DENV-2, DENV-3 and DENV-4. The diagnostic kit for
rapidly diagnosing a dengue virus and the method of rapidly diagnosing a dengue virus using the
diagnostigdtlt @fcineBERSEIH) AisslonEIe WENEE arbsimarRHARIYb o NHoNY BaHRddhR fidRidand accurate
diagnosis of DENV-1, DENV-2, DENV-3 and DENV-4 compared to the known methods being used
presenth2TigatiRagRGSsEERRTER PEbidN ErabABisNea) ol EhryaeesanisdistpsHeemapiosrty efpidly
diagnosing & ABAAHE S AL I B 29EhL discinpieals BPle iR Lede e @Rk time required for
generating diagnostic results from about 3 hours using real-time RTPCR to only about 15 minutes or
less, abosibgle walatesadvdess not el \bdimmdtesobivitsd . afddiiamally, thermethetlfalinapidly

diagnosing a depgue vijrus. of the present disclosur n be performed without the need for pre-assay
orocosaifl. uh NS HRA BR AL REPP AR 8 J1Re e B IR AGKS ki for rapicly
diagnosimrg &, dasgreitisis gt thele taesbion sapidycdingnosinbcxdsraue wiws of the present
disclosure eliminate the use of sophisticated and costly detection systems. The diagnostic kit for

rapidly dieRjRB¥WR e delRw RS CARPBATRIRRS fahaERYRIN BRI HOdegue virus of the present
disclosurg. SR erise ApsteldAgu URAT.ARA IRIEAR TR SERR.PUFY 8F the qualitative
detection of the presence or absence of target analytes. Instead, the diagnostic kit for rapidly
diagnosirg algenydeatidsdatectienmestbe o fsrcepithodidyssiing tindéhe gerbimadase the present
disclosure involve mere visualisation of the formation dark coloyred complexes fgrmed via the
ogregat R LB S e B R S BRI e precence of
target derglienoras PibApHdte bgifieepatiog apd ibfe7focoationiaf Bauwkaae sl complexes occur
without the need of any enzymatic reaction. The dizi%postic kit for ra#)idly diagnosing a dengue virus

and the MERRSBWBMYARRIORYIAGRB Mg hpstignids IV B hinsideciisht 8iLRbsAPLBliminate the use of

large andiexpRIMIMRSBH MRS aRd IRIEVDMRAIIGNUD |G sealdipigrRityREReAdditionally, the
diagnostic kit for rapidly diagnosing a dengue virus and the method for rapidly diagnosing a dengue

virus of tiégeresderiiteciesert amprpbeuwasi aaslediie dheisgrestite kedaarEte Netiasedibenfor rapidly
diagnosi Ir i tic Ki t ly_require si equipment such as
test tubezgarﬂO plpe%t%egéﬁéﬁl‘s%%sge%%ﬁgfﬁﬁ él%l?(% &%ﬁ;ﬁéﬂ%&[@g? ﬁ%gm%%?én;ﬁ:l ities or laboratory
facilities, nesutinganixie recrh mploialicetbearpart s afdhew bdsk dllbbetsmpleinasbpfei@ndly, and low cost
diagnostic kit for rapidly diagnosing a dengue virus and method for rapidly diagnosing a dengue virus
is more S%YHB'%HE)?%J&% -otfgaﬁ)r%r?gﬁ%g and/or clinical diagnosis compared to other assay systems.
The hybridisation assay of the present disclosure utilises the simple principle of aggregation.

Specifically designed dengue specific oligonucleotides are hybridised or conjugated to carboxylated
single wé%d%éﬁéwﬁm%me@gra@ﬁ@ earippRenetree kaseb iR brlibRAsEIa8E] WiBEIs) of the assay
and conjlégﬁgggimeﬁqggﬁw@mggg}&tmg@gm_magnetic beads as another component (i.e., conjugated
magnetic beads) of the assay. With the addition of target dengue virus RNA or a sample that contains
target dengue virus RNA, the dengue specific oligonucleotides come together to tag the target dengue
virus RNfy, hepoe sausiic e, formation ef an asgrsgate apd ihe formatien gfdakcgloured.

