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METHODS AND REAGENTS FOR DETECTION, QUANTITATION, AND

SEROTYPING OF DENGUE VIRUSES

TECHNICAL FIELD

The present invention pertains generally to dengue virus and viral diagnostics.

In particular, the invention relates to nucleic acids for use in the detection of dengue

viruses, including any of the serotypes 1-4.

BACKGROUND

Dengue fever, dengue hemorrhagic fever, and dengue shock syndrome result

from infection with one of four closely related serotypes of dengue virus, the most

common vector-borne pathogen worldwide. These serotypes are designated dengue

virus 1-4 (DEN 1-4), and they are transmitted by the mosquitoes Aedes aegypti and

Aedes albopictus, which reside in tropical and sub-tropical areas of the world (Special

Programme for Research and Training in Tropical Diseases, World Health

Organization, (2009) Dengue: guidelines for diagnosis, treatment, prevention, and

control. Geneva: TDR: World Health Organization). Infection with one serotype

(primary infection) results in immunity to that serotype, but infection can occur with

any of the remaining serotypes (secondary infection). Secondary infection has been

shown to be a significant risk factor for the development of severe dengue, including

dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) (Halstead et al.

(1970) Yale J . Biol. Med. 42: 3 11-328). Recent reports estimate that 230 million

infections occur annually, including 2 million cases of severe disease and 21,000

deaths. Over 3.6 billion people live in endemic regions and are at risk for infection

(Gubler (2012) Am. J . Trop. Med. Hyg. 86: 743-744).

Despite the widespread nature of this disease, available diagnostic tests remain

suboptimal (Special Programme for Research and Training in Tropical Diseases,

World Health Organization, (2009) Dengue: guidelines for diagnosis, treatment,

prevention, and control. Geneva: TDR: World Health Organization). The gold

standard for diagnosis remains seroconversion, requiring collection of both acute and

convalescent sera, and the gold standard for molecular diagnosis is a hemi-nested

reverse transcription polymerase chain reaction (RT-PCR) assay originally developed



in 1992 (Lanciotti et al. (1992) J . Clin. Microbiol. 30: 545-551). This assay requires

two rounds of PCR followed by gel electrophoresis for amplicon detection. Not only

do these numerous steps result in an increased risk of contamination, they also

significantly limit the clinical utility of this assay, as the turnaround time is one day or

longer. A number of other nucleic acid amplification tests have been developed for

the detection and serotyping of dengue, including RT-PCR, real-time RT-PCR (rRT-

PCR), and isothermal amplification techniques (Johnson et al. (2005) J . Clin.

Microbiol. 43: 4977-4983; Kong (2006) J . Virol. Methods 138: 123-130; Hue et al.

(201 1) J . Virol. Methods 177: 168-173; and Munoz- Jordan et al. (2009) J . Clin.

Microbiol. 47: 927-931). Many designs rely on two duplex reactions (two reactions

per sample) or even four separate reactions for serotyping, and single-reaction,

multiplex assays for detection and serotyping of dengue viruses lack the analytical

sensitivity of the original hemi-nested RT-PCR (Johnson et al, supra; Hue et al,

supra). Although these PCR assays are used around the world, an international

external quality control assessment, published in 2010 involving 37 laboratories

performing 46 tests, showed that 80% of these tests lacked sensitivity, specificity, or

both (Domingo et al. (2010) PLoS Negl. Trop. Dis. 4(10) pii: e833).

Rapid and point-of-care assays based on the detection of IgM, IgG, and the

non-structural 1 (NSl) protein have also been developed, but these all have significant

limitations. IgM does not become detectable until at least the third day of clinical

illness, but is not reliably positive until day five and beyond (Blacksell et al. (2006)

Clin. Infect. Dis. 42: 1127-1 134). These tests can be non-specific as IgM may persist

two to three months following infection, and IgM against other flaviviruses cross-

reacts with some tests (Blacksell et al. (2008) Diagn. Microbiol. Infect. Dis. 60: 43-

49; Blacksell et al. (201 1) Clin. Vaccine Immunol. 18: 2095-2101). IgG cannot

distinguish current from past infection, an important issue in endemic areas where

secondary infection is common. Assays based on detection of NSl tend to be specific

for dengue infection, but the sensitivity of these assays ranges widely in published

reports from 24-93% (Guzman et al. (2010) PLoS Negl. Trop. Dis. 4; Tricou et al.

(2010) BMC Infect. Dis. 10: 142). The sensitivity varies based on the specific assay

used and the infecting serotype (Guzman et al, supra). All of the assays also show a

roughly 20% decrease in sensitivity in the setting of secondary infection compared to

primary infection (Tricou et al, supra; Chaterji et al. (201 1) Am. J . Trop. Med. Hyg.

84: 224-228).



Thus, there remains a need for the development of effective strategies for the

diagnosis, treatment, and prevention of dengue viral infection. The availability of

nucleic acid diagnostic tests capable of efficiently detecting dengue virus in human

specimens such as plasma, serum and respiratory secretions will assist the medical

community in better diagnosing and treating dengue viral infections.

SUMMARY

The present invention is based on the development of sensitive, reliable

nucleic acid-based diagnostic assays for the detection of dengue viruses in biological

samples from potentially infected subjects. The methods allow the rapid detection in

a single assay of dengue virus infection caused by one or several dengue viruses, such

as caused by one or more dengue virus serotypes 1-4. The methods can also be used

to quantitate the amount of virus that is present and to determine which dengue virus

serotypes are present in the biological sample. If infection is detected, the individual

can be given appropriate therapy, and steps can be taken to prevent or reduce further

transmission and spread of dengue virus. If infection is ruled-out, other potential

causes of undifferentiated febrile illness can be further investigated.

The methods utilize primers and probes for amplifying and/or detecting target

sequences of one or more dengue virus serotypes, to allow detection of a single

serotype or multiple serotypes simultaneously in a single assay. In certain

embodiments, the dengue virus sequences are detected using reverse transcriptase-

polymerase chain reaction (RT-PCR), for example, using real-time RT-PCR and/or

multiplex RT-PCR. Other nucleic-acid based detection techniques such as, but not

limited to, nucleic acid sequence based amplification (NASBA), a 5' nuclease assay

(e.g., TaqMan™), or transcription-mediated amplification (TMA), can also be used.

Exemplary primers (SEQ ID NOS:5-12) and probes (SEQ ID NOS: 13-21) are

shown in Example 1 (see Tables 1 and 2). Changes to the nucleotide sequences of

these primers and probes may be introduced corresponding to genetic variations in

particular Dengue strains. For example up to three nucleotide changes, including 1

nucleotide change, 2 nucleotide changes, or three nucleotide changes, may be made in

a sequence selected from the group consisting of SEQ ID NOS:5-21, wherein the

oligonucleotide primer or probe is capable of hybridizing to and amplifying or

detecting a particular dengue virus target nucleic acid.



In one aspect, the invention includes a composition for detecting dengue virus

in a biological sample using a nucleic acid amplification assay, wherein the

composition comprises at least one set of oligonucleotide primers comprising a

forward primer and a reverse primer capable of amplifying at least a portion of a

dengue virus genome, the portion comprising a 5' UTR sequence or a dengue virus

capsid coding sequence, wherein the primers are not more than 40 nucleotides in

length, wherein said set of primers is selected from the group consisting of:

a) a forward primer comprising the sequence of SEQ ID NO:5 and a

reverse primer comprising the sequence of SEQ ID NO:9;

b) a forward primer comprising the sequence of SEQ ID NO:5 and a

reverse primer comprising the sequence of SEQ ID NO: 10;

c) a forward primer comprising the sequence of SEQ ID NO:5 and a

reverse primer comprising the sequence of SEQ ID NO:l 1;

d) a forward primer comprising the sequence of SEQ ID NO:6 and a

reverse primer comprising the sequence of SEQ ID NO: 10;

e) a forward primer comprising the sequence of SEQ ID NO:6 and a

reverse primer comprising the sequence of SEQ ID NO:l 1;

f a forward primer comprising the sequence of SEQ ID NO: and a

reverse primer comprising the sequence of SEQ ID NO:9;

g) a forward primer comprising the sequence of SEQ ID NO:8 and a

reverse primer comprising the sequence of SEQ ID NO: 12;

h) a forward primer and a reverse primer each comprising at least 10

contiguous nucleotides from the corresponding nucleotide sequences of the forward

primer and reverse primer of a primer set selected from the group consisting of (a)-

(g);

i) a forward primer and a reverse primer comprising at least one

nucleotide sequence that differs from the corresponding nucleotide sequence of the

forward primer or reverse primer of a primer set selected from the group consisting of

(a)-(g) in that the primer has up to three nucleotide changes compared to the

corresponding sequence, wherein the primer is capable of hybridizing to and

amplifying dengue virus nucleic acids in the nucleic acid amplification assay; and

j) a forward primer and a reverse primer comprising nucleotide

sequences that are complements of the corresponding nucleotide sequences of the



forward primer and reverse primer of a primer set selected from the group consisting

of(a)-(i).

In certain embodiments, the composition may further comprise at least one

detectably labeled oligonucleotide probe sufficiently complementary to and capable

of hybridizing with dengue virus R A or an amplicon thereof. Exemplary probes

include a probe comprising the sequence of SEQ ID NO: 13, a probe comprising the

sequence of SEQ ID NO: 14, a probe comprising the sequence of SEQ ID NO: 15, a

probe comprising the sequence of SEQ ID NO: 16, a probe comprising the sequence of

SEQ ID NO:17, a probe comprising the sequence of SEQ ID NO:18, a probe

comprising the sequence of SEQ ID NO: 19, a probe comprising the sequence of SEQ

ID NO:20, and a probe comprising the sequence of SEQ ID NO:21. The composition

may include a set of probes capable of detecting multiple serotypes of dengue virus,

including two or more, three or more, or all four serotypes of dengue virus. In one

embodiment, the set of probes comprises a probe comprising the sequence of SEQ ID

NO: 13, a probe comprising the sequence of SEQ ID NO: 14, a probe comprising the

sequence of SEQ ID NO: 15, and a probe comprising the sequence of SEQ ID NO: 16.

The probe may be detectably labeled with a fluorophore such as, but not

limited to carboxyfluorescein (FAM), CAL Fluor Orange 560, CAL Fluor Red 610,

Quasar Blue 670, 6-carboxyfluorescein (6-FAM), tetramethyl rhodamine (TAMRA),

and 2', 4', 5', 7'- tetrachloro-4-7-dichlorofluorescein (TET). In one embodiment, the

probe comprises a 5'-fluorophore and a 3'-quencher. For example, the probe may

comprises a 5'-fluorophore selected from the group consisting of carboxyfluorescein

(FAM), CAL Fluor Orange 560, CAL Fluor Red 610, Quasar Blue 670, and 2 , 4 , 5*,

7'-tetrachloro-4-7-dichlorofluorescein (TET) and a 3'-quencher selected from the

group consisting of a black hole quencher (BHQ), tetramethyl rhodamine (TAMRA),

dabcyl, and dihydrocyclopyrroloindole tripeptide minor groove binder (MGB). In one

embodiment, the probe is a molecular beacon.

In one embodiment, the composition comprises a primer comprising the

sequence of SEQ ID NO:5, a primer comprising the sequence of SEQ ID NO:6, a

primer comprising the sequence of SEQ ID NO:7, a primer comprising the sequence

of SEQ ID NO:8, a primer comprising the sequence of SEQ ID NO:9, a primer

comprising the sequence of SEQ ID NO: 10, a primer comprising the sequence of SEQ

ID NO:l 1, a primer comprising the sequence of SEQ ID NO: 12, a probe comprising

the sequence of SEQ ID NO: 13, a probe comprising the sequence of SEQ ID NO: 14,



a probe comprising the sequence of SEQ ID NO: 15, and a probe comprising the

sequence of SEQ ID NO:16.

In one embodiment, the probe comprising the sequence of SEQ ID NO: 13

further comprises a 5' FAM fluorophore and a 3' BHQ-1 quencher, the probe

comprising the sequence of SEQ ID NO: 14 further comprises a 5' CAL Fluor Orange

560 fluorophore and a 3' BHQ-1 quencher, the probe comprising the sequence of SEQ

ID NO: 15 further comprises a 5' CAL Fluor Red 610 fluorophore and a 3' BHQ-2

quencher, and the probe comprising the sequence of SEQ ID NO: 16 further comprises

a 5' Quasar Blue 670 fluorophore and a 3' BHQ-2 quencher.

In another aspect, the invention includes a method for detecting dengue virus

in a biological sample, the method comprising:

a) contacting a biological sample suspected of containing dengue virus with a

composition, as described herein, for detecting dengue virus by nucleic acid

amplification of viral RNA,

b) amplifying dengue virus nucleic acids if present, wherein the nucleic

acids comprise at least one target sequence selected from the group consisting of a

dengue- 1 target sequence, a dengue-2 target sequence, a dengue-3 target sequence,

and a dengue-4 target sequence; and

c) detecting the presence of the amplified nucleic acids using at least one

detectably labeled oligonucleotide probe sufficiently complementary to and capable

of hybridizing with the dengue virus RNA or amplicon thereof, if present, as an

indication of the presence or absence of dengue virus in the sample.

In one embodiment, at least one probe is selected from the group consisting of

a probe comprising the sequence of SEQ ID NO: 13, a probe comprising the sequence

of SEQ ID NO: 14, a probe comprising the sequence of SEQ ID NO: 15, a probe

comprising the sequence of SEQ ID NO: 16, a probe comprising the sequence of SEQ

ID NO: 17, a probe comprising the sequence of SEQ ID NO: 18, a probe comprising

the sequence of SEQ ID NO: 19, a probe comprising the sequence of SEQ ID NO:20,

and a probe comprising the sequence of SEQ ID NO:21.

In another embodiment, a set of probes is used for detecting dengue virus in a

biological sample, wherein the set of probes comprises a probe comprising the

sequence of SEQ ID NO: 13, a probe comprising the sequence of SEQ ID NO: 14, a

probe comprising the sequence of SEQ ID NO: 15, and a probe comprising the

sequence of SEQ ID NO:16.



In certain embodiments, the probe used in the method of detecting dengue

virus comprises a fluorophore, such as, but not limited to carboxyfluorescein (FAM),

CAL Fluor Orange 560, CAL Fluor Red 610, Quasar Blue 670, 6-carboxyfluorescein

(6-FAM), tetramethyl rhodamine (TAMRA), and 2', 4', 5', T - tetrachloro-4-7-

dichlorofluorescein (TET). The detectably labeled probe may comprise a 5'-

fluorophore and a 3'-quencher. For example, the probe may comprises a 5'-

fluorophore selected from the group consisting of carboxyfluorescein (FAM), CAL

Fluor Orange 560, CAL Fluor Red 610, Quasar Blue 670, and 2', 4', 5', 7'-tetrachloro-

4-7-dichloro fluorescein (TET) and a 3'-quencher selected from the group consisting of

a black hole quencher (BHQ), tetramethyl rhodamine (TAMRA), dabcyl, and

dihydrocyclopyrroloindole tripeptide minor groove binder (MGB). In one

embodiment, the probe used for detection of dengue virus is a molecular beacon.

In one embodiment, the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, a

primer comprising the sequence of SEQ ID NO:6, a primer comprising the sequence

of SEQ ID NO:7, a primer comprising the sequence of SEQ ID NO:8, a primer

comprising the sequence of SEQ ID NO:9, a primer comprising the sequence of SEQ

ID NO: 10, a primer comprising the sequence of SEQ ID NO:l 1, and a primer

comprising the sequence of SEQ ID NO: 12.

In another embodiment, the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, a

primer comprising the sequence of SEQ ID NO: 8, a primer comprising the sequence

of SEQ ID NO:9, a primer comprising the sequence of SEQ ID NO: 10, and a primer

comprising the sequence of SEQ ID NO: 12.

In another embodiment, the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, a

primer comprising the sequence of SEQ ID NO: 8, a primer comprising the sequence

of SEQ ID NO:9, a primer comprising the sequence of SEQ ID NO: 11, and a primer

comprising the sequence of SEQ ID NO: 12.

In another embodiment, the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, a

primer comprising the sequence of SEQ ID NO: 8, a primer comprising the sequence

of SEQ ID NO:9, a primer comprising the sequence of SEQ ID NO: 10, a primer



comprising the sequence of SEQ ID NO:l 1, and a primer comprising the sequence of

SEQ ID NO: 12.

In another embodiment, the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, a

primer comprising the sequence of SEQ ID NO:6, a primer comprising the sequence

of SEQ ID NO:8, a primer comprising the sequence of SEQ ID NO:9, a primer

comprising the sequence of SEQ ID NO: 10, and a primer comprising the sequence of

SEQ ID NO: 12.

In another embodiment, the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, a

primer comprising the sequence of SEQ ID NO:6, a primer comprising the sequence

of SEQ ID NO:8, a primer comprising the sequence of SEQ ID NO:9, a primer

comprising the sequence of SEQ ID NO:l 1, and a primer comprising the sequence of

SEQ ID NO: 12.

In another embodiment, the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5,

primer comprising the sequence of SEQ ID NO:7, a primer comprising the sequence

of SEQ ID NO:8, a primer comprising the sequence of SEQ ID NO:9, a primer

comprising the sequence of SEQ ID NO: 10, and a primer comprising the sequence of

SEQ ID NO: 12.

In another embodiment, the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5,

primer comprising the sequence of SEQ ID NO:7, a primer comprising the sequence

of SEQ ID NO:8, a primer comprising the sequence of SEQ ID NO:9, a primer

comprising the sequence of SEQ ID NO:l 1, and a primer comprising the sequence of

SEQ ID NO: 12.

In another embodiment, the primers and probes that are used for detecting

dengue virus in a biological sample comprise a primer comprising the sequence of

SEQ ID NO:5, a primer comprising the sequence of SEQ ID NO:6, a primer

comprising the sequence of SEQ ID NO:7, a primer comprising the sequence of SEQ

ID NO:8, a primer comprising the sequence of SEQ ID NO:9, a primer comprising the

sequence of SEQ ID NO: 10, a primer comprising the sequence of SEQ ID NO:l 1, a

primer comprising the sequence of SEQ ID NO: 12, a probe comprising the sequence

of SEQ ID NO: 13, a probe comprising the sequence of SEQ ID NO: 14, a probe



comprising the sequence of SEQ ID NO: 15, and a probe comprising the sequence of

SEQ ID NO: 16. In one embodiment, the probe comprising the sequence of SEQ ID

NO: 13 further comprises a 5' FAM fluorophore and a 3' BHQ-1 quencher, the probe

comprising the sequence of SEQ ID NO: 14 further comprises a 5' CAL Fluor Orange

560 fluorophore and a 3' BHQ-1 quencher, the probe comprising the sequence of SEQ

ID NO: 15 further comprises a 5' CAL Fluor Red 610 fluorophore and a 3' BHQ-2

quencher, and the probe comprising the sequence of SEQ ID NO: 16 further comprises

a 5' Quasar Blue 670 fluorophore and a 3' BHQ-2 quencher.

In another aspect, the invention includes an isolated oligonucleotide not more

than 40 nucleotides in length comprising a nucleotide sequence comprising at least 10

contiguous nucleotides from a nucleotide sequence selected from the group consisting

of SEQ ID NOS:5-21; or variants thereof comprising a nucleotide sequence that

differs from a nucleotide sequence selected from the group consisting of SEQ ID

NOS:5-21 by up to three nucleotide changes, wherein the oligonucleotide is capable

of hybridizing to and amplifying and/or detecting dengue virus nucleic acids; or

complements thereof. Oligonucleotides may further comprise a detectable label. For

example, the detectable label may be a fluorophore such as, but not limited to

carboxyfluorescein (FAM), CAL Fluor Orange 560, CAL Fluor Red 610, Quasar Blue

670, 6-carboxyfluorescein (6-FAM), tetramethyl rhodamine (TAMRA), and 2', 4', 5',

7 - tetrachloro-4-7-dichlorofluorescein (TET). The oligonucleotide may further

comprise a quencher such as, but not limited to a black hole quencher (BHQ),

tetramethyl rhodamine (TAMRA), dabcyl, and a minor groove binder (MGB). In

certain embodiments, the oligonucleotide is selected from the group consisting of: an

oligonucleotide consisting of a nucleotide sequence selected from the group

consisting of SEQ ID NOS:5-21 or a complement thereof.

In another aspect, the invention includes a kit for detecting dengue virus in a

biological sample by nucleic acid amplification of viral RNA. The kit may comprise

a composition, as described herein, comprising at least one set of primers including a

forward primer and a reverse primer capable of amplifying at least a portion of a

dengue virus genome, including a 5' UTR sequence or a dengue capsid coding

sequence. The kit may further comprise written instructions for identifying the

presence of the dengue virus, quantitating the virus, and/or serotyping dengue virus.

The kit may also comprise reagents for performing reverse transcriptase polymerase



chain reaction (RT-PCR), nucleic acid sequence based amplification (NASBA),

transcription-mediated amplification (TMA), or a fluorogenic 5' nuclease assay.

The methods of the invention can be used to detect dengue virus in biological

samples such as, but not limited to, blood, plasma, serum, peripheral blood

mononuclear cells, liver, lung, spleen, thymus, kidneys, lymph nodes, and bone

marrow. Using the methods of the invention, individuals infected with dengue virus

can be identified. The, dengue virus can be specifically detected even in samples

containing other viruses, such as West Nile virus, Japanese encephalitis virus, tick-

born encephalitis virus, HIV and/or HCV. Moreover, the assays can be used to screen

mosquitoes, primates, and other hosts for dengue virus in order to determine if a

particular insect or animal population is infected with the virus, thereby preventing

further transmission and spread of dengue virus infection. Additionally, infected

blood samples can be detected and excluded from transfusion, as well as from the

preparation of blood derivatives.

These and other embodiments of the subject invention will readily occur to

those of skill in the art in view of the disclosure herein.

BRIEF DESCRIPTION OF THE FIGURES

Figures 1A- ID show the linear ranges for multiplex rRT-PCR assays for the

four dengue serotypes: dengue 1 (Fig. 1A), dengue 2 (Fig. IB), dengue 3 (Fig. 1C),

and dengue 4 (Fig. ID).

DETAILED DESCRIPTION OF THE INVENTION

The practice of the present invention will employ, unless otherwise indicated,

conventional methods of virology, chemistry, biochemistry, recombinant DNA

techniques and immunology, within the skill of the art. Such techniques are explained

fully in the literature. See, e.g., Fundamental Virology (D.M. Knipe, P.M. Howley,

D.E. Griffin, R.A. Lamb, M.A. Martin, B. Roizman, S.E. Straus, eds.), Lippincott

Williams & Wilkins; Fourth edition, 2001; Dengue Virus (Current Topics in

Microbiology and Immunology, A.L. Rothman, ed.), Springer; 1st edition, 2009;

Frontiers in Dengue Virus Research (K.A. Hanley and S.C. Weaver eds.), Caister

Academic Press, 1st edition, 2010; Handbook of Experimental Immunology, Vols. I-IV

(D.M. Weir and C.C. Blackwell eds., Blackwell Scientific Publications); T.E.

Creighton, Proteins: Structures and Molecular Properties (W.H. Freeman and



Company, 1993); A.L. Lehninger, Biochemistry (Worth Publishers, Inc., current

addition); Sambrook, et al, Molecular Cloning: A Laboratory Manual (3rd Edition,

2001); Methods In Enzymology (S. Colowick and N . Kaplan eds., Academic Press,

Inc.).

All publications, patents and patent applications cited herein, whether supra or

infra, are hereby incorporated by reference in their entireties.

1. DEFINITIONS

In describing the present invention, the following terms will be employed, and

are intended to be defined as indicated below.

It must be noted that, as used in this specification and the appended claims, the

singular forms "a", "an" and "the" include plural referents unless the content clearly

dictates otherwise. Thus, for example, reference to "a Dengue virus oligonucleotide"

includes a mixture of two or more such oligonucleotides, and the like.

As used herein, the term "dengue virus" refers to members of the Flaviviridae

family of enveloped viruses with a single-stranded positive-sense RNA genome (see,

e.g., Frontiers in Dengue Virus Research, Hanley and Weaver (editors), Caister

Academic Press, 2010). The term dengue virus may include any serotype of dengue

virus, such as serotypes 1-4, which is capable of causing disease in an animal or

human subject. In particular, the term encompasses any subtype of dengue virus that

causes disease in humans, including strains DEN 1 Hawaii 1944, Den 2 New Guinea

C strain, DEN 3 strain H87, and DEN 4 strain H241 . A large number of dengue

isolates have been partially or completely sequenced. See, e.g., the Broad Institute

Dengue Virus Portal (website at broadinstitute.org/annotation/viral/Dengue/); the

Dengue Virus Database (website at denguedb.org); the Virus Pathogen Resource

(website at viprbrc.org/brc/home. do?decorator=flavi_dengue) and the GenBank

database, which contain complete sequences for dengue viruses, including serotypes

1-4.

"Substantially purified" generally refers to isolation of a substance

(compound, polynucleotide, oligonucleotide, protein, or polypeptide) such that the

substance comprises the majority percent of the sample in which it resides. Typically

in a sample, a substantially purified component comprises 50%, preferably 80%-85%,

more preferably 90-95% of the sample. Techniques for purifying polynucleotides



oligonucleotides and polypeptides of interest are well-known in the art and include,

for example, ion-exchange chromatography, affinity chromatography and

sedimentation according to density.

By "isolated" is meant, when referring to a polypeptide, that the indicated

molecule is separate and discrete from the whole organism with which the molecule is

found in nature or is present in the substantial absence of other biological

macro -molecules of the same type. The term "isolated" with respect to a

polynucleotide or oligonucleotide is a nucleic acid molecule devoid, in whole or part,

of sequences normally associated with it in nature; or a sequence, as it exists in

nature, but having heterologous sequences in association therewith; or a molecule

disassociated from the chromosome.

"Homology" refers to the percent identity between two polynucleotide or two

polypeptide moieties. Two nucleic acid, or two polypeptide sequences are

"substantially homologous" to each other when the sequences exhibit at least about

50% sequence identity, preferably at least about 75% sequence identity, more

preferably at least about 80%-85% sequence identity, more preferably at least about

90% sequence identity, and most preferably at least about 95%>-98%> sequence identity

over a defined length of the molecules. As used herein, substantially homologous

also refers to sequences showing complete identity to the specified sequence.

In general, "identity" refers to an exact nucleotide-to-nucleotide or amino

acid-to-amino acid correspondence of two polynucleotides or polypeptide sequences,

respectively. Percent identity can be determined by a direct comparison of the

sequence information between two molecules by aligning the sequences, counting the

exact number of matches between the two aligned sequences, dividing by the length

of the shorter sequence, and multiplying the result by 100. Readily available

computer programs can be used to aid in the analysis, such as ALIGN, Dayhoff, M.O.

in Atlas of Protein Sequence and Structure M.O. Dayhoff ed., 5 Suppl. 3:353-358,

National biomedical Research Foundation, Washington, DC, which adapts the local

homology algorithm of Smith and Waterman Advances in Appl. Math. 2:482-489,

1981 for peptide analysis. Programs for determining nucleotide sequence identity are

available in the Wisconsin Sequence Analysis Package, Version 8 (available from

Genetics Computer Group, Madison, WI) for example, the BESTFIT, FASTA and

GAP programs, which also rely on the Smith and Waterman algorithm. These

programs are readily utilized with the default parameters recommended by the



manufacturer and described in the Wisconsin Sequence Analysis Package referred to

above. For example, percent identity of a particular nucleotide sequence to a

reference sequence can be determined using the homology algorithm of Smith and

Waterman with a default scoring table and a gap penalty of six nucleotide positions.

Another method of establishing percent identity in the context of the present

invention is to use the MPSRCH package of programs copyrighted by the University

of Edinburgh, developed by John F. Collins and Shane S. Sturrok, and distributed by

IntelliGenetics, Inc. (Mountain View, CA). From this suite of packages the

Smith-Waterman algorithm can be employed where default parameters are used for

the scoring table (for example, gap open penalty of 12, gap extension penalty of one,

and a gap of six). From the data generated the "Match" value reflects "sequence

identity." Other suitable programs for calculating the percent identity or similarity

between sequences are generally known in the art, for example, another alignment

program is BLAST, used with default parameters. For example, BLASTN and

BLASTP can be used using the following default parameters: genetic code = standard;

filter = none; strand = both; cutoff = 60; expect = 10; Matrix = BLOSUM62;

Descriptions = 50 sequences; sort by = HIGH SCORE; Databases = non-redundant,

GenBank + EMBL + DDBJ + PDB + GenBank CDS translations + Swiss protein +

Spupdate + PIR. Details of these programs are readily available.

Alternatively, homology can be determined by hybridization of

polynucleotides under conditions which form stable duplexes between homologous

regions, followed by digestion with single-stranded-specific nuclease(s), and size

determination of the digested fragments. DNA sequences that are substantially

homologous can be identified in a Southern hybridization experiment under, for

example, stringent conditions, as defined for that particular system. Defining

appropriate hybridization conditions is within the skill of the art. See, e.g., Sambrook

et al, supra; DNA Cloning, supra; Nucleic Acid Hybridization, supra.

The terms "polynucleotide," "oligonucleotide," "nucleic acid" and "nucleic

acid molecule" are used herein to include a polymeric form of nucleotides of any

length, either ribonucleotides or deoxyribonucleotides. This term refers only to the

primary structure of the molecule. Thus, the term includes triple-, double- and

single-stranded DNA, as well as triple-, double- and single-stranded RNA. It also

includes modifications, such as by methylation and/or by capping, and unmodified

forms of the polynucleotide. More particularly, the terms "polynucleotide,"



"oligonucleotide," "nucleic acid" and "nucleic acid molecule" include

polydeoxyribonucleotides (containing 2-deoxy-D-ribose), polyribonucleotides

(containing D-ribose), any other type of polynucleotide which is an N- or C-glycoside

of a purine or pyrimidine base, and other polymers containing nonnucleotidic

backbones, for example, polyamide (e.g., peptide nucleic acids (PNAs)) and

polymorpholino (commercially available from the Anti-Virals, Inc., Corvallis,

Oregon, as Neugene) polymers, and other synthetic sequence-specific nucleic acid

polymers providing that the polymers contain nucleobases in a configuration which

allows for base pairing and base stacking, such as is found in DNA and RNA. There

is no intended distinction in length between the terms "polynucleotide,"

"oligonucleotide," "nucleic acid" and "nucleic acid molecule," and these terms will be

used interchangeably. Thus, these terms include, for example, 3'-deoxy-2',5'-DNA,

oligodeoxyribonucleotide N3' P5' phosphoramidates, 2'-0-alkyl-substituted RNA,

double- and single-stranded DNA, as well as double- and single-stranded RNA,

DNA:RNA hybrids, and hybrids between PNAs and DNA or RNA, and also include

known types of modifications, for example, labels which are known in the art,

methylation, "caps," substitution of one or more of the naturally occurring nucleotides

with an analog, internucleotide modifications such as, for example, those with

uncharged linkages (e.g., methyl phosphonates, phosphotriesters, phosphoramidates,

carbamates, etc.), with negatively charged linkages (e.g., phosphorothioates,

phosphorodithioates, etc.), and with positively charged linkages (e.g.,

aminoalklyphosphoramidates, aminoalkylphosphotriesters), those containing pendant

moieties, such as, for example, proteins (including nucleases, toxins, antibodies,

signal peptides, poly-L-lysine, etc.), those with intercalators (e.g., acridine, psoralen,

etc.), those containing chelators (e.g., metals, radioactive metals, boron, oxidative

metals, etc.), those containing alkylators, those with modified linkages (e.g., alpha

anomeric nucleic acids, etc.), as well as unmodified forms of the polynucleotide or

oligonucleotide.

A dengue virus polynucleotide, oligonucleotide, nucleic acid and nucleic acid

molecule, as defined above, is a nucleic acid molecule derived from a dengue virus,

including, without limitation, any of the various dengue virus serotypes 1-4. The

molecule need not be physically derived from the particular isolate in question, but

may be synthetically or recombinantly produced.



Nucleic acid sequences for a number of dengue virus isolates are known.

Representative dengue virus sequences are presented in SEQ ID NOS:l-4 of the

Sequence Listing. Additional representative sequences, including sequences of the

5'-untranslated region (UTR) and coding region for the capsid protein C from dengue

virus isolates are listed in the National Center for Biotechnology Information (NCBI)

database. See, for example, NCBI entries: Accession No. NC_001477, Accession

No. NC_001474, Accession No. NC_001475, Accession No. NC_002640, Accession

No. AB609588, Accession No. EU848545, Accession No. AB609589, Accession No.

AF038403, Accession No. AF038402, Accession No. M29095, Accession No.

M93130, Accession No. AB609590, Accession No. AB609591, Accession No.

S66064, Accession No. AY947539, Accession No. JN559741, Accession No.

JN559740, Accession No. JF357906, Accession No. HQ634199, Accession No.

HQ541794, Accession No. EU076567, Accession No. EU076565, Accession No.

EU076563, Accession No. EU076561, Accession No. JQ950328, Accession No.

JN796245, Accession No. JN819424, Accession No. JN819422, Accession No.

JN819414, Accession No. JN819412, Accession No. JN819406, Accession No.

JN819417, Accession No. JN819415, Accession No. JN819409, Accession No.

JN093514, Accession No. JF730055, Accession No. JN000937, Accession No.

JF937647, Accession No. JN819406, Accession No. GQ868543; all of which

sequences (as entered by the date of filing of this application) are herein incorporated

by reference. See also Weaver et al. (2009) Infect. Genet. Evol. 9(4):523-540 and

Rico-Hesse (2003) Adv. Virus Res. 59:315-341 for sequence comparisons and a

discussion of genetic diversity and phylogenetic analysis of dengue viruses.

A polynucleotide "derived from" a designated sequence refers to a

polynucleotide sequence which comprises a contiguous sequence of approximately at

least about 6 nucleotides, preferably at least about 8 nucleotides, more preferably at

least about 10-12 nucleotides, and even more preferably at least about 15-20

nucleotides corresponding, i.e., identical or complementary to, a region of the

designated nucleotide sequence. The derived polynucleotide will not necessarily be

derived physically from the nucleotide sequence of interest, but may be generated in

any manner, including, but not limited to, chemical synthesis, replication, reverse

transcription or transcription, which is based on the information provided by the

sequence of bases in the region(s) from which the polynucleotide is derived. As such,



it may represent either a sense or an antisense orientation of the original

polynucleotide.

"Recombinant" as used herein to describe a nucleic acid molecule means a

polynucleotide of genomic, cDNA, viral, semisynthetic, or synthetic origin which, by

virtue of its origin or manipulation is not associated with all or a portion of the

polynucleotide with which it is associated in nature. The term "recombinant" as used

with respect to a protein or polypeptide means a polypeptide produced by expression

of a recombinant polynucleotide. In general, the gene of interest is cloned and then

expressed in transformed organisms, as described further below. The host organism

expresses the foreign gene to produce the protein under expression conditions.

As used herein, a "solid support" refers to a solid surface such as a magnetic

bead, latex bead, microtiter plate well, glass plate, nylon, agarose, acrylamide, and the

like.

As used herein, the term "target nucleic acid region" or "target nucleic acid"

denotes a nucleic acid molecule with a "target sequence" to be amplified. The target

nucleic acid may be either single-stranded or double-stranded and may include other

sequences besides the target sequence, which may not be amplified. The term "target

sequence" refers to the particular nucleotide sequence of the target nucleic acid which

is to be amplified. The target sequence may include a probe-hybridizing region

contained within the target molecule with which a probe will form a stable hybrid

under desired conditions. The "target sequence" may also include the complexing

sequences to which the oligonucleotide primers complex and extended using the

target sequence as a template. Where the target nucleic acid is originally

single-stranded, the term "target sequence" also refers to the sequence complementary

to the "target sequence" as present in the target nucleic acid. If the "target nucleic

acid" is originally double-stranded, the term "target sequence" refers to both the plus

(+) and minus (-) strands (or sense and anti-sense strands).

The term "primer" or "oligonucleotide primer" as used herein, refers to an

oligonucleotide that hybridizes to the template strand of a nucleic acid and initiates

synthesis of a nucleic acid strand complementary to the template strand when placed

under conditions in which synthesis of a primer extension product is induced, i.e., in

the presence of nucleotides and a polymerization-inducing agent such as a DNA or

RNA polymerase and at suitable temperature, pH, metal concentration, and salt

concentration. The primer is preferably single-stranded for maximum efficiency in



amplification, but may alternatively be double-stranded. If double-stranded, the

primer can first be treated to separate its strands before being used to prepare

extension products. This denaturation step is typically effected by heat, but may

alternatively be carried out using alkali, followed by neutralization. Thus, a "primer"

is complementary to a template, and complexes by hydrogen bonding or hybridization

with the template to give a primer/template complex for initiation of synthesis by a

polymerase, which is extended by the addition of covalently bonded bases linked at its

3' end complementary to the template in the process of DNA or RNA synthesis.