5 e oue vird Other words, 5 otupe sedlabels(l.e.,
dengue gpeagiitiolR¥eigcleotides hybridised or conjugated to carboxylated single walled carbon
nanotubes) and the

100 pl of a plurality of as-supplied streptavidin functionalised magnetic beads were
washed twice with 100 pl of 25 mM (millimolar) B&W buffer. The plurality of
streptavidin functionalised magnetic beads were then re-suspended in 100 ul of B&W
buffer. A plurality of an oligonucleotide capture probe was biotinylated. 25 ul of 10
UM of the plurality of the biotinylated capture probe was added to the plurality of
streptavidin functionalised magnetic beads to form a plurality of conjugated magnetic
beads. The resulting mixture of the plurality of conjugated magnetic beads was not

incubated. The resulting mixture of the plurality of conjugated magnetic beads was
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conjugated magnetic beads (i.e., dengue specific oligonucleotides conjugated to streptavidin
functionalised magnetic beads) aggregate in the presence of the target dengue virus RNA to form dark
coloured complexes with the target dengue virus RNA. On the other hand, if a negative control sample
is being added in replacement of the dengue virus RNA, the specifically designed dengue specific
oligonuclgtifigawibnmieang togeiBende PindioNns eaalivencasiipb grnanie tHderefore, the carbon
nanotube based labels and streptavidin functionalised magnetic beads will not be able to form an
aggregateetHHnganidprsredd e o mELy wreniygatadtinagnrel Heepdpis incabaspdatiegative result. In an
unexpecie 3Rk aPHIAd N Rg Me R ehiRr e eeddRnl Inn,Selselon AL figglioonucteotide
sequence as a detection probé and the selection of the oligonucleotide sequence as a capture probe
were criticaxtinrachighdmjuasiagtef amjugrirel acagnetie beatthoid whshpiitywdmgndseag a dengue virus. For
example, referrin to} lg{ze 1 discussed above, if the oligonucleotide Sequence 1 that is
complem%ﬁf’aer% da{rf r% gggﬁ%nce of the NS1 region of DENV-1 is used as a detection probe and if
the oligonucleotide Sequence 2 that is complementary to the target sequence of the NS1 region of
DENV-1 is used as a capture probe, the method of rapidly diagnosing a dengue virus of the present
disclosur8YedH igaHens AL YRR EASBA 18 W NS UeRIIAS

about 5 rginyges or less and can have an accuracy of about 98% or greater, about 99% or greater, or
about 100% 1n diagnosing the dengue virus. However, if the oligonucleotide Sequence 1 that is
complementary to a target sequence of the NS1 region of DENV-1 is used as a capture probe and if
the oligonucleotide Seguence 2 that is,complementary to the target seguence of the NS1 region of
DENVL B L B s B R B S ST TR ST EE o e prsen
disclosurepnilitholypedetaierdiadgizosbc esalisolnras efficiept.nThaneixend villhropjloeakgeurate in
diagnosing the dengue virus, For example, in some cases no formation of an aggregate or a dark

coloured Ut KRR IRE R tRG RRAIY S S RIS L d U BV ety PRI a4 N and use of
nucleotidg, sReuens amasctidstasionpherodaayhEdised RE ARILOAR6HA single walled carbon

nanotubes or a capture probe to be conjugated to streptavidin functionalised magnetic beads is critical
to rapidlytemaeretuiaferodiaghdsng ta tebidisaihesdlSialpnsihepyhanonanesyheckdfis ane selection and
use of nugcleati | e Toll [Ug ingle walled
carbon r@n%%ﬂgrglsﬁgg g%c%ﬁrﬁt%r%% pérl(ﬁ)geé%c% Q&%ﬁ%g’é@%ﬁ@%ﬁﬁ%ﬁf\%ﬁé r?l(Jgrﬁgc%”o{ﬁagl?s(.{:'%ﬁr!wﬂggnetic beads is
critical torttve @ggrEgetioio rafithefoantham nanotube | Hisds addheqrijugite dfmagjogtitedeads and the

formaton, of e, Set CRIoH1= QMRS WL SBHISLARINRNIE BY soutum

chloride, 0.03 M sodium citrate, pH 7.0).

The above steps were carried out to prepare a first mixture of a plurality of carbon
nanotube labels and a plurality of conjugated magnetic beads for diagnosing DENV-1.
The above steps were carried out to prepare a second mixture of a plurality of carbon
nanotube labels and a plurality of conjugated magnetic beads for diagnosing DENV-2.
The above steps were carried out to prepare a third mixture of a plurality of carbon
nanotube labels and a plurality of conjugated magnetic beads for diagnosing DENV-3.
The above steps were carried out to prepare a fourth mixture of a plurality of carbon

nanotube labels and a plurality of conjugated magnetic beads for diagnosing DENV-4.

In embodiments, the first mixture of a plurality of carbon nanotube labels and a
plurality of conjugated magnetic beads for diagnosing DENV-1 is provided in a first test
tube. In embodiments, the second mixture of a plurality of carbon nanotube labels

and a plurality of conjugated magnetic beads for diagnosing DENV-2 is provided in a
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While various aspects and embodiments have been disclosed herein, it will be apparent that various
other modifications and adaptations of the invention will be apparent to the person skilled in the art
after reading the foregoing disclosure without departing from the spirit and scope of the invention and it
is intended that all such modifications and adaptations come within the scope of the appended claims.