Typically, dengue virus nucleic acids are amplified using at least one set of

oligonucleotide primers comprising at least one forward primer and at least one

reverse primer capable of hybridizing to regions of a dengue virus nucleic acid

flanking the portion of the dengue virus nucleic acid to be amplified. A forward

primer is complementary to the 3' end of the antigenomic dengue virus template

produced during replication or amplification of dengue virus nucleic acids. A reverse

primer is complementary to the 3' end of the dengue virus positive sense genomic

RNA strand.

The term "amplicon" refers to the amplified nucleic acid product of a PCR

reaction or other nucleic acid amplification process (e.g., ligase chain reaction (LGR),

nucleic acid sequence based amplification (NASBA), transcription-mediated

amplification (TMA), Q-beta amplification, strand displacement amplification, or

target mediated amplification). Amplicons may comprise RNA or DNA depending

on the technique used for amplification. For example, DNA amplicons may be

generated by RT-PCR, whereas RNA amplicons may be generated by TMA/NASBA.

As used herein, the term "probe" or "oligonucleotide probe" refers to a

polynucleotide, as defined above, that contains a nucleic acid sequence

complementary to a nucleic acid sequence present in the target nucleic acid analyte.

The polynucleotide regions of probes may be composed of DNA, and/or RNA, and/or

synthetic nucleotide analogs. Probes may be labeled in order to detect the target

sequence. Such a label may be present at the 5' end, at the 3' end, at both the 5' and

3' ends, and/or internally. The "oligonucleotide probe" may contain at least one

fluorescer and at least one quencher. Quenching of fluorophore fluorescence may be

eliminated by exonuclease cleavage of the fluorophore from the oligonucleotide (e.g.,

TaqMan assay) or by hybridization of the oligonucleotide probe to the nucleic acid

target sequence (e.g., molecular beacons). Additionally, the oligonucleotide probe



will typically be derived from a sequence that lies between the sense and the antisense

primers when used in a nucleic acid amplification assay.

As used herein, the term "capture oligonucleotide" refers to an oligonucleotide

that contains a nucleic acid sequence complementary to a nucleic acid sequence

present in the target nucleic acid analyte such that the capture oligonucleotide can

"capture" the target nucleic acid. One or more capture oligonucleotides can be used

in order to capture the target analyte. The polynucleotide regions of a capture

oligonucleotide may be composed of DNA, and/or RNA, and/or synthetic nucleotide

analogs. By "capture" is meant that the analyte can be separated from other

components of the sample by virtue of the binding of the capture molecule to the

analyte. Typically, the capture molecule is associated with a solid support, either

directly or indirectly.

It will be appreciated that the hybridizing sequences need not have perfect

complementarity to provide stable hybrids. In many situations, stable hybrids will

form where fewer than about 10% of the bases are mismatches, ignoring loops of four

or more nucleotides. Accordingly, as used herein the term "complementary" refers to

an oligonucleotide that forms a stable duplex with its "complement" under assay

conditions, generally where there is about 90% or greater homology.

The terms "hybridize" and "hybridization" refer to the formation of complexes

between nucleotide sequences which are sufficiently complementary to form

complexes via Watson-Crick base pairing. Where a primer "hybridizes" with target

(template), such complexes (or hybrids) are sufficiently stable to serve the priming

function required by, e.g., the DNA polymerase to initiate DNA synthesis.

As used herein, the term "binding pair" refers to first and second molecules

that specifically bind to each other, such as complementary polynucleotide pairs

capable of forming nucleic acid duplexes. "Specific binding" of the first member of

the binding pair to the second member of the binding pair in a sample is evidenced by

the binding of the first member to the second member, or vice versa, with greater

affinity and specificity than to other components in the sample. The binding between

the members of the binding pair is typically noncovalent. Unless the context clearly

indicates otherwise, the terms "affinity molecule" and "target analyte" are used herein

to refer to first and second members of a binding pair, respectively.

The terms "specific-binding molecule" and "affinity molecule" are used

interchangeably herein and refer to a molecule that will selectively bind, through



chemical or physical means to a detectable substance present in a sample. By

"selectively bind" is meant that the molecule binds preferentially to the target of

interest or binds with greater affinity to the target than to other molecules. For

example, a DNA molecule will bind to a substantially complementary sequence and

not to unrelated sequences. An oligonucleotide that "specifically binds" to a

particular type of dengue virus, such as a particular serotype of dengue virus (e.g.,

dengue-1, dengue-2, dengue-3, or dengue-4), denotes an oligonucleotide, e.g., a

primer, probe or a capture oligonucleotide, that binds to the particular dengue virus

serotype, but does not bind to a sequence from other types of dengue viruses.

The terms "selectively detects" or "selectively detecting" refer to the detection

of dengue virus nucleic acids using oligonucleotides, e.g., primers, probes and/or

capture oligonucleotides that are capable of detecting a particular dengue virus

nucleic acid, for example, by amplifying and/or binding to at least a portion of an

RNA segment from a particular type of dengue virus, such as a particular dengue

virus serotype (e.g., dengue-1, dengue-2, dengue-3, or dengue-4), but do not amplify

and/or bind to sequences from other types of dengue viruses under appropriate

hybridization conditions.

The "melting temperature" or "Tm" of double-stranded DNA is defined as the

temperature at which half of the helical structure of DNA is lost due to heating or

other dissociation of the hydrogen bonding between base pairs, for example, by acid

or alkali treatment, or the like. The Tm of a DNA molecule depends on its length and

on its base composition. DNA molecules rich in GC base pairs have a higher Tm than

those having an abundance of AT base pairs. Separated complementary strands of

DNA spontaneously reassociate or anneal to form duplex DNA when the temperature

is lowered below the Tm. The highest rate of nucleic acid hybridization occurs

approximately 25 degrees C below the Tm. The Tm may be estimated using the

following relationship: Tm = 69.3 + 0.41(GC)% (Marmur et al. (1962) J. Mol. Biol.

5:109-1 18).

As used herein, a "biological sample" refers to a sample of cells, tissue, or

fluid isolated from a subject, including but not limited to, for example, blood, plasma,

serum, fecal matter, urine, bone marrow, bile, spinal fluid, lymph fluid, samples of the

skin, external secretions of the skin, respiratory, intestinal, and genitourinary tracts,

tears, saliva, milk, blood cells (e.g., peripheral blood mononuclear cells), organs (e.g.,

liver, lung, spleen, thymus, kidney, or lymph node), biopsies and also samples of in



vitro cell culture constituents including but not limited to conditioned media resulting

from the growth of cells and tissues in culture medium, e.g., recombinant cells, and

cell components.

As used herein, the terms "label" and "detectable label" refer to a molecule

capable of detection, including, but not limited to, radioactive isotopes, fluorescers,

chemiluminescers, chromophores, enzymes, enzyme substrates, enzyme cofactors,

enzyme inhibitors, semiconductor nanoparticles, dyes, metal ions, metal sols, ligands

(e.g., biotin, strepavidin or haptens) and the like. The term "fluorescer" refers to a

substance or a portion thereof which is capable of exhibiting fluorescence in the

detectable range. Particular examples of labels which may be used in the practice of

the invention include, but are not limited to, horseradish peroxidase (HRP), SYBR®

green, SYBR® gold, fluorescein, carboxyfluorescein (FAM), CAL Fluor Orange 560,

CAL Fluor Red 610, Quasar Blue 670, tetramethyl rhodamine (TAMRA), 2 , 4 , 5', 7 -

tetrachloro-4-7-dichlorofluorescein (TET), FITC, rhodamine, dansyl, umbelliferone,

dimethyl acridinium ester (DMAE), Texas red, luminol, NADPH, and α-β-

galactosidase.

A "molecular beacon" probe is a single-stranded oligonucleotide, typically 25

to 40 bases-long, in which the bases on the 3' and 5' ends are complementary forming

a "stem," typically for 5 to 8 base pairs. A molecular beacon probe forms a hairpin

structure at temperatures at and below those used to anneal the primers to the template

(typically below about 60°C). The double-helical stem of the hairpin brings a

fluorophore (or other label) attached to the 5' end of the probe in proximity to a

quencher attached to the 3' end of the probe. The probe does not fluoresce (or

otherwise provide a signal) in this conformation. If a probe is heated above the

temperature needed to melt the double stranded stem apart, or the probe hybridizes to

a target nucleic acid that is complementary to the sequence within the single-strand

loop of the probe, the fluorophore and the quencher are separated, and the fluorophore

fluoresces in the resulting conformation. Therefore, in a series of PCR cycles the

strength of the fluorescent signal increases in proportion to the amount of the

molecular beacon that is hybridized to the amplicon, when the signal is read at the

annealing temperature. Molecular beacons of high specificity, having different loop

sequences and conjugated to different fluorophores, can be selected in order to

monitor increases in amplicons that differ by as little as one base (Tyagi, S. and

Kramer, F. R. (1996), Nat. Biotech. 14:303 308; Tyagi, S. et al, (1998), Nat. Biotech.



16: 49 53; Kostrikis, L. G. et al, (1998), Science 279: 1228 1229; all of which are

herein incorporated by reference).

By "subject" is meant any member of the subphylum chordata, including,

without limitation, humans and other primates, including non-human primates such as

chimpanzees and other apes and monkey species; farm animals such as cattle, sheep,

pigs, goats and horses; domestic mammals such as dogs and cats; birds; and

laboratory animals, including rodents such as mice, rats and guinea pigs, and the like.

The term does not denote a particular age. Thus, both adult and newborn individuals

are intended to be covered.

2 . MODES OF CARRYING OUT THE INVENTION

Before describing the present invention in detail, it is to be understood that this

invention is not limited to particular formulations or process parameters as such may,

of course, vary. It is also to be understood that the terminology used herein is for the

purpose of describing particular embodiments of the invention only, and is not

intended to be limiting.

Although a number of methods and materials similar or equivalent to those

described herein can be used in the practice of the present invention, the preferred

materials and methods are described herein.

The present invention is based on the discovery of reagents and methods for

diagnosing infection caused by dengue viruses, including in particular, the human

pathogenic dengue viruses of serotypes 1-4. The methods are useful for detecting

dengue virus in biological samples such as blood samples, including without

limitation, in whole blood, serum and plasma. Thus, the methods can be used to

diagnose dengue virus infection in a subject, as well as to detect dengue virus

contamination in donated blood samples. Aliquots from individual donated samples

or pooled samples can be screened for the presence of dengue virus and those samples

or pooled samples contaminated with dengue virus can be eliminated before they are

combined. In this way, a blood supply substantially free of dengue virus

contamination can be provided.

Dengue virus can also be detected in cell or tissue samples in which the virus

proliferates, including, but not limited to peripheral blood mononuclear cells and

tissue samples obtained from the liver, lung, spleen, thymus, kidneys, lymph nodes, or



bone marrow. The, dengue virus can be specifically detected even in samples

containing other viruses, such as West Nile virus, Japanese encephalitis virus, tick-

born encephalitis virus, human immunodeficiency virus (HIV), and/or hepatitis C

virus (HCV). Moreover, the methods described herein can be used to screen

mosquitoes, primates, and other hosts for dengue virus in order to determine if a

particular insect or animal population is infected with the virus, thereby preventing

further transmission and spread of dengue virus infection.

The methods use oligonucleotide reagents (e.g., oligonucleotide primers and

probes) or a combination of reagents capable of detecting one or more pathogenic

dengue viruses in a single assay. In one format, primer pairs and probes capable of

detecting one or more pathogenic dengue viruses are used. For example, certain

primers and probes are from "conserved" regions and therefore capable of detecting

more than one pathogenic dengue virus, such as any combination of two or more

dengue viruses pathogenic in humans, for example, two or more serotypes of dengue

virus (e.g., both dengue-1 and dengue-3; or dengue-1, dengue-2, and dengue-3).

By way of example, the 5' UTR and capsid coding sequences of dengue virus

include conserved regions. Thus, primers and probes comprising sequences from

these regions, or the corresponding regions in other pathogenic dengue viruses, may

be useful in detecting multiple pathogenic dengue viruses.

Other primers and probes are highly selective for a particular dengue virus,

selectively amplifying, detecting and/or binding to a particular RNA segment from

one of the dengue virus serotypes 1-4. These highly selective primers and probes can

be used alone or in combination to detect one or more dengue viruses in a single

assay.

Thus, there are a number of assay designs that can be used to detect human

pathogenic serotypes alone or in combination with each other. In one embodiment,

"conserved" primers (i.e., those primers that amplify more than one dengue virus) can

be used to detect one or more of the dengue virus serotypes, as specified above. For

example, conserved primers and probes can be used to amplify and detect multiple

serotypes. Alternatively, serotype-specific primers and probe(s) can be used to

achieve specificity. For example, a single pathogenic serotype (e.g., dengue-1,

dengue-2, dengue-3, or dengue-4) can be amplified with serotype-specific primers and

detected with the corresponding serotype-specific probes. One or more serotypes can



be amplified and detected simultaneously by using a combination of serotype-specific

primers and probes in a multiplex-type assay format.

Thus, the probes and primers may be designed from conserved nucleotide

regions of the polynucleotides of interest or from non-conserved nucleotide regions of

the polynucleotide of interest. Generally, nucleic acid probes are developed from

non-conserved or unique regions when maximum specificity is desired, and nucleic

acid probes are developed from conserved regions when assaying for nucleotide

regions that are closely related to, for example, different dengue virus isolates.

Oligonucleotides for use in the assays described herein can be derived from

the 5' UTR and capsid coding sequences of dengue viruses. Representative

sequences from dengue isolates are listed herein. Thus, primers and probes for use in

detection of dengue virus include those derived from any one of the four dengue virus

serotypes, including any pathogenic dengue virus strain or isolate.

Representative sequences from dengue virus are known and are presented in

SEQ ID NOS: 1-4 of the Sequence Listing. Additional representative sequences,

including sequences of the 5'-untranslated region (UTR) and coding region for the

capsid protein C from dengue virus isolates are listed in the National Center for

Biotechnology Information (NCBI) database. See, for example, NCBI entries:

Accession No. NC_001477, Accession No. NC_001474, Accession No. NC_001475,

Accession No. NC_002640, Accession No. AB609588, Accession No. EU848545,

Accession No. AB609589, Accession No. AF038403, Accession No. AF038402,

Accession No. M29095, Accession No. M93130, Accession No. AB609590,

Accession No. AB609591, Accession No. S66064, Accession No. AY947539,

Accession No. JN559741, Accession No. JN559740, Accession No. JF357906,

Accession No. HQ634199, Accession No. HQ541794, Accession No. EU076567,

Accession No. EU076565, Accession No. EU076563, Accession No. EU076561,

Accession No. JQ950328, Accession No. JN796245, Accession No. JN819424,

Accession No. JN819422, Accession No. JN819414, Accession No. JN819412,

Accession No. JN8 19406, Accession No. JN819417, Accession No. JN819415,

Accession No. JN819409, Accession No. JN093514, Accession No. JF730055,

Accession No. JN000937, Accession No. JF937647, Accession No. JN819406,

Accession No. GQ868543; all of which sequences (as entered by the date of filing of

this application) are herein incorporated by reference. See also Weaver et al. (2009)

Infect. Genet. Evol. 9(4):523-540 and Rico-Hesse (2003) Adv. Virus Res. 59:315-341



for sequence comparisons and a discussion of genetic diversity and phylogenetic

analysis of dengue viruses.

Primers and probes for use in the assays herein are derived from these

sequences and are readily synthesized by standard techniques, e.g., solid phase

synthesis via phosphoramidite chemistry, as disclosed in U.S. Patent Nos. 4,458,066

and 4,415,732, incorporated herein by reference; Beaucage et al, Tetrahedron (1992)

48:2223-231 1; and Applied Biosystems User Bulletin No. 13 ( 1 April 1987). Other

chemical synthesis methods include, for example, the phosphotriester method

described by Narang et al, Meth. Enzymol. (1979) 68:90 and the phosphodiester

method disclosed by Brown et al, Meth. Enzymol. (1979) 68:109. Poly(A) or

poly(C), or other non-complementary nucleotide extensions may be incorporated into

oligonucleotides using these same methods. Hexaethylene oxide extensions may be

coupled to the oligonucleotides by methods known in the art. Cload et al, J. Am.

Chem. Soc. (1991) 113 :6324-6326; U.S. Patent No. 4,914,210 to Levenson et al;

Durand et al, Nucleic Acids Res. (1990) 18:6353-6359; and Horn et al, Tet. Lett.

(1986) 27:4705-4708.

Additionally, nucleic acids can be obtained directly from the dengue virus in

question. Several members of the dengue virus family are available from the ATCC

as follows: Dengue virus type 2 from a patient diagnosed with Thai hemorrhagic

fever, Thailand, 1958 (ATCC Accession No. VR-345); Dengue virus type 1 from

pooled serum from 6 patients, strain Hawaii, 1944 (ATCC Accession No. VR-1254);

Dengue virus type 4 from clinical specimen, strain H241, Philippines, 1956 (ATCC

Accession No. VR-1257); Dengue virus type 4 derived from existing strain ATCC

VR-217 (ATCC Accession No. VR-1490); Dengue virus type 2 from serum of a

febrile patient, New Guinea, 1944 (ATCC Accession No. VR-1584); and Dengue

virus type 1, strain TH-S-man (ATCC Accession No. VR-1586).

Alternatively, dengue virus can be isolated from infected mosquitos or

primates. Once obtained, the virus can be propagated using known techniques (see,

e.g., World Health Organization. (2009) Dengue: guidelines for diagnosis, treatment,

prevention, and control. Geneva: TDR: World Health Organization). Generally,

dengue viruses are grown in cell culture. The mosquito cell line C6/36 (cloned from

Ae. albopictus) or AP61 (cell line from Ae. pseudoscutellaris) are routinely used for

isolation of dengue virus (see, e.g., Bona et al. (2012) Rev. Soc. Bras. Med. Trop.

45(3):297-300; Rocco et al. (2012) Rev. Inst. Med. Trop. Sao Paulo. 54(1):49-51; and



Hober et al. (1996) Immunol. Lett. 53(2-3): 115-120). Several mammalian cell lines,

such as Vera, LLCMK2, and BHK21, may also be used but are less efficient (Alvarez

et al. (2005) Dengue Bulletin 29:1-9). Clinical specimens may also be inoculated

intracranially in suckling mice or intrathoracically in mosquitoes (see, e.g., Zompi et

al. (2012) Viruses 4(l):62-82; Costa et al. (2012) PLoS Negl. Trap. Dis. 6(5):el663;

Weng et al. (2000) J . Med. Entomol. 37(4):64 1-644).

An amplification method such as PCR or nucleic acid sequence based

amplification (NASBA) can be used to amplify polynucleotides from either dengue

virus genomic R A or cDNA derived therefrom. Alternatively, polynucleotides can

be synthesized in the laboratory, for example, using an automatic synthesizer.

Typically, the primer oligonucleotides are in the range of between 10-100

nucleotides in length, such as 15-60, 20-40 and so on, more typically in the range of

between 20-40 nucleotides long, and any length between the stated ranges. In certain

embodiments, a primer oligonucleotide comprises a sequence selected from the group

consisting of SEQ ID NOS:5-12; or a fragment thereof comprising at least about 6

contiguous nucleotides, preferably at least about 8 contiguous nucleotides, more

preferably at least about 10-12 contiguous nucleotides, and even more preferably at

least about 15-20 contiguous nucleotides; or a variant thereof comprising a sequence

having at least about 80-100% sequence identity thereto, including any percent

identity within this range, such as 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,

95, 96, 97, 98, or 99%> sequence identity thereto. Changes to the nucleotide sequences

of SEQ ID NOS:5-12 may be introduced corresponding to genetic variations in

particular Dengue strains. In certain embodiments, up to three nucleotide changes,

including 1 nucleotide change, 2 nucleotide changes, or three nucleotide changes, may

be made in a sequence selected from the group consisting of SEQ ID NOS:5-12,

wherein the oligonucleotide primer is capable of hybridizing to and amplifying a

particular dengue virus target nucleic acid.

The typical probe oligonucleotide is in the range of between 10-100

nucleotides long, such as 10-60, 15-40, 18-30, and so on, and any length between the

stated ranges. In certain embodiments, a probe oligonucleotide comprises a sequence

selected from the group consisting of SEQ ID NOS: 13-21; or a fragment thereof

comprising at least about 6 contiguous nucleotides, preferably at least about 8

contiguous nucleotides, more preferably at least about 10-12 contiguous nucleotides,

and even more preferably at least about 15-20 contiguous nucleotides; or a variant



thereof comprising a sequence having at least about 80-100% sequence identity

thereto, including any percent identity within this range, such as 81, 82, 83, 84, 85,

86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% sequence identity thereto.

Changes to the nucleotide sequences of SEQ ID NOS: 13-21 may be introduced

corresponding to genetic variations in particular Dengue strains. In certain

embodiments, up to three nucleotide changes, including 1 nucleotide change, 2

nucleotide changes, or three nucleotide changes, may be made in a sequence selected

from the group consisting of SEQ ID NOS: 13-21, wherein the oligonucleotide probe

is capable of hybridizing to and detecting a particular dengue virus target nucleic acid.

Moreover, the oligonucleotides, particularly the probe oligonucleotides, may

be coupled to labels for detection. There are several means known for derivatizing

oligonucleotides with reactive functionalities which permit the addition of a label.

For example, several approaches are available for biotinylating probes so that

radioactive, fluorescent, chemiluminescent, enzymatic, or electron dense labels can be

attached via avidin. See, e.g., Broken et al, Nucl. Acids Res. (1978) 5:363-384 which

discloses the use of ferritin-avidin-biotin labels; and Chollet et al, Nucl. Acids Res.

(1985) 13:1529-1541 which discloses biotinylation of the 5' termini of

oligonucleotides via an aminoalkylphosphoramide linker arm. Several methods are

also available for synthesizing amino-derivatized oligonucleotides which are readily

labeled by fluorescent or other types of compounds derivatized by amino-reactive

groups, such as isothiocyanate, N-hydroxysuccinimide, or the like, see, e.g.,

Connolly, Nucl. Acids Res. (1987) 15:3131-3139, Gibson et al. Nucl. Acids Res.

(1987) 15:6455-6467 and U.S. Patent No. 4,605,735 to Miyoshi et al. Methods are

also available for synthesizing sulfhydryl-derivatized oligonucleotides, which can be

reacted with thiol- specific labels, see, e.g., U.S. Patent No. 4,757,141 to Fung et al,

Connolly et al, Nucl. Acids Res. (1985) 13:4485-4502 and Spoat et al. Nucl. Acids

Res. (1987) 15:4837-4848. A comprehensive review of methodologies for labeling

DNA fragments is provided in Matthews et al, Anal. Biochem. (1988) 169 :1-25.

For example, oligonucleotides may be fluorescently labeled by linking a

fluorescent molecule to the non-ligating terminus of the molecule. Guidance for

selecting appropriate fluorescent labels can be found in Smith et al, Meth. Enzymol.

(1987) 155:260-301; Karger et al, Nucl. Acids Res. (1991) 19:4955-4962; Guo et al.

(2012) Anal. Bioanal. Chem. 402(10):31 15-3125; Molecular Probes Handbook,

A Guide to Fluorescent Probes and Labeling Technologies, 11th edition, Johnson and



Spence eds., 2010 (Molecular Probes/Life Technologies). Fluorescent labels include

fluorescein and derivatives thereof, such as disclosed in U.S. Patent No. 4,318,846

and Lee et al, Cytometry (1989) 10:151-164. Dyes for use in the present invention

include 3-phenyl-7-isocyanatocoumarin, acridines, such as 9-isothiocyanatoacridine

and acridine orange, pyrenes, benzoxadiazoles, and stilbenes, such as disclosed in

U.S. Patent No.4,174,384. Additional dyes include SYBR green, SYBR gold,

Yakima Yellow, Texas Red, 3-(8 -carboxypentyl)-3'-ethyl-5,5'-dimethyloxa-

carbocyanine (CYA); 6-carboxy fluorescein (FAM); CAL Fluor Orange 560, CAL

Fluor Red 610, Quasar Blue 670; 5,6-carboxyrhodamine-l 10 (Rl 10); 6-

carboxyrhodamine-6G (R6G); N',N',N',N'-tetramethyl-6-carboxyrhodamine

(TAMRA); 6-carboxy-X-rhodamine (ROX); 2', 4', 5', 7', - tetrachloro-4-7-

dichlorofluorescein (TET); 2', 7'- dimethoxy-4', 5'-6 carboxyrhodamine (JOE); 6-

carboxy-2',4,4',5',7,7'-hexachloro fluorescein (HEX); Dragonfly orange; ATTO-Tec;

Bodipy; ALEXA; VIC, Cy3, and Cy5. These dyes are commercially available from

various suppliers such as Life Technologies (Carlsbad, CA), Biosearch Technologies

(Novato, CA), and Integrated DNA Technolgies (Coralville, Iowa). Fluorescent

labels include fluorescein and derivatives thereof, such as disclosed in U.S. Patent No.

4,318,846 and Lee et al, Cytometry (1989) 10:151-164, and 6-FAM, JOE, TAMRA,

ROX, HEX-1, HEX-2, ZOE, TET-1 or NAN-2, and the like.

Oligonucleotides can also be labeled with a minor groove binding (MGB)

molecule, such as disclosed in U.S. Patent No. 6,884,584, U.S. Patent No. 5,801,155;

Afonina et al. (2002) Biotechniques 32:940-944, 946-949; Lopez-Andreo et al. (2005)

Anal. Biochem. 339:73-82; and Belousov et al. (2004) Hum Genomics 1:209-217.

Oligonucleotides having a covalently attached MGB are more sequence specific for

their complementary targets than unmodified oligonucleotides. In addition, an MGB

group increases hybrid stability with complementary DNA target strands compared to

unmodified oligonucleotides, allowing hybridization with shorter oligonucleotides.

Additionally, oligonucleotides can be labeled with an acridinium ester (AE)

using the techniques described below. Current technologies allow the AE label to be

placed at any location within the probe. See, e.g., Nelson et al, (1995) "Detection of

Acridinium Esters by Chemiluminescence" in Nonisotopic Probing, Blotting and

Sequencing, Kricka L.J.(ed) Academic Press, San Diego, CA; Nelson et al. (1994)

"Application of the Hybridization Protection Assay (HPA) to PCR" in The

Polymerase Chain Reaction, Mullis et al. (eds.) Birkhauser, Boston, MA; Weeks et



al, Clin. Chem. (1983) 29:1474-1479; Berry et al, Clin. Chem. (1988) 34:2087-2090.

An AE molecule can be directly attached to the probe using non-nucleo tide-based

linker arm chemistry that allows placement of the label at any location within the

probe. See, e.g., U.S. Patent Nos. 5,585,481 and 5,185,439.

In certain embodiments, molecular beacon probes may be used for detection of

dengue virus target nucleic acids. Molecular beacons are hairpin shaped

oligonucleotides with an internally quenched fluorophore. Molecular beacons

typically comprise four parts: a loop of about 18-30 nucleotides, which is

complementary to the target nucleic acid sequence; a stem formed by two

oligonucleotide regions that are complementary to each other, each about 5 to 7

nucleotide residues in length, on either side of the loop; a fluorophore covalently

attached to the 5' end of the molecular beacon, and a quencher covalently attached to

the 3' end of the molecular beacon. When the beacon is in its closed hairpin

conformation, the quencher resides in proximity to the fluorophore, which results in

quenching of the fluorescent emission from the fluorophore. In the presence of a

target nucleic acid having a region that is complementary to the strand in the

molecular beacon loop, hybridization occurs resulting in the formation of a duplex

between the target nucleic acid and the molecular beacon. Hybridization disrupts

intramolecular interactions in the stem of the molecular beacon and causes the

fluorophore and the quencher of the molecular beacon to separate resulting in a

fluorescent signal from the fluorophore that indicates the presence of the target

nucleic acid sequence. See, e.g., Guo et al. (2012) Anal. Bioanal. Chem.

402(10):31 15-3125; Wang et al. (2009) Angew. Chem. Int. Ed. Engl. 48(5):856-870;

and Li et al. (2008) Biochem. Biophys. Res. Commun. 373(4):457-461; herein

incorporated by reference in their entireties.

Representative dengue virus primers and probes derived from the 5' UTR and

capsid coding regions for use in the various assays are shown in Example 1 in Tables

1 and 2, respectively. The oligonucleotides labeled as dengue 1, dengue 2, dengue 3,

or dengue 4-specific are oligonucleotides that selectively amplify, detect, and/or

hybridize to dengue 1, dengue 2, dengue 3, or dengue 4 nucleic acids, respectively,

and can therefore be used to specifically identify these viruses in the assays described

herein. Accordingly, for example, dengue 2-specific oligonucleotides could be used

in combination with dengue 3-specific oligonucleotides in order to test for the

presence of either dengue 2 or dengue 3 in a single assay. Similarly, dengue 1 and



dengue 3-specific oligonucleotides could be used in combination with dengue 2-

specific oligonucleotides and dengue-4 specific oligonucleotides in order to test for

the presence of dengue 1, dengue 2, dengue 3, or dengue 4 in a single assay. Also

shown in Table 2 are oligonucleotide probes useful for detecting specific serotypes of

dengue virus, including serotypes 1-4. It is to be understood that the primers and

probes described herein are merely representative, and other oligonucleotides derived

from various pathogenic dengue virus strains will find use in the assays described

herein.

When utilizing a hybridization-based detection system, a nucleic acid probe is

chosen that is complementary to a target nucleic acid sequence. By selection of

appropriate conditions, the probe and the target sequence "selectively hybridize," or

bind, to each other to form a hybrid molecule. An oligonucleotide that "selectively

hybridizes" to a particular dengue virus sequence from a particular serotype under

hybridization conditions described below, denotes an oligonucleotide, e.g., a primer

or probe oligonucleotide, that binds to the dengue virus sequence of that particular

dengue serotype, but does not bind to a sequence from a dengue virus of a different

serotype.

In one embodiment of the present invention, a nucleic acid molecule is

capable of hybridizing selectively to a target sequence under moderately stringent

hybridization conditions. In the context of the present invention, moderately stringent

hybridization conditions allow detection of a target nucleic acid sequence of at least

14 nucleotides in length having at least approximately 70% sequence identity with the

sequence of the selected nucleic acid probe. In another embodiment, such selective

hybridization is performed under stringent hybridization conditions. Stringent

hybridization conditions allow detection of target nucleic acid sequences of at least 14

nucleotides in length having a sequence identity of greater than 90% with the

sequence of the selected nucleic acid probe. Hybridization conditions useful for

probe/target hybridization where the probe and target have a specific degree of

sequence identity, can be determined as is known in the art (see, for example, Nucleic

Acid Hybridization: A Practical Approach, editors B.D. Hames and S.J. Higgins,

(1985) Oxford; Washington, DC; IRL Press). Hybrid molecules can be formed, for

example, on a solid support, in solution, and in tissue sections. The formation of

hybrids can be monitored by inclusion of a reporter molecule, typically, in the probe.

Such reporter molecules or detectable labels include, but are not limited to,



radioactive elements, fluorescent markers, and molecules to which an enzyme-

conjugated ligand can bind.

With respect to stringency conditions for hybridization, it is well known in the

art that numerous equivalent conditions can be employed to establish a particular

stringency by varying, for example, the following factors: the length and nature of

probe and target sequences, base composition of the various sequences,

concentrations of salts and other hybridization solution components, the presence or

absence of blocking agents in the hybridization solutions (e.g., formamide, dextran

sulfate, and polyethylene glycol), hybridization reaction temperature and time

parameters, as well as, varying wash conditions. The selection of a particular set of

hybridization conditions is well known (see, for example, Sambrook, et al, Molecular

Cloning: A Laboratory Manual, 3rd Edition, 2001).

As explained above, the primers and probes may be used in polymerase chain

reaction (PCR)-based techniques, such as RT-PCR, to detect dengue virus infection in

biological samples. PCR is a technique for amplifying a desired target nucleic acid

sequence contained in a nucleic acid molecule or mixture of molecules. In PCR, a

pair of primers is employed in excess to hybridize to the complementary strands of the

target nucleic acid. The primers are each extended by a polymerase using the target

nucleic acid as a template. The extension products become target sequences

themselves after dissociation from the original target strand. New primers are then

hybridized and extended by a polymerase, and the cycle is repeated to geometrically

increase the number of target sequence molecules. The PCR method for amplifying

target nucleic acid sequences in a sample is well known in the art and has been

described in, e.g., Innis et al. (eds.) PCR Protocols (Academic Press, NY 1990);

Taylor (1991) Polymerase chain reaction: basic principles and automation, in PCR:

A Practical Approach, McPherson et al. (eds.) IRL Press, Oxford; Saiki et al. (1986)

Nature 324:163; as well as in U.S. Patent Nos. 4,683,195, 4,683,202 and 4,889,818,

all incorporated herein by reference in their entireties.

In particular, PCR uses relatively short oligonucleotide primers which flank

the target nucleotide sequence to be amplified, oriented such that their 3' ends face

each other, each primer extending toward the other. The polynucleotide sample is

extracted and denatured, preferably by heat, and hybridized with first and second

primers that are present in molar excess. Polymerization is catalyzed in the presence

of the four deoxyribonucleotide triphosphates (dNTPs —dATP, dGTP, dCTP and



dTTP) using a primer- and template-dependent polynucleotide polymerizing agent,

such as any enzyme capable of producing primer extension products, for example, E.

coli DNA polymerase I, Klenow fragment of DNA polymerase I, T4 DNA

polymerase, thermostable DNA polymerases isolated from Thermus aquaticus (Taq),

available from a variety of sources (for example, Perkin Elmer), Thermus

thermophilus (United States Biochemicals), Bacillus stereothermophilus (Bio-Rad),

or Thermococcus litoralis ("Vent" polymerase, New England Biolabs). This results

in two "long products" which contain the respective primers at their 5' ends covalently

linked to the newly synthesized complements of the original strands. The reaction

mixture is then returned to polymerizing conditions, e.g., by lowering the temperature,

inactivating a denaturing agent, or adding more polymerase, and a second cycle is

initiated. The second cycle provides the two original strands, the two long products

from the first cycle, two new long products replicated from the original strands, and

two "short products" replicated from the long products. The short products have the

sequence of the target sequence with a primer at each end. On each additional cycle,

an additional two long products are produced, and a number of short products equal to

the number of long and short products remaining at the end of the previous cycle.

Thus, the number of short products containing the target sequence grows

exponentially with each cycle. Preferably, PCR is carried out with a commercially

available thermal cycler, e.g., Perkin Elmer.

RNAs may be amplified by reverse transcribing the RNA into cDNA, and then

performing PCR (RT-PCR), as described above. Alternatively, a single enzyme may

be used for both steps as described in U.S. Patent No. 5,322,770, incorporated herein

by reference in its entirety. RNA may also be reverse transcribed into cDNA,

followed by asymmetric gap ligase chain reaction (RT-AGLCR) as described by

Marshall et al. (1994) PCR Meth. App. 4:80-84.

Nucleic acid sequence based amplification (NASBA) is an isothermal RNA-

specific amplification method that does not require thermal cycling instrumentation.

RNA is initially reverse transcribed such that the single-stranded RNA target is copied

into a double-stranded DNA molecule that serves as a template for RNA transcription.

Detection of the amplified RNA is typically accomplished either by

electrochemiluminescence or in real-time, for example, with fluorescently labeled

molecular beacon probes. See, e.g., Lau et al. (2006) Dev. Biol. (Basel) 126:7-15;

and Deiman et al. (2002) Mol. Biotechnol. 20(2): 163-179.



The Ligase Chain Reaction (LCR) is an alternate method for nucleic acid

amplification. In LCR, probe pairs are used which include two primary (first and

second) and two secondary (third and fourth) probes, all of which are employed in

molar excess to the target. The first probe hybridizes to a first segment of the target

strand, and the second probe hybridizes to a second segment of the target strand, the

first and second segments being contiguous so that the primary probes abut one

another in 5' phosphate-3' hydroxyl relationship, and so that a ligase can covalently

fuse or ligate the two probes into a fused product. In addition, a third (secondary)

probe can hybridize to a portion of the first probe and a fourth (secondary) probe can

hybridize to a portion of the second probe in a similar abutting fashion. If the target is

initially double stranded, the secondary probes also will hybridize to the target

complement in the first instance. Once the ligated strand of primary probes is

separated from the target strand, it will hybridize with the third and fourth probes

which can be ligated to form a complementary, secondary ligated product. It is

important to realize that the ligated products are functionally equivalent to either the

target or its complement. By repeated cycles of hybridization and ligation,

amplification of the target sequence is achieved. This technique is described more

completely in EPA 320,308 to K. Backman published June 16, 1989 and EPA

439,182 to K. Backman et al, published July 31, 1991, both of which are incorporated

herein by reference.

Other known methods for amplification of nucleic acids include, but are not

limited to self-sustained sequence replication (3SR) described by Guatelli et al, Proc.

Natl. Acad. Sci. USA (1990) 87:1874-1878 and J . Compton, Nature (1991) 350:91-92

(1991); Q-beta amplification; strand displacement amplification (as described in

Walker et al, Clin. Chem. (1996) 42:9-13 and EPA 684,315; target mediated

amplification, as described in International Publication No. WO 93/22461, and the

TaqMan™ assay.