The variqdgsrpesisiahd erhadinrnndisHesRAAIRI0NaISs PpRMIRESSSafbHsiEMEDIRNd are not

intended to be limiting, with the true scope and spirit of the invention being indicated by the appended
claims. dab&IVEDYAPTREIRY of cANNEEIed BREReHAMegd RaGHRENRSIRE R Y Rdhpavalfiessing a dengue
virus compusiigy vest ABIHNGBIRHRISORHEIROHAR G &E‘%‘F‘Q@uﬁ%%eé}c%ﬁ%’i is complementary to
a target sequence of the dengue virus; providing a plurality of carbon nahotubes; and providing a
plurality ofasolidtsuppeltsn@a Pheatigthddonidated Inagribee beadpfisirtjagnosing DENV-4 is

provided in a fourth test tube.

In embodiments, a sample may be tested for each of the serotypes of the dengue
virus. In embodiments, the samples can be clinical samples and/or biological samples.
In embodiments, the samples can be biological fluid samples. In embodiments, the
biological fluid can be plasma, serum, spinal fluid, lymph fluid, synovial fluid, urine or

tears.

Diagnosis or Detection of a Dengue Virus

A dengue virus was first lysed by adding lysis buffer (Qiagen, USA) and the released
ribonucleic acid (RNA) was incubated. Lysis of the dengue virus, release of the RNA
and incubation of the released RNA took 10 minutes. Target RNA was extracted and
lysed from each of the four serotypes of the dengue virus using the same process.
The released target RNA was added to a mixture of a plurality of carbon nanotube
based labels and a plurality of conjugated magnetic beads for diagnosing a dengue
virus provided in a test tube. The test tube was gently shaken. After the addition of
the released target RNA, diagnostic results were obtained in 5 minutes with an
accuracy of about 100% in diagnosing the dengue virus. Within 5 minutes the plurality
of carbon nanotube based labels and the plurality of conjugated magnetic beads
aggregated in the presence of the target RNA to form dark coloured complexes with

the target RNA. The dark coloured complexes were dark brown.

The diagnosis or detection principle of the mixture of the plurality of carbon nanotube

based labels and the plurality of conjugated magnetic beads is illustrated in FIG. 2.

The use of a plurality of carbon nanotube based labels increases the amount of the

signal per target unit. As shown in FIG. 3A - FIG. 3C, critically, the hybridisation assay
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designing a second oligonucleotide comprising a sequence that is complementary to the target
sequence of the dengue virus. 3. The method of claim 1 or 2, wherein the target sequence of the
dengue virus comprises a target sequence of the NS1 region of the dengue virus. 4. The method of
any one of claims 1-3, wherein the carbon nanotubes are single walled carbon nanotubes. 5. The

method agpyingref IR MR Ibstr IS8 6iHY Hog S BRIBATET Be pMadngtisrReash nindhenethod of claim

5, wherein the plurality of magnetic beads are streptavidin functionalized magnetic beads or carboxylic

acid funchm[b@mm’étﬁzmwﬁy Of.cqrﬁmﬁtqﬁ@@psnamW%mdhm%%@,cmﬁ@fa%mprising: |
des'gn'”%éﬁEJ!J %ﬁr%WSPé’EQ%&PJE&%@?%% ﬁl\?ﬁ&%ﬁ%‘%ﬂ&{ﬂ?&;by |e5%9r9éf}% {ES first oligonucleotide
H2 end o C y

with a N anctional group on the 5' Ithe first oligonucleotide; and ridising a plurality of
the first diegoraticle ofidie iociie yrkd abiy pitsasgiétveike th cgrbdengaaotulsaiNg dorrargeplurality of carbon
nanowbedgr?gggvlﬁese"ksNA sequence. The successful aggregation of the plurality of carbon

nanotube based labels and the plurality of conjugated magnetic beads induces the

formation of the dark coloured complexes. The formation of the dark coloured

complex allows for visible diagnosis or visible detection of the target dengue virus RNA

or target dengue virus RNA sequence.

The aggregation of the plurality of carbon nanotube based labels and the plurality of
conjugated magnetic beads in the presence of target dengue virus RNA sequence to
form dark coloured complexes with the target dengue virus RNA sequence can be
dependent on the concentration of the target dengue virus RNA sequence present.
For example, as illustrated in FIG. 3A — FIG. 3C and FIG. 4A — FIG. 4E, the higher the
target dengue virus RNA sequence concentration the greater the aggregation and the
darker the complex formed. As such, the aggregation and dark coloured complexes
formed can be even more visibly detectable when a higher concentration of the target
dengue virus RNA sequence is present. In embodiments, the concentration of the
target dengue virus RNA sequence can be about 2.5 ng/uL or more, about 5 ng/uL or
more, about 10 ng/uL or more, about 20 ng/uL or more, about 40 ng/uL or more or

about 80 ng/uL or more.