The fluorogenic 5' nuclease assay, known as the TaqMan™ assay

(Perkin-Elmer), is a powerful and versatile PCR-based detection system for nucleic

acid targets. Primers and probes derived from conserved and/or non-conserved

regions of the dengue virus genome in question can be used in TaqMan™ analyses to

detect the presence of infection in a biological sample. Analysis is performed in

conjunction with thermal cycling by monitoring the generation of fluorescence

signals. The assay system dispenses with the need for gel electrophoretic analysis,



and is capable of generating quantitative data allowing the determination of target

copy numbers. For example, standard curves can be produced using serial dilutions

of previously quantified dengue viral suspensions. A standard graph can be produced

with copy numbers of each of the panel members against which sample unknowns can

be compared.

The fluorogenic 5' nuclease assay is conveniently performed using, for

example, AmpliTaq Gold™ DNA polymerase, which has endogenous 5' nuclease

activity, to digest an internal oligonucleotide probe labeled with both a fiuorescent

reporter dye and a quencher (see, Holland et al, Proc. Natl. Acad.Sci. USA (1991)

88:7276-7280; and Lee et al, Nucl. Acids Res. (1993) 21:3761-3766). Assay results

are detected by measuring changes in fluorescence that occur during the amplification

cycle as the fiuorescent probe is digested, uncoupling the dye and quencher labels and

causing an increase in the fiuorescent signal that is proportional to the amplification

of target nucleic acid.

The amplification products can be detected in solution or using solid supports.

In this method, the TaqMan™ probe is designed to hybridize to a target sequence

within the desired PCR product. The 5' end of the TaqMan™ probe contains a

fluorescent reporter dye. The 3' end of the probe is blocked to prevent probe

extension and contains a dye that will quench the fluorescence of the 5' fluorophore.

During subsequent amplification, the 5' fluorescent label is cleaved off if a

polymerase with 5' exonuclease activity is present in the reaction. Excision of the 5'

fluorophore results in an increase in fluorescence that can be detected.

For a detailed description of the TaqMan™ assay, reagents and conditions for

use therein, see, e.g., Holland et al, Proc. Natl. Acad. Sci, U.S.A. (1991) 88:7276-

7280; U.S. Patent Nos. 5,538,848, 5,723,591, and 5,876,930, all incorporated herein

by reference in their entireties.

A class of quenchers, known as "Black Hole Quenchers" such as BHQ1 and

BHQ2, can be used in the nucleic acid assays described above. These quenchers

reduce background and improve signal to noise in PCR assays. These quenchers are

described in, e.g., Johansson et al, J. Chem. Soc. (2002) 124 :6950-6956 and are

commercially available from Biosearch Technologies (Novato, CA).

While the length of the primers and probes can vary, the probe sequences are

selected such that they have a higher melt temperature than the primer sequences.



Preferably, the probe sequences have an estimated melt temperature that is about

10°C higher than the melt temperature for the amplification primer sequences. Hence,

the primer sequences are generally shorter than the probe sequences. Typically, the

primer sequences are in the range of between 10-75 nucleotides long, more typically

in the range of 20-45. The typical probe is in the range of between 10-50 nucleotides

long, more typically 15-40 nucleotides in length. Representative primers and probes

useful in nucleic acid amplification assays are described above.

The dengue virus sequences described herein may also be used as a basis for

transcription-mediated amplification (TMA) assays. TMA is an isothermal,

autocatalytic nucleic acid target amplification system that can provide more than a

billion RNA copies of a target sequence, and thus provides a method of identifying

target nucleic acid sequences present in very small amounts in a biological sample.

For a detailed description of TMA assay methods, see, e.g., Hill (2001) Expert Rev.

Mol. Diagn. 1:445-55; WO 89/1050; WO 88/10315; EPO Publication No. 408,295;

EPO Application No. 881 1394-8.9; WO91/02818; U.S. Patent Nos. 5,399,491,

6,686,156, and 5,556,771, all incorporated herein by reference in their entireties.

Suitable DNA polymerases include reverse transcriptases, such as avian

myeloblastosis virus (AMV) reverse transcriptase (available from, e.g., Seikagaku

America, Inc.) and Moloney murine leukemia virus (MMLV) reverse transcriptase

(available from, e.g., Bethesda Research Laboratories).

Promoters or promoter sequences suitable for incorporation in the primers are

nucleic acid sequences (either naturally occurring, produced synthetically or a product

of a restriction digest) that are specifically recognized by an RNA polymerase that

recognizes and binds to that sequence and initiates the process of transcription

whereby RNA transcripts are produced. The sequence may optionally include

nucleotide bases extending beyond the actual recognition site for the RNA

polymerase which may impart added stability or susceptibility to degradation

processes or increased transcription efficiency. Examples of useful promoters include

those which are recognized by certain bacteriophage polymerases such as those from

bacteriophage T3, T7 or SP6, or a promoter from E. coli. These RNA polymerases

are readily available from commercial sources, such as New England Bio labs and

Epicentre.



Some of the reverse transcriptases suitable for use in the methods herein have

an R Ase H activity, such as AMV reverse transcriptase. It may, however, be

preferable to add exogenous RNAse H, such as E. coli RNAse H, even when AMV

reverse transcriptase is used. RNAse H is readily available from, e.g., Bethesda

Research Laboratories.

The RNA transcripts produced by these methods may serve as templates to

produce additional copies of the target sequence through the above-described

mechanisms. The system is autocatalytic and amplification occurs autocatalytically

without the need for repeatedly modifying or changing reaction conditions such as

temperature, pH, ionic strength or the like.

Detection may be done using a wide variety of methods, including direct

sequencing, hybridization with sequence-specific oligomers, gel electrophoresis and

mass spectrometry. These methods can use heterogeneous or homogeneous formats,

isotopic or nonisotopic labels, as well as no labels at all.

One method of detection is the use of target sequence-specific oligonucleotide

probes described above. The probes may be used in hybridization protection assays

(HPA). In this embodiment, the probes are conveniently labeled with acridinium ester

(AE), a highly chemiluminescent molecule. See, e.g., Nelson et al. (1995) "Detection

of Acridinium Esters by Chemiluminescence" in Nonisotopic Probing, Blotting and

Sequencing, Kricka L.J.(ed) Academic Press, San Diego, CA; Nelson et al. (1994)

"Application of the Hybridization Protection Assay (HPA) to PCR" in The

Polymerase Chain Reaction, Mullis et al. (eds.) Birkhauser, Boston, MA; Weeks et

al, Clin. Chem. (1983) 29:1474-1479; Berry et al, Clin. Chem. (1988) 34:2087-2090.

One AE molecule is directly attached to the probe using a non-nucleo tide-based linker

arm chemistry that allows placement of the label at any location within the probe.

See, e.g., U.S. Patent Nos. 5,585,481 and 5,185,439. Chemiluminescence is triggered

by reaction with alkaline hydrogen peroxide which yields an excited N-methyl

acridone that subsequently collapses to ground state with the emission of a photon.

When the AE molecule is covalently attached to a nucleic acid probe,

hydrolysis is rapid under mildly alkaline conditions. When the AE-labeled probe is

exactly complementary to the target nucleic acid, the rate of AE hydrolysis is greatly

reduced. Thus, hybridized and unhybridized AE-labeled probe can be detected

directly in solution, without the need for physical separation.



HPA generally consists of the following steps: (a) the AE-labeled probe is

hybridized with the target nucleic acid in solution for about 15 to about 30 minutes.

A mild alkaline solution is then added and AE coupled to the unhybridized probe is

hydro lyzed. This reaction takes approximately 5 to 10 minutes. The remaining

hybrid-associated AE is detected as a measure of the amount of target present. This

step takes approximately 2 to 5 seconds. Preferably, the differential hydrolysis step is

conducted at the same temperature as the hybridization step, typically at 50 to 70 °C.

Alternatively, a second differential hydrolysis step may be conducted at room

temperature. This allows elevated pHs to be used, for example in the range of 10-1 1,

which yields larger differences in the rate of hydrolysis between hybridized and

unhybridized AE-labeled probe. HPA is described in detail in, e.g., U.S. Patent Nos.

6,004,745; 5,948,899; and 5,283,174, the disclosures of which are incorporated by

reference herein in their entireties.

In one example of a typical TMA assay, an isolated nucleic acid sample,

suspected of containing a dengue virus target sequence, is mixed with a buffer

concentrate containing the buffer, salts, magnesium, nucleotide triphosphates,

primers, dithiothreitol, and spermidine. The reaction is optionally incubated at about

100 °C for approximately two minutes to denature any secondary structure. After

cooling to room temperature, reverse transcriptase, R A polymerase, and R Ase H

are added and the mixture is incubated for two to four hours at 37 °C. The reaction

can then be assayed by denaturing the product, adding a probe solution, incubating 20

minutes at 60 °C, adding a solution to selectively hydro lyze the unhybridized probe,

incubating the reaction six minutes at 60 °C, and measuring the remaining

chemiluminescence in a luminometer.

The methods of detection of the invention utilize a biological sample

suspected of containing dengue virus nucleic acids. A biological sample may be pre-

treated in any number of ways prior to assay for dengue virus nucleic acids. For

instance, in certain embodiments, the sample may be treated to disrupt (or lyse) any

viral particles (virions), for example by treating the samples with one or more

detergents and/or denaturing agents (e.g., guanidinium agents). Nucleic acids may

also be extracted from samples, for example, after detergent treatment and/or

denaturing as described above. Total nucleic acid extraction may be performed using

known techniques, for example by non-specific binding to a solid phase (e.g., silica).



See, e.g., U.S. Patent Nos. 5,234,809, 6,849,431; 6,838,243; 6,815,541; and

6,720,166.

In certain embodiments, the target nucleic acids are separated from non

homologous nucleic acids using capture oligonucleotides immobilized on a solid

support. Such capture oligonucleotides contain nucleic acid sequences that are

complementary to a nucleic acid sequence present in the target dengue virus nucleic

acid analyte such that the capture oligonucleotide can "capture" the target nucleic

acid. Capture oligonucleotides can be used alone or in combination to capture dengue

virus nucleic acids. For example, multiple capture oligonucleotides can be used in

combination, e.g., 2, 3, 4, 5, 6, etc. different capture oligonucleotides can be attached

to a solid support to capture target dengue virus nucleic acids. In certain

embodiments, one or more capture oligonucleotides can be used to bind dengue virus

target nucleic acids either prior to or after amplification by primer oligonucleotides

and/or detection by probe oligonucleotides.

In one embodiment of the present invention the biological sample potentially

carrying target nucleic acids is contacted with a solid support in association with

capture oligonucleotides. The capture oligonucleotides, which may be used

separately or in combination, may be associated with the solid support, for example,

by covalent binding of the capture moiety to the solid support, by affinity association,

hydrogen binding, or nonspecific association.

The capture oligonucleotides can include from about 5 to about 500

nucleotides of a conserved region from a dengue virus, preferably about 10 to about

100 nucleotides, or more preferably about 10 to about 60 nucleotides of the conserved

region, or any integer within these ranges, such as a sequence including 18, 19, 20,

21, 22, 23, 24, 25, 26 . . . 35 . . . 40, etc. nucleotides from the conserved region of

interest. In certain embodiments, the capture oligonucleotide comprises a sequence

selected from the group consisting of SEQ ID NOS:5-21 or a complement thereof.

The capture oligonucleotide may also be phosphorylated at the 3' end in order to

prevent extension of the capture oligonucleotide.

The capture oligonucleotide may be attached to the solid support in a variety

of manners. For example, the oligonucleotide may be attached to the solid support by

attachment of the 3' or 5' terminal nucleotide of the probe to the solid support. More

preferably, the capture oligonucleotide is attached to the solid support by a linker

which serves to distance the probe from the solid support. The linker is usually at



least 10-50 atoms in length, more preferably at least 15-30 atoms in length. The

required length of the linker will depend on the particular solid support used. For

example, a six atom linker is generally sufficient when high cross-linked polystyrene

is used as the solid support.

A wide variety of linkers are known in the art which may be used to attach the

oligonucleotide probe to the solid support. The linker may be formed of any

compound which does not significantly interfere with the hybridization of the target

sequence to the probe attached to the solid support. The linker may be formed of a

homopolymeric oligonucleotide which can be readily added on to the linker by

automated synthesis. The homopolymeric sequence can be either 5' or 3' to the virus-

specific sequence. In one aspect of the invention, the capture oligonucleotides include

a homopolymer chain, such as, for example poly A, poly T, poly G, poly C, poly U,

poly dA, poly dT, poly dG, poly dC, or poly dU in order to facilitate attachment to a

solid support. The homopolymer chain can be from about 10 to about 40 nucleotides

in length, or preferably about 1 to about 25 nucleotides in length, or any integer

within these ranges, such as for example, 10 . . . 12 . . . 16, 17, 18, 19, 20, 21, 22, 23,

or 24 nucleotides. The homopolymer, if present, can be added to the 3' or 5' terminus

of the capture oligonucleotides by enzymatic or chemical methods. This addition can

be made by stepwise addition of nucleotides or by ligation of a preformed

homopolymer. Capture oligonucleotides comprising such a homopolymer chain can

be bound to a solid support comprising a complementary homopolymer.

Alternatively, biotinylated capture oligonucleotides can be bound to avidin- or

streptavidin-coated beads. See, e.g., Chollet et al, supra.

Alternatively, polymers such as functionalized polyethylene glycol can be

used as the linker. Such polymers do not significantly interfere with the hybridization

of probe to the target oligonucleotide. Examples of linkages include polyethylene

glycol, carbamate and amide linkages. The linkages between the solid support, the

linker and the probe are preferably not cleaved during removal of base protecting

groups under basic conditions at high temperature.

The solid support may take many forms including, for example, nitrocellulose

reduced to particulate form and retrievable upon passing the sample medium

containing the support through a sieve; nitrocellulose or the materials impregnated

with magnetic particles or the like, allowing the nitrocellulose to migrate within the

sample medium upon the application of a magnetic field; beads or particles which



may be filtered or exhibit electromagnetic properties; and polystyrene beads which

partition to the surface of an aqueous medium. Examples of types of solid supports for

immobilization of the oligonucleotide probe include controlled pore glass, glass

plates, polystyrene, avidin-coated polystyrene beads, cellulose, nylon, acrylamide gel

and activated dextran.

In one embodiment, the solid support comprises magnetic beads. The

magnetic beads may contain primary amine functional groups, which facilitate

covalent binding or association of the capture oligonucleotides to the magnetic

support particles. Alternatively, the magnetic beads have immobilized thereon

homopolymers, such as poly T or poly A sequences. The homopolymers on the solid

support will generally be complementary to any homopolymer on the capture

oligonucleotide to allow attachment of the capture oligonucleotide to the solid support

by hybridization. The use of a solid support with magnetic beads allows for a one-pot

method of isolation, amplification and detection as the solid support can be separated

from the biological sample by magnetic means.

The magnetic beads or particles can be produced using standard techniques or

obtained from commercial sources. In general, the particles or beads may be

comprised of magnetic particles, although they can also include other magnetic metal

or metal oxides, whether in impure, alloy, or composite form, as long as they have a

reactive surface and exhibit an ability to react to a magnetic field. Other materials that

may be used individually or in combination with iron include, but are not limited to,

cobalt, nickel, and silicon. A magnetic bead suitable for use with the present

invention includes magnetic beads containing poly dT groups marketed under the

trade name Sera-Mag magnetic oligonucleotide beads by Seradyn, Indianapolis, Ind.

Next, the association of the capture oligonucleotides with the solid support is

initiated by contacting the solid support with the medium containing the capture

oligonucleotides. In the preferred embodiment, the magnetic beads containing poly

dT groups are hybridized with the capture oligonucleotides that comprise poly dA

contiguous with the capture sequence (i.e., the sequence substantially complementary

to a dengue virus nucleic acid sequence) selected from the conserved single stranded

region of the dengue genome. The poly dA on the capture oligonucleotide and the

poly dT on the solid support hybridize thereby immobilizing or associating the

capture oligonucleotides with the solid support.



In certain embodiments, the capture oligonucleotides are combined with a

biological sample under conditions suitable for hybridization with target dengue virus

nucleic acids prior to immobilization of the capture oligonucleotides on a solid

support. The capture oligonucleotide-target nucleic acid complexes formed are then

bound to the solid support. In other embodiments, a solid support with associated

capture oligonucleotides is brought into contact with a biological sample under

hybridizing conditions. The immobilized capture oligonucleotides hybridize to the

target nucleic acids present in the biological sample. Typically, hybridization of

capture oligonucleotides to the targets can be accomplished in approximately 15

minutes, but may take as long as 3 to 48 hours.

The solid support is then separated from the biological sample, for example,

by filtering, centrifugation, passing through a column, or by magnetic means. The

solid support maybe washed to remove unbound contaminants and transferred to a

suitable container (e.g., a microtiter plate). As will be appreciated by one of skill in

the art, the method of separation will depend on the type of solid support selected.

Since the targets are hybridized to the capture oligonucleotides immobilized on the

solid support, the target strands are thereby separated from the impurities in the

sample. In some cases, extraneous nucleic acids, proteins, carbohydrates, lipids,

cellular debris, and other impurities may still be bound to the support, although at

much lower concentrations than initially found in the biological sample. Those

skilled in the art will recognize that some undesirable materials can be removed by

washing the support with a washing medium. The separation of the solid support

from the biological sample preferably removes at least about 70%, more preferably

about 90% and, most preferably, at least about 95% or more of the non-target nucleic

acids present in the sample.

As is readily apparent, design of the assays described herein is subject to a

great deal of variation, and many formats are known in the art. The above

descriptions are merely provided as guidance and one of skill in the art can readily

modify the described protocols, using techniques well known in the art.

The above-described assay reagents, including the primers and probes, and

optionally capture oligonucleotides, a solid support with bound probes, and/or

reagents for performing nucleic acid amplification, such as by RT-PCR or NASBA,

can be provided in kits, with suitable instructions and other necessary reagents, in

order to conduct the assays as described above. The kit will normally contain in



separate containers the primers and probes, control formulations (positive and/or

negative), and other reagents that the assay format requires. Instructions (e.g.,

written, CD-ROM, DVD, etc.) for carrying out the assay usually will be included in

the kit. The kit can also contain, depending on the particular assay used, other

packaged reagents and materials (i.e., wash buffers, and the like). Standard assays,

such as those described above, can be conducted using these kits.