The first mixture of a plurality of carbon nanotube labels and a plurality of conjugated
magnetic beads for diagnosing DENV-1 provided in the first test tube generated
diagnostic results in 5 minutes with an accuracy of 100% in diagnosing DENV-1.
Further, first mixture of a plurality of carbon nanotube labels and a plurality of
conjugated magnetic beads for diagnosing DENV-1 provided in the first test tube was
tested for its specificity for DENV-1 by using other viruses such as Herpes Simplex
Virus (HSV), Cytomegalovirus (CMV) and Enterovirus 71 (EV71). The first mixture of a

plurality of carbon nanotube labels and a plurality of conjugated magnetic beads for
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8. The method of any one of claims 5-7, further comprising: designing the second oligonucleotide to
function as a capture probe; biotinylating the second oligonucleotide; tagging the second
oligonucleotide with a NH2 functional group on the 3'end of the second oligonucleotide; and
immobilising a plurality of the second oligonucleotide to the plurality of magnetic beads to form a

plur_alit_y %%HQQF@@W@BM@@H%Q_fiTﬁQéfﬁhWé%%?ﬁé_@ﬁ@@/% slripmckySrotusitigy.comprising:
designing a third oligonucleotide comprising a sequence that is non-complementary to the target
sequencé-of the dengue virus; wherein the third oligonucleotide functions as a negative control
sequence.

The second mixture of a plurality of carbon nanotube labels and a plurality of
conjugated magnetic beads for diagnosing DENV-2 provided in the second test tube
generated diagnostic results in 5 minutes with an accuracy of 100% in diagnosing
DENV-2. Further, the second mixture of a plurality of carbon nanotube labels and a
plurality of conjugated magnetic beads for diagnosing DENV-2 provided in the second
test tube was tested for its specificity for DENV-2 by using other viruses such as
Herpes Simplex Virus (HSV), Cytomegalovirus (CMV) and Enterovirus 71 (EV71). The
second mixture of a plurality of carbon nanotube labels and a plurality of conjugated
magnetic beads for diagnosing DENV-2 provided in the second test tube exhibited
100% specificity for DENV-2.

The third mixture of a plurality of carbon nanotube labels and a plurality of conjugated
magnetic beads for diagnosing DENV-3 provided in the third test tube generated
diagnostic results in 5 minutes with an accuracy of 100% in diagnosing DENV-3.
Further, the third mixture of a plurality of carbon nanotube labels and a plurality of
conjugated magnetic beads for diagnosing DENV-3 provided in the third test tube was
tested for its specificity for DENV-3 by using other viruses such as Herpes Simplex
Virus (HSV), Cytomegalovirus (CMV) and Enterovirus 71 (EV71). The third mixture of a
plurality of carbon nanotube labels and a plurality of conjugated magnetic beads for
diagnosing DENV-3 provided in the third test tube exhibited 100% specificity for DENV-
3.

The fourth mixture of a plurality of carbon nanotube labels and a plurality of
conjugated magnetic beads for diagnosing DENV-4 provided in the fourth test tube
generated diagnostic results in 5 minutes with an accuracy of 100% in diagnosing
DENV-4. Further, the fourth mixture of a plurality of carbon nanotube labels and a
plurality of conjugated magnetic beads for diagnosing DENV-4 provided in the fourth
test tube was tested for its specificity for DENV-4 by using other viruses such as

Herpes Simplex Virus (HSV), Cytomegalovirus (CMV) and Enterovirus 71 (EV71). The
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10. The method of any one of claims 7-9, further comprising: hybridising the plurality of carbon
nanotube labels with the plurality of conjugated magnetic beads to form a mixture of the plurality of
carbon nanotube based labels and the plurality of conjugated magnetic beads. 11. The method of
claim 10, wherein a plurality of the third oligonucleotide and the mixture of the plurality of carbon

nanotubghaseshirhals anchibeapty sty baoninsrlss ImaENatis berrs i@ roNjdestda one test tube.

12. The method of any one of claims 1-11, wherein the dengue virus is selected from the group

consistinf @8 tRIfRRAYH Ry SEeppswa QﬂE\N‘Q/DI?VGBWUGéhﬁrf@JE‘éY&?b@ baeHpites) dengue virus

serotype IQOKJD , ’ﬁl nfjoFIS e virus serotype 4 (DENV-4). 13. A diagnostic kit for rapidly
diagnosing a Eéblngche \?/Yrus Weherén the diagnostic kit is prepared accorded to the method of any one

of claims 1-12. 14.A diagnostic kit for rapldly diagnosing a dengue virus comprising: a mixture of
a plurallt of carz%cwéwanot be b labels and :@) 5ra| of Cogﬁjf te] magnetic beads, wherein
the plural N/'ecﬂ‘% h'RYA ?ﬂB’eD %\%é%nb %Hﬁ’d &g qw& 'ﬂ) Iﬁb' 9 Bﬂ%ﬁgd\"fﬁaegnetlc beads,
and tested using the diagnostic kit for rapidly diagnosing a dengue virus and the method of

rapidly diagnosing a dengue virus of the present disclosure. All twenty clinical samples

were found to be positive for pan-dengue. Four (4) positives were found for DENV-1,

nine (9) positives were found for DENV-2, eleven positives (11) were found for DENV-

3, and two (2) positives were found for DENV-4. The diagnostic results were

generated in 5 minutes with an accuracy of 100% for each of pan-dengue, DENV-1,

DENV-2, DENV-3 and DENV-4.

The diagnostic kit for rapidly diagnosing a dengue virus and the method of rapidly
diagnosing a dengue virus using the diagnostic kit of the present disclosure prove to
be more useful in allowing for the rapid and accurate diagnosis of DENV-1, DENV-2,
DENV-3 and DENV-4 compared to the known methods being used presently. The
diagnostic kit for rapidly diagnosing a dengue virus and the method for rapidly
diagnosing a dengue virus of the present disclosure are able to reduce the amount of
time required for generating diagnostic results from about 3 hours using real-time RT-
PCR to only about 15 minutes or less, about 10 minutes or less, or about 5 minutes or

less.

Additionally, the method for rapidly diagnosing a dengue virus of the present
disclosure can be performed without the need for pre-assay processing, such as, RNA

extraction before real-time RT-PCR.

The diagnostic kit for rapidly diagnosing a dengue virus and the method for rapidly
diagnosing a dengue virus of the present disclosure eliminate the use of sophisticated
and costly detection systems. The diagnostic kit for rapidly diagnosing a dengue virus
and the method for rapidly diagnosing a dengue virus of the present disclosure

eliminate the use of wasteful downstream signal development steps such as the
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wherein the mixture is provided in one test tube. 15. The diagnostic kit of claim 14, wherein the
plurality of carbon nanotube based labels of the mixture comprises a plurality of a first oligonucleotide
hybridised to a plurality of single walled carbon nanotubes, and wherein the first oligonucleotide
comprises a sequence that is complementary to a target sequence of the dengue virus. 16. The

diagnostig datiaipidBisvhereis thesiirtbionnesieotfe fupcinngtes. adesaation:probe, and

wherein the first oligonucleotide is tagged with a NH2 functional group on the 5'end of the first
oligonucld@gaesticrtiffatamgbritiranpsingpirensig alityscrmpérraralhigdriacrasidle to the plurality of

single waj (91 SANRIORSIB NI NS RIS Qf SAFRER MANGIANE BASGELIABELRL17- The

diagnostici%no?aﬁy oneof c?airr%s 15-18, w ere]grl]Irt%e p?u\falﬁ%of (:olfl1ljgugatehsl Beag’s of the mixture

comprise®arpitioalidy if @ lsecen doligenac feotickel Manblod Hisgrddat@phfredityat maghdiee beads, and
based labels and conjugated magnetic beads in the presence of target dengue virus

RNA. The aggregation and the formation of dark coloured complexes occur without

the need of any enzymatic reaction.

The diagnostic kit for rapidly diagnosing a dengue virus and the method for rapidly
diagnosing a dengue virus of the present disclosure eliminate the use of large and
expensive equipment and instrumentation unlike real-time RT-PCR. Additionally, the
diagnostic kit for rapidly diagnosing a dengue virus and the method for rapidly
diagnosing a dengue virus of the present disclosure can be used as a field diagnostic
kit and a field method for rapidly diagnosing a dengue virus as the diagnostic kit and
the method only require simple equipment such as test tubes and pipettes. This is
especially critical if there is a lack of healthcare facilities or laboratory facilities, which
can be common in certain parts of the world. The simple, user friendly, and low cost
diagnostic kit for rapidly diagnosing a dengue virus and method for rapidly diagnosing
a dengue virus is more suitable for point-of-care testing and/or clinical diagnosis

compared to other assay systems.

The hybridisation assay of the present disclosure utilises the simple principle of
aggregation. Specifically designed dengue specific oligonucleotides are hybridised or
conjugated to carboxylated single walled carbon nanotubes as one component (i.e.,
carbon nanotube based labels) of the assay and conjugated to streptavidin
functionalised magnetic beads as another component (i.e., conjugated magnetic
beads) of the assay. With the addition of target dengue virus RNA or a sample that
contains target dengue virus RNA, the dengue specific oligonucleotides come together
to tag the target dengue virus RNA, hence causing the formation of an aggregate and
the formation of dark coloured complexes with the target dengue virus RNA. In other
words, the carbon nanotube based labels (i.e., dengue specific oligonucleotides

hybridised or conjugated to carboxylated single walled carbon nanotubes) and the
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wherein the second oligonucleotide comprises a sequence that is complementary to the target
sequence of the dengue virus. 18. The diagnostic kit of claim 17, wherein the second oligonucleotide
functions as a capture probe, wherein the second oligonucleotide is biotinylated, and

second oligonucleotide is tagged with a NH2 functional group on the 3'end of the second

wherein the

oligonuclegtjdgdR dacilitaia ithsetmmpbiligatigneaiihrielrigbtuefdhied sec)dgatisgrsicleotide to the
plurality of magnetic beads to form the plurality of conjugated magnetic beads. 19. The diagnostic kit
of any orfé"ePEAxifR fnctRNalifednagretis §epdoEErEA b thEhgdrgerNvras tbsripiasks a target

B B B R A e o

sequenc
wherein

the plura eads are streptavi a

acid functionalized magnetic beads.