In certain embodiments, the kit comprises written instructions for identifying

the presence of dengue virus and at least one set of primers comprising a forward

primer and a reverse primer capable of amplifying at least a portion of a dengue virus

genome, said portion comprising a 5' UTR sequence or a dengue capsid coding

sequence, wherein said primers are not more than about 40 nucleotides in length,

wherein said set of primers is selected from the group consisting of:

a) a forward primer comprising the sequence of SEQ ID NO:5 and a reverse

primer comprising the sequence of SEQ ID NO:9;

b) a forward primer comprising the sequence of SEQ ID NO:5 and a reverse

primer comprising the sequence of SEQ ID NO: 10;

c) a forward primer comprising the sequence of SEQ ID NO:5 and a reverse

primer comprising the sequence of SEQ ID NO:l 1;

d) a forward primer comprising the sequence of SEQ ID NO:6 and a reverse

primer comprising the sequence of SEQ ID NO: 10;

e) a forward primer comprising the sequence of SEQ ID NO:6 and a reverse

primer comprising the sequence of SEQ ID NO:l 1;

f) a forward primer comprising the sequence of SEQ ID NO: and a reverse

primer comprising the sequence of SEQ ID NO:9;

g) a forward primer comprising the sequence of SEQ ID NO:8 and a reverse

primer comprising the sequence of SEQ ID NO: 12;

h) a forward primer and a reverse primer each comprising at least 10 contiguous

nucleotides from the corresponding nucleotide sequences of the forward

primer and reverse primer of a primer set selected from the group consisting of

(a)-(g);

i) a forward primer and a reverse primer comprising at least one nucleotide

sequence that differs from the corresponding nucleotide sequence of the

forward primer or reverse primer of a primer set selected from the group

consisting of (a)-(g) in that the primer has up to three nucleotide changes



compared to the corresponding sequence, wherein the primer is capable of

hybridizing to and amplifying dengue virus nucleic acids in the nucleic acid

amplification assay; and

j) a forward primer and a reverse primer comprising nucleotide sequences that

are complements of the corresponding nucleotide sequences of the forward

primer and reverse primer of a primer set selected from the group consisting of

(a)-(i).

In one embodiment, the kit comprises a primer comprising the sequence of

SEQ ID NO:5, a primer comprising the sequence of SEQ ID NO:6, a primer

comprising the sequence of SEQ ID NO:7, a primer comprising the sequence of SEQ

ID NO:8, a primer comprising the sequence of SEQ ID NO:9, a primer comprising the

sequence of SEQ ID NO: 10, a primer comprising the sequence of SEQ ID NO:l 1, a

primer comprising the sequence of SEQ ID NO: 12, a probe comprising the sequence

of SEQ ID NO: 13, a probe comprising the sequence of SEQ ID NO: 14, a probe

comprising the sequence of SEQ ID NO: 15, and a probe comprising the sequence of

SEQ ID NO: 16.

In one embodiment, the probe comprising the sequence of SEQ ID NO: 13

further comprises a 5' FAM fluorophore and a 3' BHQ-1 quencher, the probe

comprising the sequence of SEQ ID NO: 14 further comprises a 5' CAL Fluor Orange

560 fluorophore and a 3' BHQ-1 quencher, the probe comprising the sequence of SEQ

ID NO: 15 further comprises a 5' CAL Fluor Red 610 fluorophore and a 3' BHQ-2

quencher, and the probe comprising the sequence of SEQ ID NO: 16 further comprises

a 5' Quasar Blue 670 fluorophore and a 3' BHQ-2 quencher.

3 . EXPERIMENTAL

Below are examples of specific embodiments for carrying out the present

invention. The examples are offered for illustrative purposes only, and are not

intended to limit the scope of the present invention in any way.

Efforts have been made to ensure accuracy with respect to numbers used (e.g.,

amounts, temperatures, etc.), but some experimental error and deviation should, of

course, be allowed for.



Example 1

Single-Reaction, Multiplex, Real-Time RT-PCR for the Detection, Quantitation,

and Serotyping of Dengue Viruses

This study describes the design and validation of a new, single-reaction,

multiplex, quantitative real-time RT-PCR assay (hereinafter referred to as the dengue

multiplex rRT-PCR) for the detection and serotyping of dengue viruses from patient

samples (e.g., plasma or serum). This assay targets the 5' untranslated region (UTR)

and capsid gene of dengue virus and utilizes four molecular beacons for detection and

serotyping. Beacons were chosen for their high sensitivity and ability to differentiate

sequences differing by as little as one or two bases (Tyagi et al. (1998) Nat.

Biotechnol. 16: 49-53). In this paper, this assay is shown to be more sensitive (both

analytically and clinically) than the hemi-nested RT-PCR used for comparison

(hereinafter referred to as the reference assay). It is also specific for dengue viruses,

demonstrating no amplification when tested against samples containing other

flaviviruses. This assay represents a significant step forward in dengue diagnostics as

it maintains the sensitivity and serotyping capability of the reference molecular

diagnostic test while also providing viral load monitoring and improved workflow in a

simple, single-reaction format.

Methods

Objectives

To design and validate a new multiplex rRT-PCR for dengue virus and

compare this assay directly to the reference assay, a hemi-nested RT-PCR. The

primary hypothesis was that this dengue multiplex rRT-PCR would demonstrate

performance characteristics equivalent to the reference assay with the workflow and

turnaround time advantages of real-time chemistry.

Dengue Sequences and Assay Design

Publicly available dengue sequences were obtained from GenBank, accessed

August, 201 1. For DEN 1-3, sequences deposited since 1990 were selected and

included up to 2 sequences per country per year (143 DEN 1 sequences, 181 DEN 2



sequences, 191 DEN 3 sequences). Due to the decreased number of deposited

sequences for DEN 4, all complete genome sequences available for this serotype (75

DEN 4 sequences) were included. Sequences listed as sylvatic strains were rejected.

Segments of these genomes were aligned using MegAlign software (DNAStar,

Madison, WI). A consensus sequence was generated that showed bases conserved

across at least 95% of isolates. This identified a region of the 5 ' UTR and capsid gene

that was highly conserved within each dengue serotype and also moderately

conserved across all serotypes.

Using the 95% consensus sequence, Beacon Designer software (Premier

Biosoft, Palo Alto, CA) was used to generate primer and probe sets directed against

segments of the 5 ' UTR and capsid gene for all four serotypes. These were tested

using control genomic RNA for DEN 1-4, and primer and probe sets patterned on

those for DEN 1 were generated for DEN 2-4 using Primer3. An alternate molecular

beacon for DEN 1, containing more mismatches between serotypes, was also

designed using Primer3. TaqMan probes were designed using RealTimeDesign

Software (Biosearch Technologies, Novato, CA). The primer and probe sequences

are listed in Table 1 and Table 2 .

Table 1. Primer sequences for the dengue multiplex rRT-PCR.

Name Primer Sequence (5' 3')

Dengue 1-2-3 Forward CAGATCTCTGATGAACAACCAACG (SEQ ID NO:5)

Dengue 2 Forward C T CAGATCTCTGATGAATAACCAACG (SEQ ID NO:6)

Dengue 3 Forward C T CAGATTTCTGATGAACAACCAACG (SEQ ID NO:7)

Dengue 4 Forward GATCTCTGGAAAAATGAAC (SEQ ID NO:8)

Dengue 1,3 Reverse TTTGAGAATCTCTTCGCCAAC (SEQ ID NO:9)

Dengue 2 Reverse AGTTGACACGCGGTTTCTCT (SEQ ID NO: 10)

Dengue 2 Reverse A G AGTCGACACGCGGTTTCTCT (SEQ ID NO: 11)

Dengue 4 Reverse AGAATCTCTTCACCAACC (SEQ ID NO: 12)

Table 2. Probe sequences for the dengue multiplex rRT-PCR.

Channel 5' Fluor Probe Sequence (5' 3') 3' Quencher

Green FAM CGCGATCGCGTTTCAGCATATTGAAAGACGGATCGCG BHQ-1
(SEQ ID NO: 13)

Yellow CAL Fluor Orange 560 CGCGATCGCGTTTCAGCATATTGAAAGGCGGATCGCG BHQ-1
(SEQ ID NO: 14)



Orange CAL Fluor Red 610 CGCGATCCACGCGTTTCAGCATATTGATAGGATCGCG BHQ-2
(SEQ ID NO:15)

Red Quasar Blue 670 CGCGATCTTTCAGCATATTGAAAGGTGGTCGATCGCG BHQ-2
(SEQ ID NO:16)

Probes are listed by the channel in which signal is detected on the Rotor-Gene Q instrument.
Underlined probe segments designate sequences complimentary to the dengue consensus; seg
the 5' and 3' ends of the probe comprise the beacon stem.

Beacon Name 5' Fluor Sequence 3'Quencher
Denl FAM CGCGATCTTCAGCATATTGAAAGACGGTCGGATCGCG BHQ-1
Alternate (SEQ ID NO:17)

Taqman Name 5' Fluor Sequence 3'Quencher
DENV1 BHQ+ FAM CTCGCGCGTTTCAGCATAT BHQ-1 +

(SEQ ID NO:18)
DENV2 BHQ+ FAM CTCTCGCGTTTCAGCATAT BHQ-1 +

(SEQ ID NO:19)
DENV2 Alt BHQ+ FAM CTCTCACGTTTCAGCATATTG BHQ-1 +

(SEQ ID NO:20)
DENV3 BHQ+ FAM CTCACGCGTTTCAGCATAT BHQ-1 +

(SEQ ID NO:21)

RT-PCR and Internal Control Assays

The dengue multiplex rRT-PCR was performed using the Superscript III

Platinum One-Step qRT-PCR (Invitrogen, Carlsbad, CA). Reaction mixtures were

scaled from the manufacturer recommended volume of 50 to 25 per reaction.

Each reaction contained 300 nM primers for DEN 1-3 and 450 nM primers for DEN

4 . Each probe was added to 600 nM in the final PCR reaction. RT-PCR reactions

were performed using the Rotor-Gene Q instrument (Qiagen, Valencia, CA). Cycling

conditions were the following: 52°C for 15 minutes (RT step); 94°C for 2 minutes; 45

cycles of 94°C for 15 seconds, 55°C for 20 seconds, 60°C for 20 seconds, and 68°C

for 20 seconds. Detection was performed in the green, yellow, orange, and red

channels at 55°C; the gain was set at 10 for green, yellow, and orange, and 5.33 for

red. Four-step cycling was initially used to detect signal at different temperatures, but

it was maintained as it showed improved sensitivity and curve generation compared to

standard, three-step cycling (data not shown). During analysis, slope-correction was

performed for each channel. Additionally, the first five cycles were cropped from the

orange and red channel to improve baseline normalization. The threshold was set at

0.05 for green and yellow and 0.025 for orange and red. A positive result was

considered any curve crossing this threshold prior to cycle 40. All results after cycle

40 were evaluated individually. The crossing threshold (Ct) value for each sample

was recorded and the concentration of RNA calculated from a standard curve



generated using quantified plasmid DNA (see below). Serotype was determined

based on the pattern of signals obtained from the four dengue probes (Table 3).

Table 3. Probe signals for each dengue serotype.

Channel
Green Yellow Orange Red

Dengue 1 +++ - - ++

Dengue 2 + ++

Dengue 3 + - ++

Dengue 4 - - - ++

Any positive signal above the threshold is shown (+). Dengue 1has the strongest and earliest signal in
green of any serotype (+++). Other positive signals are designated (++).

Reaction mixtures using TaqMan probes were identical to those for the dengue

multiplex assay, except that the concentration of each probe in the reaction was 200

nM. Cycling conditions for this assay were the following: 52°C for 15 minutes (RT

step); 94°C for 2 minutes; 45 cycles of 94°C for 15 seconds, 55°C for 20 seconds, and

68°C for 20 seconds. Signal was acquired in the green channel. The gain was

optimized before the first acquisition, and a crossing threshold of 0.025 was set.

For the reference assay, a modified hemi-nested RT-PCR assay was used

(Chien et al. (2006) J . Clin. Microbiol. 44: 1295-1304). This assay was performed as

previously described, except that reactions were scaled to 25 µ . All reactions were

carried out in a DNA Engine Thermocycler (Bio-Rad, Hercules, CA). Briefly, One

Step RT-PCR Kit (Qiagen, Valencia, CA) was used for the RT-PCR reactions. 12.5

pmoles of primers mDl and D2 were added to the reaction, and 2.5 µ ΐ of RNA was

added. RT-PCR conditions included the following: an initial hold at 50°C for 30

minutes; one cycle at 95°C for 15 minutes, 55°C for 15 seconds, and 72°C for 30

seconds; 34 cycles of 95°C for 15 seconds, 55°C for 15 seconds, and 72°C for 30

seconds; and a final 72°C extension for 10 minutes. For the nested PCR step, Hotstart

Taq Kit (Qiagen, Valencia, CA) was used and again the reaction mix was

proportionally adjusted for a 25 final reaction volume. 12.5 pmoles of primers

mDl, rTSl, mTS2, TS3, and TS4 were used per reaction, and 2.5 µΙ_, of RT-PCR

reaction product was added. Cycling conditions were the following: 95°C for 15



minutes, then 25 cycles of 95°C for 15 seconds, 55°C for 15 seconds, and 72°C for 30

seconds. Product was detected by 2.5% agarose gel electrophoresis, and serotypes

were determined by product size (DEN 1, 208 bp; DEN 2, 119 bp; DEN 3, 288 bp;

and DEN 4, 260 bp).

A separate, internal control reaction for the detection of RNAse P was

performed on clinical samples. This assay has been previously described, though the

protocol was modified for this study (WHO/CDC (2009) WHO/CDC protocol of

realtime RTPCR for influenza A(H1N1)). RT-PCR was carried out with Superscript

III Platinum One-Step qRT-PCR (Invitrogen, Carlsbad, CA) and the same cycling

conditions as the multiplex dengue rRT-PCR were used. The reaction volume was

scaled to 25 µ , and the final reaction mixture contained 200 nM forward and reverse

primers and 100 nM probe.

Reference Virus RNA

Genomic RNA extracted from control strains of the four dengue serotypes,

DEN 1 Hawaii 1944, Den 2 New Guinea C strain, DEN 3 strain H87, and DEN 4

strain H241 were obtained from Vircell (Grenada, Spain). Extracted genomic RNA of

three strains of West Nile Virus WNV (NY 1999; clinical isolate, previously reported

as NAL strain (Rossini et al. (201 1) Emerg. Infect. Dis. 17: 903-906); and B956), and

a single strain each of Japanese Encephalitis Virus (JEV) and Tick-born Encephalitis

Virus (TBEV) was obtained from the St. Orsola-Malphighi Hospital, Regional

Reference Center for Microbiological Emergencies (Bologna, Italy).

Plasmid Generation, Quantitation, and Sequencing

Sequences for control strains of DEN 1-4 were amplified and cloned using the

TOPO TA Cloning Kit with PCR 2.1 TOPO (Invitrogen, Carlsbad, CA). Amplicons

were generated by RT-PCR as described above, except that reactions were carried out

in a DNA Engine Thermocycler (Bio-Rad, Hercules, CA) without probe. Amplicons

were detected on a 2% agarose gel, and 2 µ of each PCR reaction was used in the

cloning reaction. Four clones for each serotype were generated, and the presence of

the cloned insert was confirmed by PCR using the Fermentas 2x PCR Master Mix

(Fermentas, Glen Burnie, MD) and the same mix of dengue primers used in the rRT-

PCR. 2 µ of culture broth were boiled and cooled, then included in PCR reactions

otherwise performed according to the manufacturer's recommendations. Cycling



conditions included an initial hold at 94°C for 2 minutes, followed by 45 cycles of

94°C for 15 seconds, 55°C for 30 seconds, and 68°C for 30 seconds. Amplicons were

again detected on a 2% agarose gel. Plasmids from two clones of each serotype were

then extracted using the GeneJET Plasmid Miniprep Kit (Fermentas, Glen Burnie,

MD). The concentration of plasmid DNA was quantified using the AccuBlue High

Sensitivity dsDNA Quantitation Kit (Biotium Inc., Hayward, CA). 25, 50, and 100-

fold dilutions were tested in triplicate. A standard curve was generated and the

concentration of plasmid in the initial eluate calculated.

Multiplex rRT-PCR Validation

The validation was performed on the dengue multiplex rRT-PCR, consistent

with previously published recommendations (Burd (2010) Clin. Microbiol. Rev. 23:

550-576). An identical validation process was performed for the assay utilizing

TaqMan probes. For each serotype, linearity studies were performed on serial 10-fold

dilutions of both quantified plasmid DNA and reference RNA. For the plasmid DNA,

dilutions from 7.0 logio copies^L to 1 copy^L were tested in triplicate on a single

run. The concentrations of the reference RNA were originally quantified by the

manufacturer in ng/µ of total RNA. 10-fold dilutions from 1 ng/µ to 0.01 pg/µ

RNA were therefore tested in triplicate on a single run. Using the standard curve

generated with dilutions of plasmid DNA, the concentration in dengue virus genome

complimentary DNA (cDNA) equivalents^L was calculated for the highest

concentration of RNA ( 1 ng^L) for each serotype. Dilutions were made on a single

day for each serotype. The linear range was established by fitting a best-fit line to the

data by regression analysis and included the range where the R2 value for this line

was > 0.99.

Following the establishment of the linear range, precision studies were

performed using three dilutions of RNA controls (high positive, low positive, and

limit of quantitation). These were performed as 5 replicates on 3 separate days. Fresh

dilutions were made on the day of each run from aliquots of high concentration stocks

( 1 ng^L, high positive). Intra- and inter-run variability was calculated from the log-

concentration of the samples. To establish the lower limit of 95% detection (95%

LLOD), the lowest concentrations of RNA at which all five replicates were detectable

during the linear range study were used as the starting point. 10 replicates each of



four, two-fold dilutions were tested on a single run. The 95% LLOD was then

calculated using probit analysis.

Analytical sensitivity for the multiplex assay was compared to the reference

assay. The dilutions made for the test of linearity using RNA was first added to the

RT-PCR step of the hemi-nested PCR. Each 10-fold dilution was run in duplicate in

the reference assay. Clinical sensitivity was evaluated by comparing the results of the

dengue multiplex rRT-PCR with the reference standard using clinical samples

described below. Agreement between the two assays was determined both for

detection of dengue and serotype specificity.

Specificity was further evaluated by testing samples positive for West Nile

virus (WNV), Japanese encephalitis virus (JEV), tick-borne encephalitis virus

(TBEV), yellow fever 17D (YF-17D), and hepatitis C virus (HCV) as well as negative

patient samples initially sent to the Stanford Clinical Virology Laboratory for HCV

viral load testing. The control strains of JEV, TBEV, and WNV are described above.