On the other hand, if a negative control sample is being added in replacement of the
dengue virus RNA, the specifically designed dengue specific oligonucleotides will not
come together to bind to the negative control sample. Therefore, the carbon
nanotube based labels and streptavidin functionalised magnetic beads will not be able
to form an aggregate or a dark coloured complex thereby resulting in a negative

reaction or negative result.

In an unexpected and surprising finding, the inventors discovered that the selection of
the oligonucleotide sequence as a detection probe and the selection of the
oligonucleotide sequence as a capture probe were critical in achieving a faster and

more accurate method of rapidly diagnosing a dengue virus.

For example, referring to Table 1 discussed above, if the oligonucleotide Sequence 1
that is complementary to a target sequence of the NS1 region of DENV-1 is used as a
detection probe and if the oligonucleotide Sequence 2 that is complementary to the
target sequence of the NS1 region of DENV-1 is used as a capture probe, the method
of rapidly diagnosing a dengue virus of the present disclosure can generate diagnostic
results in about 15 minutes or less, about 10 minutes or less, or about 5 minutes or
less and can have an accuracy of about 98% or greater, about 99% or greater, or about

100% in diagnosing the dengue virus.

However, if the oligonucleotide Sequence 1 that is complementary to a target
sequence of the NS1 region of DENV-1 is used as a capture probe and if the
oligonucleotide Sequence 2 that is complementary to the target sequence of the NS1
region of DENV-1 is used as a detection probe, the method of rapidly diagnosing a
dengue virus of the present disclosure will not generate diagnostic results in an

efficient manner and will not be accurate in diagnosing the dengue virus. For
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21. The diagnostic kit of any one of claims 15-20, further comprising: a third oligonucleotide
comprising a sequence that is non-complementary to the target sequence of the dengue virus, wherein
the third oligonucleotide functions as a negative control sequence, and wherein a plurality of the third
oligonucleotide is provided in the one test tube. 22. The diagnostic kit of any one of claims 14-21,

wherein e dengue U iase IR RAFAB AT ShQisReeRaIiNgRidenBusYiksspRERtyPe 1 (DENV-1),
dengue virus serotype 2 (DENV-2), dengue virus serotype 3 (DENV-3) and dengue virus serotype 4

(DENV-49<cc283-A method of rapidly diagnosing a dengue virus comprising: providing the diagnostic kit
of any one of claims 13-22; providing target RNA of the dengue virus; adding the target RNA of the
dengue virus to the mixture of the plurality of carbon nanotube-based labels and the plurality of
conjugaté«tmna@w@ﬁmbaamigimedmemdmdw 2v. sEhetivethod wiechdinu@8otideerein the plurality of

carbon nanotube-based labels and conjugated magnetic beads reqate in the
presence %Wﬁgct%sra%?ﬁﬁ&calp{hgraé Eg%ah r| ised Jorgconjugat to single wal?e%gca%

nanotubes or a capture probe to be conjugated to streptavidin functionalised

magnetic beads is critical to rapidly and accurately diagnosing a dengue virus.

Surprisingly and unexpectedly, the selection and use of nucleotide sequences as a
detection probe to be hybridised or conjugated to single walled carbon nanotubes or a
capture probe to be conjugated to streptavidin functionalised magnetic beads is
critical to the aggregation of the carbon nanotube labels and conjugated magnetic
beads and the formation of the dark coloured complexes with the target dengue virus

RNA.

While various aspects and embodiments have been disclosed herein, it will be
apparent that various other modifications and adaptations of the invention will be
apparent to the person skilled in the art after reading the foregoing disclosure without
departing from the spirit and scope of the invention and it is intended that all such
modifications and adaptations come within the scope of the appended claims. The
various aspects and embodiments disclosed herein are for purposes of illustration and
are not intended to be limiting, with the true scope and spirit of the invention being

indicated by the appended claims.
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25. The method of claim 24, wherein the plurality of carbon nanotube-based labels and the plurality of
conjugated magnetic beads aggregate in the presence of the target RNA of the dengue virus to form
dark coloured complexes. 26. The method of claim 25, wherein the formation of dark coloured
complexes allows for visual detection of the target RNA of the dengue virus. 27. The method of any
one of claims 24-26, wherein the aggregation of ¢hgpjgrality of carbon nanotu be-based labels and the
plurality of conjugated magnetic beads is dependent on the concentration of the target RNA of the
dengue virus added to the mixture. 28. The method of any one of claims 23-27, wherein the dengue
virus is sg\y%cé%qnggom the group consisting of dengue virus serotype 1 (DENV-1), dengue virus
serotype 2 (DENV2), dengue virus serotype 3 (DENV-3) and dengue virus serotype 4 (DENV-4). 29.
The method of any one of claims 25-28, wherein the formation of the dark coloured complexes is

generated in about 15 minutes or |ess, and wherejn diagnosis of the dengue virus is achieved in about
15 minutds or Id T RP REPERRRTALE ot RS AR LISl APV S62 RSN F AP AT En of the dark
coloured gnnpplexgs is generated in about 10 minutes or less, and wherein diagnosis of the dengue

virus is achieved in about 10 minutes or less. 31. The method of any one of claims 25-30, wherein the
formation of the®faHRAGUTED ElgRpISIERtideerTBPAIERER IR HilltitsCOMRIST AW Pein

diagnosistéq%gggec&%ggg(yfi% iFeRgllieyedsin about 5 minutes or less. 32. The method of any one of
claims 23-31, wherein the method has an accuracy of about 98% or greater for diagnosing the dengue
virus. providing a plurality of carbon nanotubes; and

providing a plurality of solid supports.

2. The method of claim 1, further comprising:
designing a second oligonucleotide comprising a sequence that is complementary to

the target sequence of the dengue virus.

3. The method of claim 1 or 2, wherein the target sequence of the dengue virus

comprises a target sequence of the NS1 region of the dengue virus.

4, The method of any one of claims 1-3, wherein the carbon nanotubes are single

walled carbon nanotubes.
5. The method any one of claims 1-4, wherein the solid supports are magnetic beads.

6. The method of claim 5, wherein the plurality of magnetic beads are streptavidin

functionalized magnetic beads or carboxylic acid functionalized magnetic beads.

7. The method of any one of claims 4-6, further comprising:

designing the first oligonucleotide to function as a detection probe;

tagging the first oligonucleotide with a NH; functional group on the 5’ end of the first
oligonucleotide; and

hybridising a plurality of the first oligonucleotide to the plurality of single walled

carbon nanotubes to form a plurality of carbon nanotube based labels.
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33. The method of any one of claims 23-32, wherein the method has an accuracy of about 99% or
greater for diagnosing the dengue virus. 38 34. The method of any one of claims 23-33, wherein the
method has an accuracy of about 100% for diagnosing the dengue virus. 35. The method of any one
of claims 23-34, wherein the method has a specificity of about 98% or greater for diagnosing the
dengue virus. 36. The method of any one of claims 23-35, wherein the method has a specificity of
about 99% or greater for diagnosing the dengue virus. 37. The method of any one of claims 23-36,

wherein the methsdntrisedspienii @ne of sldus PoOJy Fradisgmesiridhe dengue virus.

designing the second oligonucleotide to function as a capture probe;

biotinylating the second oligonucleotide;

tagging the second oligonucleotide with a NH; functional group on the 3’end of the
second oligonucleotide; and

immobilising a plurality of the second oligonucleotide to the plurality of magnetic

beads to form a plurality of conjugated magnetic beads.

9. The method of any one of claims 1-8, further comprising:
designing a third oligonucleotide comprising a sequence that is non-complementary
to the target sequence of the dengue virus;

wherein the third oligonucleotide functions as a negative control sequence.

10. The method of any one of claims 7-9, further comprising:
hybridising the plurality of carbon nanotube labels with the plurality of conjugated
magnetic beads to form a mixture of the plurality of carbon nanotube based labels and the

plurality of conjugated magnetic beads.

11. The method of claim 10, wherein a plurality of the third oligonucleotide and the
mixture of the plurality of carbon nanotube based labels and the plurality of conjugated
magnetic beads are provided in one test tube.

12. The method of any one of claims 1-11, wherein the dengue virus is selected from the
group consisting of dengue virus serotype 1 (DENV-1), dengue virus serotype 2 (DENV-2),

dengue virus serotype 3 (DENV-3) and dengue virus serotype 4 (DENV-4).

13. A diagnostic kit for rapidly diagnosing a dengue virus, wherein the diagnostic kit is

prepared accorded to the method of any one of claims 1-12.

14. A diagnostic kit for rapidly diagnosing a dengue virus comprising:
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a mixture of a plurality of carbon nanotube based labels and a plurality of conjugated
magnetic beads,

wherein the plurality of carbon nanotube labels are hybridised with the plurality of
conjugated magnetic beads, and

wherein the mixture is provided in one test tube.