For YF-17D, extracted, control genomic RNA was obtained (Vircell, Grenada, Spain)

and tested at concentrations of at least 12,500 copies/µ and 250 copies/µ . Twenty,

de-identified plasma samples from patients with HCV and twenty samples from

patients negative for HCV were extracted and tested by the multiplex rRT-PCR assay.

The test characteristics of the TaqMan assay are similar to those documented

for the dengue multiplex assay (data not shown). Assay performance using the

alternate DEN 1 probe appeared to be identical to that using the original DEN 1 probe

based on side-by-side comparisons, though a complete validation is pending.

Participants

40 de-identified plasma samples from children presenting to the Lady

Ridgeway Hospital (Colombo, Sri Lanka) with an acute febrile illness were tested.

These samples were collected prospectively from March 18 to May 28, 2012. These

patients were clinically diagnosed with dengue fever, dengue hemorrhagic fever or

dengue shock syndrome according to the WHO 1997 recommendations (World

Health Organization. (1997) Dengue haemorrhagic fever: diagnosis, treatment,

prevention, and control. Geneva: World Health Organization, viii). Patients were

tested with the Hexagon GmbH Dengue assay (HUMAN Diagnostics, Wiesbaden,

Germany), which is a rapid assay detecting IgM and IgG antibodies. Patients were

diagnosed with primary dengue if they were IgM positive and IgG negative. Patients



with detectable IgG were judged to have secondary dengue infection. Patient data

included patient age, clinical diagnosis (DF, DHF, or DSS), and whether the patient

died as a result of this infection.

15 de-identified, archived plasma samples from the St. Orsola-Malphighi

Hospital, Regional Reference Center for Microbiological Emergencies (Bologna,

Italy) were also received for testing. These samples were compromised during

shipping, but were still tested by both the multiplex dengue rRT-PCR and reference

assays.

Nucleic Acid Extraction

Nucleic acid extraction was performed using the QIAamp Viral RNA Mini Kit

(Qiagen, Valencia, CA). All extractions were performed according to the

manufacturer's recommendations. Extractions were performed using 140 of

patient plasma, eluted into 60 of buffer AVE.

The quantitation of clinical specimens in cDNA equivalents/mL serum or

plasma took into account these extraction and elution volumes and was calculated

using the following formula: (cDNA equivalents^L * 60 µ ) / (0.14 mL).

Ethics

The Institutional Review Board at Stanford University waived review of this

study as no protected health information was obtained for patient samples.

Statistics

Basic statistical analysis was performed using Excel software (Microsoft,

Bellevue, WA) and GraphPad software (GraphPad, La Jolla, CA). Probit analysis

was performed using SPSS (IBM, Armonk, NY).

Results

Linearity and Lower Limit of Detection

The primers and probe sets used in the multiplex assay are shown in Tables 1

and 2 . The probes differ by one to four bases between the different serotypes and are

listed by the channel in which they are detected. The pattern of signal obtained from

the different probes for each serotype is displayed in Table 3 . Using dengue reference



RNA dilutions, the linear range for each serotype extended from 1.0 ng RNA^L to

0.01 pg RNA^L. Based on standard curves generated with dilutions of plasmid

DNA, the concentration in dengue virus cDNA equivalents^L for the highest

concentration of RNA was determined for each serotype. The linear range of the

multiplex assay therefore corresponds to the following cDNA equivalents^L: DEN 1,

5.8 to 0.8 logio; DEN 2, 6.6 to 1.6 logio; DEN 3, 5.3 to 0.3 logio; DEN 4, 5.9 to 0.9

logio (Figure 1). Using plasmid DNA, the linear range for each serotype extended

from 7.0 to 1.0 logio copies^L for DEN 1-3 and from 7.0 to 2.0 logio copies^L for

DEN 4 (data not shown).

The lower limit of 95% detection (LLOD) was determined for each serotype in

the multiplex assay by probit analysis using reference RNA dilutions. The LLOD was

calculated to be 0.3 cDNA equivalents^ for DEN 1, 13.8 for DEN 2, 0.8 for DEN 3,

and 12.4 for DEN 4 . For comparison, duplicates of the same RNA dilutions were run,

on the same day, using the reference assay. The lowest concentrations detected by the

reference assay were 6 cDNA equivalents^L (2 of 2 replicates) for DEN 1, 3800 (2

of 2 replicates) for DEN 2, 2 1 ( 1 of 2 replicates) for DEN 3, and 79 ( 1 of 2 replicates)

for DEN 4 . The multiplex assay, therefore, was more analytically sensitive for each

serotype than the reference assay.

Precision

Both intra- and inter-run precision were calculated for each serotype at three

concentrations (high-positive, low-positive, and limit-of-quantitation) using reference

RNA. These calculations were performed using the logio cDNA equivalents^L for

each sample, except for DEN 3 at the limit of quantitation where the mean

concentration and precision calculations were expressed on the linear scale. Each

mean concentration as well as intra- and inter-run precision are shown in Table 4 .

Table 4. Precision analysis of the multiplex rRT-PCR.
Inter-Run Variability Intra-Run Variability

Mean SD %CoV Mean SD %CoV

logio copies^L Range, logi o copies^L Range Range

Den; ue 1 High-positive 5.77 0.03 0.6 5.75-5.79 0.01-0.04 0.3-0.7

Low-positive 2.67 0.03 1.3 2.65-2.69 0.02-0.04 0.7-1.7

Limit o f quantitation 0.49 0.12 23.7 0.4-0.54 0.07-0.12 17.6-22.0

Den; ue 2 High-positive 6.60 0.06 0.9 6.57-6.67 0.02-0.05 0.3-0.8

Low-positive 3.57 0.06 1.7 3.51-3.60 0.03-0.07 0.7-1.8



*Expressed as copies^L
SD, standard deviation; %CoV, percent coefficient of variation

Specificity

Extracted, genomic R A from one strain each of JEV and TBEV, three strains

of WNV, and high and low concentrations of the 17D strain of YF showed no

detectable signal in the multiplex rRT-PCR. 40 archived patient samples that had

previously been sent for HCV testing (20 positive samples and 20 negative samples)

were also tested. The positive samples had a median HCV viral load of 6.52 loglO

copies/mL (range 1.63-7.66 loglO copies/mL). These samples showed no detectable

signal in the multiplex rRT-PCR assay.

Clinical Samples

40 plasma samples were obtained from children in Sri Lanka, collected

prospectively during a single dengue season; 36 patients had detectable IgM at

diagnosis (90%). These samples were tested using both the multiplex rRT-PCR and

reference assays. The multiplex assay was positive in 38 patients (95%, 37 DEN 1

and 1 DEN 3), whereas the reference assay was only positive in 16 (40%>, 16 DEN 1).

All samples detected by the reference assay were also detected by the multiplex assay.

In the 36 patients with detectable IgM, the multiplex rRT-PCR was positive in 35

(97.2%). The samples contained similar levels of RNAse P RNA confirming

adequate extraction and the absence of RT-PCR inhibitors (data not shown).

The composition of the group positive by the dengue multiplex rRT-PCR

alone and the group positive by both assays are shown in Table 5 . These two groups

were generally similar. However, patients that tested positive only by the multiplex

rRT-PCR were more likely to have secondary dengue (p = 0.047), and they had a



lower average viral load (p = 0.0002). Two of the forty patients tested negative by

both assays. One patient was clinically diagnosed with DF and had a positive IgM on

day-of-illness five. The second patient was diagnosed with an undifferentiated febrile

illness and tested IgM negative on day-of-illness seven. A single patient died; their

viral load was 3.2 logio cDNA equivalents/mL on day of illness seven.

Table 5. Comparison of patients from Sri Lanka that tested positive only by the
multiplex rRT-PCR and those that tested positive by both the multiplex rRT-
PCR and reference assays.

Multiplex rRT-PCR Positive Multiplex rRT-PCR Positive
Reference Method Negative Reference Method Positive p-value

Patients, n (%) 22 (55) 16 (40) ND

Age, mean (SD) 7.1 (3.6) 6.1 (4.0) 0.43

Day of Illness, mean (SD) 5.8 ( 1.6) 6.1 ( 1.2) 0.53

IgM Positive, n (%) 19 (86) 16 (100) 0.25

Primary Dengue, n (%) 7 (32) 11 (69) 0.047

Illness Severity, n (%)
DF 15 (68) 6 (38) 0.10

DHF/DSS 7 (32) 10 (62)

Any ICU Care, n (%) 4 ( 18) 7 (44) 0.15

Viral Load, mean (SD)
2.98 (0.61) 4.4 ( 1.41) 0.0002

(Logio copies/mL)

ND, not determined; SD, standard deviation

Fifteen archived patient samples that had been collected in Italy were also

tested. Of these, four samples were detectable by both the multiplex rRT-PCR and

reference assays (one sample of each serotype), and six more samples were detectable

by only the multiplex rRT-PCR (4 DEN 1 and one each of DEN 2 and DEN 3). Five

samples were negative by both assays. The Italy samples contained similar levels of

RNAse P RNA, though the levels were, on average, about 10-fold lower than those

found in the Sri Lanka samples (data not shown).

Overall, the multiplex rRT-PCR detected 100% (20/20) of the samples

detected by the reference assay, with perfect serotype agreement. Furthermore, the



multiplex rRT-PCR identified dengue RNA in 28 additional clinical specimens from

patients with known recent dengue infection.

Discussion

This study describes a new, multiplex rRT-PCR for the detection, quantitation,

and serotyping of dengue virus from patient samples. A laboratory validation of the

assay was performed using reference RNA of the four dengue serotypes and clinical

specimens from Sri Lanka and Italy.

The dengue multiplex rRT-PCR was compared to a modified version of a

hemi-nested RT-PCR that has been in use for at least two decades (Lanciotti et al.

(1992) J . Clin. Microbiol. 30: 545-551). The modifications were made previously to

improve the sensitivity of the reference assay (Chien et al. (2006) J . Clin. Microbiol.

44: 1295-1304). Using serial dilutions of DEN 1-4 reference RNA, the dengue

multiplex rRT-PCR was shown to be more analytically sensitive than the reference

assay. Consistent with this finding, dengue virus RNA was detectable in more patient

specimens using the multiplex rRT-PCR than the reference assay. The majority of

patients included in this study were diagnosed with dengue by IgM detection, which

does not reliably appear until day-of- illness five, when viremia has often decreased

below the level of detection for the reference assay (Blacksell et al. (2006) Clin.

Infect. Dis. 42: 1127-1 134; Blacksell et al. (201 1) Clin. Vaccine. Immunol. 18: 2095-

2101). In previous studies, these samples are often not evaluated, given low rates of

RT-PCR positivity (Johnson et al. (2005) J . Clin. Microbiol. 43: 4977-4983). In

contrast, the dengue multiplex rRT-PCR remains sensitive for the diagnosis of dengue

fever even after the development of IgM antibodies, which should lengthen the period

of time during which a patient can receive a viro logically confirmed, serotype-specific

diagnosis of dengue. Despite this sensitivity, the dengue multiplex rRT-PCR was

shown to be specific for dengue viruses and did not amplify related flaviviruses, even

at very high viral loads.

Further benefits of the dengue multiplex rRT-PCR include its single-reaction

set-up and a reaction set-up to result time that is much shorter than the hemi-nested

PCR (3 hours versus 10 hours). A number of multiplex assays have previously been

described in the literature, but these often require multiple steps or separate reactions

for serotyping (Hue et al. (201 1) J . Virol. Methods 177: 168-173; Das et al. (2008) J .

Clin. Microbiol. 46: 3276-3284; Shu et al. (2003) J . Clin. Microbiol. 41: 2408-2416).



Single-reaction assays, when compared directly to the reference assay used here, have

been less analytically sensitive (Johnson et al. (2005) J . Clin. Microbiol. 43: 4977-

4983). The real-time design of this assay allows for faster results than the reference

assay, though currently it does not provide a result as rapidly as point-of-care

diagnostics such as NS1 and IgM lateral flow detection kits. These rapid antigen and

antibody assays, however, have significant limitations and do not provide the amount

of information available from a serotype-specific multiplex rRT-PCR (Blacksell et al.

(2008) Diagn. Microbiol. Infect. Dis. 60: 43-49; Guzman et al. (2010) PLoS Negl.

Trop. Dis. 4; Tricou et al. (2010) BMC Infect Dis 10: 142).

The assay described herein was designed and validated as a quantitative test

for dengue virus. Though the clinical utility of viral load testing in the management

of patients with dengue fever remains unclear, previous studies have shown that

patients with higher viral loads are at an increased risk for severe disease. Vaughn, et

al. showed that peak viremia, when identified, correlated with severe disease in

children infected with DEN 1 and DEN 2 (Vaughn et al. (2000) J . Infect. Dis. 181: 2-

9). It has also been shown that detectable viremia on the day of defervescence

identifies patients at an increased risk for DHF (Wang et al. (2006) Clin. Infect. Dis.

43: 1023-1030). In addition, studies have shown higher levels of peak viremia in

secondary infection but also suggest that there may be differences based on the

serotype of the causative dengue strain (Duyen et al. (201 1) J . Infect. Dis. 203: 1292-

1300; Tricou et al. (201 1) PLoS Negl Trop Dis 5 : el309). Identifying clinically

meaningful thresholds by quantitative rRT-PCR, may, then, be serotype-specific.

This study involved a rigorous laboratory validation of the dengue multiplex

rRT-PCR, which was designed by using sequences from varied locations over the past

twenty years. While this design strategy should improve the generalizability of these

results, the study is limited by the relatively small sample size included in the clinical

evaluation and the predominant representation of DEN 1 in these samples. While the

dengue multiplex rRT-PCR compared favorably to the reference molecular assay,

particularly in samples expected to have low viral loads, it will need to be tested using

a larger number of clinical specimens from patients infected with all four dengue

serotypes. Furthermore, the assay was validated as a quantitative test, but further

studies using serial samples collected over the course of a patient's illness will need to

be performed in order to show that this assay can be used for the monitoring of

dengue viral loads.



In summary, this study describes a single-reaction, multiplex rRT-PCR for the

detection, quantitation, and serotyping of dengue viruses from patient serum or

plasma. This assay is more analytically sensitive than the reference molecular assay,

and clinically, was able to detect and serotype virus late in the clinical course of

patients with detectable dengue IgM. This assay makes an important contribution to

available dengue diagnostics and warrants further study in larger cohorts of dengue

patients.

Thus, oligonucleotide reagents, including primers and probes, as well as

methods of using the reagents for detection, quantitation, and serotyping dengue virus

are described. Although preferred embodiments of the subject invention have been

described in some detail, it is understood that obvious variations can be made without

departing from the spirit and the scope of the invention as defined herein.



Claims

What is claimed is:

1. A composition for detecting dengue virus in a biological sample using a nucleic

acid amplification assay, the composition comprising at least one set of oligonucleotide

primers comprising a forward primer and a reverse primer capable of amplifying at least a

portion of a dengue virus genome, said portion comprising a 5' UTR sequence or a dengue

virus capsid coding sequence, wherein said primers are not more than 40 nucleotides in

length, wherein said set of primers is selected from the group consisting of:

a) a forward primer comprising the sequence of SEQ ID NO:5 and a reverse primer

comprising the sequence of SEQ ID NO:9;

b) a forward primer comprising the sequence of SEQ ID NO:5 and a reverse primer

comprising the sequence of SEQ ID NO: 10;

c) a forward primer comprising the sequence of SEQ ID NO:5 and a reverse primer

comprising the sequence of SEQ ID NO: 11;

d) a forward primer comprising the sequence of SEQ ID NO:6 and a reverse primer

comprising the sequence of SEQ ID NO: 10;

e) a forward primer comprising the sequence of SEQ ID NO:6 and a reverse primer

comprising the sequence of SEQ ID NO: 11;

f a forward primer comprising the sequence of SEQ ID NO: and a reverse primer

comprising the sequence of SEQ ID NO:9;

g) a forward primer comprising the sequence of SEQ ID NO:8 and a reverse primer

comprising the sequence of SEQ ID NO: 12;

h) a forward primer and a reverse primer each comprising at least 10 contiguous

nucleotides from the corresponding nucleotide sequences of the forward primer

and reverse primer of a primer set selected from the group consisting of (a)-(g);

i) a forward primer and a reverse primer comprising at least one nucleotide sequence

that differs from the corresponding nucleotide sequence of the forward primer or

reverse primer of a primer set selected from the group consisting of (a)-(g) in that

the primer has up to three nucleotide changes compared to the corresponding

sequence, wherein the primer is capable of hybridizing to and amplifying dengue

virus nucleic acids in the nucleic acid amplification assay; and



j) a forward primer and a reverse primer comprising nucleotide sequences that are

complements of the corresponding nucleotide sequences of the forward primer and

reverse primer of a primer set selected from the group consisting of (a)-(i).

2 . The composition of claim 1, further comprising at least one detectably labeled

oligonucleotide probe sufficiently complementary to and capable of hybridizing with

dengue virus R A or an amplicon thereof.

3 . The composition of claim 2, wherein the probe is selected from the group

consisting of:

a) a probe comprising the sequence of SEQ ID NO: 13,

b) a probe comprising the sequence of SEQ ID NO: 14,

c) a probe comprising the sequence of SEQ ID NO: 15,

d) a probe comprising the sequence of SEQ ID NO: 16,

e) a probe comprising the sequence of SEQ ID NO: 17,

f a probe comprising the sequence of SEQ ID NO: 18,

g) a probe comprising the sequence of SEQ ID NO: 19,

h) a probe comprising the sequence of SEQ ID NO:20,

i) a probe comprising the sequence of SEQ ID NO:21 , and

j) a probe that differs from the corresponding nucleotide sequence of a probe selected

from the group consisting of (a)-(i) in that the probe has up to three nucleotide

changes compared to the corresponding sequence, wherein the probe is capable of

hybridizing to and detecting the dengue virus RNA or an amplicon thereof.

4 . The composition of claim 3 comprising a set of probes, wherein the set of probes

comprises a probe comprising the sequence of SEQ ID NO: 13, a probe comprising the

sequence of SEQ ID NO: 14, a probe comprising the sequence of SEQ ID NO: 15, and a

probe comprising the sequence of SEQ ID NO: 16.

5 . The composition of claim 2, wherein the detectably labeled probe comprises a

fluorophore.

6 . The composition of claim 5, wherein the fluorophore is selected from the group

consisting of carboxyfluorescein (FAM), CAL Fluor Orange 560, CAL Fluor Red 610,



Quasar Blue 670, 6-carboxyfluorescein (6-FAM), tetramethyl rhodamine (TAMRA), and

2', 4', 5', 7'- tetrachloro-4-7-dichlorofluorescein (TET).

7 . The composition of claim 6, wherein the detectably labeled probe comprises a 5'-

fluorophore and a 3'-quencher.