15. The diagnostic kit of claim 14,

wherein the plurality of carbon nanotube based labels of the mixture comprises a
plurality of a first oligonucleotide hybridised to a plurality of single walled carbon
nanotubes, and

wherein the first oligonucleotide comprises a sequence that is complementary to a

target sequence of the dengue virus.

16. The diagnostic kit of claim 15,

wherein the first oligonucleotide functions as a detection probe, and

wherein the first oligonucleotide is tagged with a NH, functional group on the 5’end
of the first oligonucleotide to facilitate hybridisation of the plurality of the first
oligonucleotide to the plurality of single walled carbon nanotubes to form the plurality of

carbon nanotube based labels.

17. The diagnostic kit of any one of claims 15-16,

wherein the plurality of conjugated beads of the mixture comprises a plurality of a
second oligonucleotide immobilised to a plurality of magnetic beads, and

wherein the second oligonucleotide comprises a sequence that is complementary to

the target sequence of the dengue virus.

18. The diagnostic kit of claim 17,
wherein the second oligonucleotide functions as a capture probe,
wherein the second oligonucleotide is biotinylated, and
wherein the second oligonucleotide is tagged with a NH, functional group on the

3’end of the second oligonucleotide to facilitate the immobilisation of the plurality of the
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second oligonucleotide to the plurality of magnetic beads to form the plurality of

conjugated magnetic beads.

19. The diagnostic kit of any one of claims 15-18, wherein the target sequence of the

dengue virus comprises a target sequence of the NS1 region of the dengue virus.

20. The diagnostic kit of any one of claims 17-19, wherein the plurality of magnetic
beads are streptavidin functionalized magnetic beads or carboxylic acid functionalized

magnetic beads.

21. The diagnostic kit of any one of claims 15-20, further comprising:

a third oligonucleotide comprising a sequence that is non-complementary to the
target sequence of the dengue virus,

wherein the third oligonucleotide functions as a negative control sequence, and

wherein a plurality of the third oligonucleotide is provided in the one test tube.

22. The diagnostic kit of any one of claims 14-21, wherein the dengue virus is selected
from the group consisting of dengue virus serotype 1 (DENV-1), dengue virus serotype 2

(DENV-2), dengue virus serotype 3 (DENV-3) and dengue virus serotype 4 (DENV-4).

23. A method of rapidly diagnosing a dengue virus comprising:
providing the diagnostic kit of any one of claims 13-22;
providing target RNA of the dengue virus;
adding the target RNA of the dengue virus to the mixture of the plurality of carbon

nanotube-based labels and the plurality of conjugated magnetic beads in the one test tube.

24. The method of claim 23, wherein the plurality of carbon nanotube-based labels and

the plurality of conjugated magnetic beads aggregate in the presence of the target RNA of

the dengue virus.
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25. The method of claim 24, wherein the plurality of carbon nanotube-based labels and
the plurality of conjugated magnetic beads aggregate in the presence of the target RNA of

the dengue virus to form dark coloured complexes.

26. The method of claim 25, wherein the formation of dark coloured complexes allows

for visual detection of the target RNA of the dengue virus.

27. The method of any one of claims 24-26, wherein the aggregation of the plurality of
carbon nanotube-based labels and the plurality of conjugated magnetic beads is dependent

on the concentration of the target RNA of the dengue virus added to the mixture.

28. The method of any one of claims 23-27, wherein the dengue virus is selected from
the group consisting of dengue virus serotype 1 (DENV-1), dengue virus serotype 2 (DENV-
2), dengue virus serotype 3 (DENV-3) and dengue virus serotype 4 (DENV-4).

29. The method of any one of claims 25-28, wherein the formation of the dark coloured
complexes is generated in about 15 minutes or less, and wherein diagnosis of the dengue

virus is achieved in about 15 minutes or less.

30. The method of any one of claims 25-29, wherein the formation of the dark coloured
complexes is generated in about 10 minutes or less, and wherein diagnosis of the dengue

virus is achieved in about 10 minutes or less.

31. The method of any one of claims 25-30, wherein the formation of the dark coloured
complexes is generated in about 5 minutes or less, and wherein diagnosis of the dengue

virus is achieved in about 5 minutes or less.

32. The method of any one of claims 23-31, wherein the method has an accuracy of

about 98% or greater for diagnosing the dengue virus.

33. The method of any one of claims 23-32, wherein the method has an accuracy of

about 99% or greater for diagnosing the dengue virus.
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34, The method of any one of claims 23-33, wherein the method has an accuracy of

about 100% for diagnosing the dengue virus.

35. The method of any one of claims 23-34, wherein the method has a specificity of

about 98% or greater for diagnosing the dengue virus.

36. The method of any one of claims 23-35, wherein the method has a specificity of

about 99% or greater for diagnosing the dengue virus.

37. The method of any one of claims 23-36, wherein the method has a specificity of

about 100% for diagnosing the dengue virus.
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