8. The composition of claim 7, wherein the 5'-fluorophore is selected from the group

consisting of carboxyfluorescein (FAM), CAL Fluor Orange 560, CAL Fluor Red 610,

Quasar Blue 670, and 2', 4', 5', 7'-tetrachloro-4-7-dichlorofluorescein (TET).

9 . The composition of claim 7, wherein the 3'-quencher is selected from the group

consisting of a black hole quencher (BHQ), tetramethyl rhodamine (TAMRA), dabcyl, and

dihydrocyclopyrroloindole tripeptide minor groove binder (MGB).

10. The composition of claim 7, wherein the probe is a molecular beacon.

11. The composition of claim 2 comprising a primer comprising the sequence of SEQ

ID NO:5, a primer comprising the sequence of SEQ ID NO:6, a primer comprising the

sequence of SEQ ID NO:7, a primer comprising the sequence of SEQ ID NO:8, a primer

comprising the sequence of SEQ ID NO:9, a primer comprising the sequence of SEQ ID

NO: 10, a primer comprising the sequence of SEQ ID NO:l 1, a primer comprising the

sequence of SEQ ID NO: 12, a probe comprising the sequence of SEQ ID NO: 13, a probe

comprising the sequence of SEQ ID NO: 14, a probe comprising the sequence of SEQ ID

NO: 15, and a probe comprising the sequence of SEQ ID NO: 16.

12. The composition of claim 11, wherein the probe comprising the sequence of SEQ

ID NO: 13 further comprises a 5' FAM fluorophore and a 3' BHQ-1 quencher, the probe

comprising the sequence of SEQ ID NO: 14 further comprises a 5' CAL Fluor Orange 560

fluorophore and a 3' BHQ-1 quencher, the probe comprising the sequence of SEQ ID

NO: 15 further comprises a 5' CAL Fluor Red 610 fluorophore and a 3' BHQ-2 quencher,

and the probe comprising the sequence of SEQ ID NO: 16 further comprises a 5' Quasar

Blue 670 fluorophore and a 3' BHQ-2 quencher.



13. A method for detecting dengue virus in a biological sample, the method

comprising:

a) contacting a biological sample suspected of containing dengue virus with the

composition of claim 1,

b) amplifying dengue virus nucleic acids if present, said nucleic acids comprising at

least one target sequence selected from the group consisting of a dengue- 1 target

sequence, a dengue-2 target sequence, a dengue-3 target sequence, and a dengue-4

target sequence;

c) detecting the presence of the amplified nucleic acids using at least one detectably

labeled oligonucleotide probe sufficiently complementary to and capable of

hybridizing with the dengue virus R A or amplicon thereof, if present, as an

indication of the presence or absence of dengue virus in the sample.

14. The method of claim 13, wherein at least one probe is selected from the group

consisting of:

a) a probe comprising the sequence of SEQ ID NO: 13,

b) a probe comprising the sequence of SEQ ID NO: 14,

c) a probe comprising the sequence of SEQ ID NO: 15,

d) a probe comprising the sequence of SEQ ID NO: 16,

e) a probe comprising the sequence of SEQ ID NO: 17,

f a probe comprising the sequence of SEQ ID NO: 18,

g) a probe comprising the sequence of SEQ ID NO: 19,

h) a probe comprising the sequence of SEQ ID NO:20,

i) a probe comprising the sequence of SEQ ID NO:21 , and

j) a probe that differs from the corresponding nucleotide sequence of a probe selected

from the group consisting of (a)-(i) in that the probe has up to three nucleotide

changes compared to the corresponding sequence, wherein the probe is capable of

hybridizing to and detecting the dengue virus RNA or amplicon thereof.

15. The method of claim 14, wherein a set of probes is used for detecting dengue virus

in a biological sample, wherein the set of probes comprises a probe comprising the

sequence of SEQ ID NO: 13, a probe comprising the sequence of SEQ ID NO: 14, a probe

comprising the sequence of SEQ ID NO: 15, and a probe comprising the sequence of SEQ

ID NO:16.



16. The method of claim 13, wherein the detectably labeled probe comprises a

fluorophore.

17. The method of claim 16, wherein the fluorophore is selected from the group

consisting of carboxyfluorescein (FAM), CAL Fluor Orange 560, CAL Fluor Red 610,

Quasar Blue 670, 6-carboxyfluorescein (6-FAM), tetramethyl rhodamine (TAMRA), and

2', 4', 5', 7'- tetrachloro-4-7-dichlorofluorescein (TET).

18. The method of claim 16, wherein the detectably labeled probe comprises a 5'-

fluorophore and a 3'-quencher.

19. The method of claim 18, wherein the 5'-fluorophore is selected from the group

consisting of carboxyfluorescein (FAM), CAL Fluor Orange 560, CAL Fluor Red 610,

Quasar Blue 670, and 2', 4', 5', 7'-tetrachloro-4-7-dichlorofluorescein (TET).

20. The method of claim 18, wherein the 3'-quencher is selected from the group

consisting of a black hole quencher (BHQ), tetramethyl rhodamine (TAMRA), dabcyl, and

dihydrocyclopyrroloindole tripeptide minor groove binder (MGB).

21. The method of claim 18, wherein the probe is a molecular beacon.

22. The method of claim 13, wherein the primers used for detecting dengue virus in

the biological sample comprise a primer comprising the sequence of SEQ ID NO:5, a

primer comprising the sequence of SEQ ID NO:6, a primer comprising the sequence of

SEQ ID NO:7, a primer comprising the sequence of SEQ ID NO:8, a primer comprising

the sequence of SEQ ID NO:9, a primer comprising the sequence of SEQ ID NO: 10, a

primer comprising the sequence of SEQ ID NO:l 1, and a primer comprising the sequence

of SEQ ID NO:12.

23. The method of claim 13, wherein the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, a primer

comprising the sequence of SEQ ID NO:8, a primer comprising the sequence of SEQ ID



NO:9, a primer comprising the sequence of SEQ ID NO: 10, and a primer comprising the

sequence of SEQ ID NO: 12.

24. The method of claim 13, wherein the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, a primer

comprising the sequence of SEQ ID NO:8, a primer comprising the sequence of SEQ ID

NO:9, a primer comprising the sequence of SEQ ID NO:l 1, and a primer comprising the

sequence of SEQ ID NO: 12.

25. The method of claim 13, wherein the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, a primer

comprising the sequence of SEQ ID NO:8, a primer comprising the sequence of SEQ ID

NO:9, a primer comprising the sequence of SEQ ID NO: 10, a primer comprising the

sequence of SEQ ID NO:l 1, and a primer comprising the sequence of SEQ ID NO: 12.

26. The method of claim 13, wherein the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, a primer

comprising the sequence of SEQ ID NO:6, a primer comprising the sequence of SEQ ID

NO:8, a primer comprising the sequence of SEQ ID NO:9, a primer comprising the

sequence of SEQ ID NO: 10, and a primer comprising the sequence of SEQ ID NO: 12.

27. The method of claim 13, wherein the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, a primer

comprising the sequence of SEQ ID NO:6, a primer comprising the sequence of SEQ ID

NO:8, a primer comprising the sequence of SEQ ID NO:9, a primer comprising the

sequence of SEQ ID NO:l 1, and a primer comprising the sequence of SEQ ID NO: 12.

28. The method of claim 13, wherein the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, primer

comprising the sequence of SEQ ID NO:7, a primer comprising the sequence of SEQ ID

NO:8, a primer comprising the sequence of SEQ ID NO:9, a primer comprising the

sequence of SEQ ID NO: 10, and a primer comprising the sequence of SEQ ID NO: 12.



29. The method of claim 13, wherein the primers used for detecting dengue virus in the

biological sample comprise a primer comprising the sequence of SEQ ID NO:5, primer

comprising the sequence of SEQ ID NO:7, a primer comprising the sequence of SEQ ID

NO:8, a primer comprising the sequence of SEQ ID NO:9, a primer comprising the

sequence of SEQ ID NO:l 1, and a primer comprising the sequence of SEQ ID NO: 12.

30. The method of claim 13, wherein amplifying comprises reverse transcriptase

polymerase chain reaction (RT-PCR), nucleic acid sequence based amplification

(NASBA), transcription-mediated amplification (TMA), or a fluorogenic 5' nuclease

assay, or a combination thereof.

31. The method of claim 30, wherein amplifying comprises real-time RT-PCR.

32. The method of claim 30, wherein amplifying comprises multiplex RT-PCR.

33. The method of claim 32, wherein the primers and probes that are used for detecting

dengue virus in a biological sample comprise a primer comprising the sequence of SEQ ID

NO:5, a primer comprising the sequence of SEQ ID NO:6, a primer comprising the

sequence of SEQ ID NO:7, a primer comprising the sequence of SEQ ID NO:8, a primer

comprising the sequence of SEQ ID NO:9, a primer comprising the sequence of SEQ ID

NO: 10, a primer comprising the sequence of SEQ ID NO:l 1, a primer comprising the

sequence of SEQ ID NO: 12, a probe comprising the sequence of SEQ ID NO: 13, a probe

comprising the sequence of SEQ ID NO: 14, a probe comprising the sequence of SEQ ID

NO: 15, and a probe comprising the sequence of SEQ ID NO: 16.

34. The method of claim 33, wherein the probe comprising the sequence of SEQ ID

NO: 13 further comprises a 5' FAM fluorophore and a 3' BHQ-1 quencher, the probe

comprising the sequence of SEQ ID NO: 14 further comprises a 5' CAL Fluor Orange 560

fluorophore and a 3' BHQ-1 quencher, the probe comprising the sequence of SEQ ID

NO: 15 further comprises a 5' CAL Fluor Red 610 fluorophore and a 3' BHQ-2 quencher,

,and the probe comprising the sequence of SEQ ID NO: 16 further comprises a 5' Quasar

Blue 670 fluorophore and a 3' BHQ-2 quencher.



35. The method of claim 13, wherein the biological sample is selected from the group

consisting of blood, plasma, serum, and peripheral blood mononuclear cells.

36. The method of claim 13, wherein the biological sample is obtained from the liver,

lung, spleen, thymus, kidneys, lymph nodes, or bone marrow.

37. The method of claim 13, further comprising quantitating the amount of dengue

virus present in the biological sample.

38. The method of claim 13, further comprising serotyping the dengue virus present in

the biological sample by detecting the presence of at least one target sequence selected

from the group consisting of a dengue- 1 target sequence, a dengue-2 target sequence, a

dengue-3 target sequence, and a dengue-4 target sequence.

39. The method of claim 13, further comprising isolating the dengue virus nucleic

acids from the biological sample prior to amplification.

40. The method of claim 13, further comprising isolating the dengue virus nucleic

acids from the biological sample after amplification.

4 1. An isolated oligonucleotide not more than 40 nucleotides in length comprising:

a) a nucleotide sequence comprising at least 10 contiguous nucleotides from a

nucleotide sequence selected from the group consisting of SEQ ID NOS:5-21;

b) a nucleotide sequence that differs from a nucleotide sequence selected from the

group consisting of SEQ ID NOS:5-21 by up to three nucleotide changes, wherein

the oligonucleotide is capable of hybridizing to and amplifying dengue virus

nucleic acids; or

c) complements of (a) and (b).

42. The oligonucleotide of claim 41, further comprising a detectable label.

43. The oligonucleotide of claim 42, wherein the detectable label is a fluorophore.



44. The oligonucleotide of claim 43, wherein the fluorophore is selected from the

group consisting of carboxyfluorescein (FAM), CAL Fluor Orange 560, CAL Fluor Red

610, Quasar Blue 670, 6-carboxyfluorescein (6-FAM), tetramethyl rhodamine (TAMRA),

and 2', 4', 5', 7'- tetrachloro-4-7-dichlorofluorescein (TET).

45. The oligonucleotide of claim 43, further comprising a quencher.

46. The oligonucleotide of claim 45, wherein the quencher is selected from the group

consisting of a black hole quencher (BHQ), tetramethyl rhodamine (TAMRA), dabcyl, and

a minor groove binder (MGB).

47. An isolated oligonucleotide selected from the group consisting of:

a) an oligonucleotide consisting of a nucleotide sequence selected from the group

consisting of SEQ ID NOS:5-21; and

b) an oligonucleotide complementary to an oligonucleotide of (a).

48. The oligonucleotide of claim 47, further comprising a detectable label.

49. The oligonucleotide of claim 48, wherein the detectable label is a fluorophore.

50. The oligonucleotide of claim 49, wherein the fluorophore is selected from the

group consisting of carboxyfluorescein (FAM), CAL Fluor Orange 560, CAL Fluor Red

610, Quasar Blue 670, 6-carboxyfluorescein (6-FAM), tetramethyl rhodamine (TAMRA),

and 2', 4', 5', 7'- tetrachloro-4-7-dichlorofluorescein (TET).

51. The oligonucleotide of claim 49, further comprising a quencher.

52. The oligonucleotide of claim 51, wherein the quencher is selected from the group

consisting of a black hole quencher (BHQ), tetramethyl rhodamine (TAMRA), dabcyl, and

a minor groove binder (MGB).

53. A kit for detecting dengue virus in a biological sample, the kit comprising:

written instructions for identifying the presence of dengue virus; and



at least one set of primers comprising a forward primer and a reverse primer

capable of amplifying at least a portion of a dengue virus genome, said portion comprising

a 5' UTR sequence or a dengue capsid coding sequence, wherein said primers are not

more than about 40 nucleotides in length, wherein said set of primers is selected from the

group consisting of:

a) a forward primer comprising the sequence of SEQ ID NO:5 and a reverse primer

comprising the sequence of SEQ ID NO:9;

b) a forward primer comprising the sequence of SEQ ID NO:5 and a reverse primer

comprising the sequence of SEQ ID NO: 10;

c) a forward primer comprising the sequence of SEQ ID NO:5 and a reverse primer

comprising the sequence of SEQ ID NO: 11;

d) a forward primer comprising the sequence of SEQ ID NO:6 and a reverse primer

comprising the sequence of SEQ ID NO: 10;

e) a forward primer comprising the sequence of SEQ ID NO:6 and a reverse primer

comprising the sequence of SEQ ID NO: 11;

f a forward primer comprising the sequence of SEQ ID NO: and a reverse primer

comprising the sequence of SEQ ID NO:9;

g) a forward primer comprising the sequence of SEQ ID NO:8 and a reverse primer

comprising the sequence of SEQ ID NO: 12;

h) a forward primer and a reverse primer each comprising at least 10 contiguous

nucleotides from the corresponding nucleotide sequences of the forward primer

and reverse primer of a primer set selected from the group consisting of (a)-(g);

i) a forward primer and a reverse primer comprising at least one nucleotide sequence

that differs from the corresponding nucleotide sequence of the forward primer or

reverse primer of a primer set selected from the group consisting of (a)-(g) in that

the primer has up to three nucleotide changes compared to the corresponding

sequence, wherein the primer is capable of hybridizing to and amplifying dengue

virus nucleic acids in the nucleic acid amplification assay; and

j) a forward primer and a reverse primer comprising nucleotide sequences that are

complements of the corresponding nucleotide sequences of the forward primer and

reverse primer of a primer set selected from the group consisting of (a)-(i).

54. The kit of claim 53, further comprising at least one probe for detecting dengue

virus in a biological sample, wherein the at least one probe is selected from the group



consisting of a probe comprising the sequence of SEQ ID NO: 13, a probe comprising the

sequence of SEQ ID NO: 14, a probe comprising the sequence of SEQ ID NO: 15, a probe

comprising the sequence of SEQ ID NO: 16, a probe comprising the sequence of SEQ ID

NO:17, a probe comprising the sequence of SEQ ID NO:18, a probe comprising the

sequence of SEQ ID NO: 19, a probe comprising the sequence of SEQ ID NO:20, and a

probe comprising the sequence of SEQ ID NO:21.

55. The kit of claim 54 comprising a set of probes for detecting dengue virus in a

biological sample, wherein the set of probes comprises a probe comprising the sequence of

SEQ ID NO: 13, a probe comprising the sequence of SEQ ID NO: 14, a probe comprising

the sequence of SEQ ID NO: 15, and a probe comprising the sequence of SEQ ID NO: 16.

56. The kit of claim 54, wherein at least one probe comprises a detectable label.

57. The kit of claim 56, wherein the detectable label comprises a fluorophore.

58. The kit of claim 57, wherein the fluorophore is selected from the group consisting

of carboxyfluorescein (FAM), CAL Fluor Orange 560, CAL Fluor Red 610, Quasar Blue

670, 6-carboxyfluorescein (6-FAM), tetramethyl rhodamine (TAMRA), and 2', 4', 5', T -

tetrachloro-4-7-dichloro fluorescein (TET).

59. The kit of claim 58, wherein at least one probe comprises a 5'-fluorophore and a 3'-

quencher.

60. The kit of claim 59, wherein the 3'-quencher is selected from the group consisting

of a black hole quencher (BHQ), tetramethyl rhodamine (TAMRA), dabcyl, and

dihydrocyclopyrroloindole tripeptide minor groove binder (MGB).

6 1. The kit of claim 53 comprising a primer comprising the sequence of SEQ ID NO:5,

a primer comprising the sequence of SEQ ID NO:6, a primer comprising the sequence of

SEQ ID NO:7, a primer comprising the sequence of SEQ ID NO:8, a primer comprising

the sequence of SEQ ID NO:9, a primer comprising the sequence of SEQ ID NO: 10, a

primer comprising the sequence of SEQ ID NO:l 1, and a primer comprising the sequence

of SEQ ID NO:12.



62. The kit of claim 6 1 further comprising a probe comprising the sequence of SEQ ID

NO: 13, a probe comprising the sequence of SEQ ID NO: 14, a probe comprising the

sequence of SEQ ID NO: 15, and a probe comprising the sequence of SEQ ID NO: 16.

63. The kit of claim 62, wherein the probe comprising the sequence of SEQ ID NO: 13

further comprises a 5' FAM fluorophore and a 3' BHQ-1 quencher, the probe comprising

the sequence of SEQ ID NO: 14 further comprises a 5' CAL Fluor Orange 560 fluorophore

and a 3' BHQ-1 quencher, the probe comprising the sequence of SEQ ID NO: 15 further

comprises a 5' CAL Fluor Red 610 fluorophore and a 3' BHQ-2 quencher, and the probe

comprising the sequence of SEQ ID NO: 16 further comprises a 5' Quasar Blue 670

fluorophore and a 3' BHQ-2 quencher.

64. The kit of claim 53, further comprising reagents for performing reverse

transcriptase polymerase chain reaction (RT-PCR), nucleic acid sequence based

amplification (NASBA), transcription-mediated amplification (TMA) or a fluorogenic 5'

nuclease assay.

65. The kit of claim 53, further comprising a polymerase and buffers.
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